
S2 Student Handbook

Student 
Handbook

Extra Practice. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S4
Skills Practice  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S4

Applications Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S32

Problem Solving Handbook  . . . . . . . . . . . . . . . . . . . . . . . S46
Draw a Diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S46
Make a Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S47
Guess and Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S48
Work Backward . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S49
Find a Pattern  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S50
Make a Table  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S51
Solve a Simpler Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S52
Use Logical Reasoning  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S53
Use a Venn Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S54
Make an Organized List  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S55

Skills Bank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S56
Number Sense

Estimation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S56
Percent Increase and Decrease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S56

Measurement
Accuracy, Precision, and Error  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S57
Dimensional Analysis and Unit Conversions  . . . . . . . . . . . . . . . . . . . . . . S57

Geometry
Measure Angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S58
Parallel Lines and Transversals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S58
Angle Relationships . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S59
Pythagorean Theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S60
Special Right Triangles  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S60
Properties of Polygons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S61



S3

Area of Polygons, Circles, and Composite Figures . . . . . . . . . . . . . . . . . . S61
Relative Area  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S62
Angle Relationships in Circles and Polygons  . . . . . . . . . . . . . . . . . . . . . . S62
Plane Figures and Coordinate Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . S63
Geometric Formulas  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S63
Area and Volume Relationships  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S64
Surface Area and Volume . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S64
Nets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S65
Views of Solid Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S65
Geometric Patterns and Tesselations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S66

Algebra
Factoring Quadratic Expressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S67

Data Analysis
Mean, Median, Mode, and Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S68
Data Displays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S68
Statistical Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S69
Sampling Methods and Bias  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S69

Probability
Pascal’s Triangle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S70
Exponents in Probability Formulas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S70

Reasoning and Proof
Proofs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S71
Logical Reasoning and Conditional Statements  . . . . . . . . . . . . . . . . . . . S72
Venn Diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S72
Graph Theory: Euler and Hamiltonian Paths . . . . . . . . . . . . . . . . . . . . . . S73

Selected Answers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S74

Glossary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S118

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S162

Symbols and Formulas  . . . . . . . . . . . . . .  inside back cover



 Order the given numbers from least to greatest. Then classify each number by the 
subsets of the real numbers to which it belongs.

 1. 2.3,   5 _ 
2

  ,   √ � 10  , 2. 
− 4 , 2  √ � 3   2. -3, -  √ � 12  ,   2 _ 

5
  , -2π, -π 3.   √ � 9  , 3.0 

− 2 , 3   1 _ 
16

  , 3   2 _ 
30

  , π

 Use interval notation to represent each set of numbers.

 4. -40 ≤ x < -12 5. -1 < x < 5 or x ≥ 13 6.

 Rewrite each set in the indicated notation.

 7. x ≤ 0 or 4 < x < 8; set-builder notation 8. all odd natural numbers; roster notation

 Identify the property demonstrated by each equation.

 9. 12 + a = a + 12 10. 3 ·  (9 · 2)  =  (3 · 9)  · 2 11. 2 (  √ � 10   + 4)  = 2 (  √ � 10  )  + 2 (4) 

 Use mental math to find each value.

 12. a 15% tip on a bill of $34.60 13. a 30% discount on a $67.80 item

 Classify each statement as sometimes, always, or never true. Give examples or 
properties to support your answer.

 14. a + 4 = b + 4 15. 12b = 6b + 6b 16. ab = ac

Estimate to the nearest tenth.

 17.   √ � 90   18.   √ � 62   19. -  √ � 48   20.   √ � 23  

 Simplify each expression.

 21.   
√ �� 242  

 _ 
  √ � 2  

   22.   
  √ � 20  

 _ 
  √ �� 120  

   23. 2  √ � 5   + 4  √ � 20   24. 2  √ � 72   -   √ � 18  

 Write an algebraic expression to represent each situation.

 25. the area in square inches of a triangle with base b inches and height 12 inches

 26. the amount in dollars remaining from $55 after spending d dollars

 Evaluate each expression for the given values of the variables.

 27. 2 a  2  + 5a - 3b for a = 4 and b = -3 28.   
x + y

 _ 
2xy + 2

   for x = 3 and y = 5

 Simplify each expression.

 29. 3n + 5n - 2 (n + 2)  30. 3 (x - 7)  + 4 x  2  31. -4a + 2 (12 - 4a) 

 Simplify each expression. Assume all variables are nonzero.

 32.  4  0  33.  3  2  ·  3  -5  34.   (3 x  2 y)  
4
  35.   

  (5x)  2 
 _ 

5 y  -4 
  

 Simplify each expression. Write the answer in scientific notation.

 36.  (1.4 × 1 0  12 )  (2.2 × 1 0  3 )  37.   
 (9.9 × 1 0  6 ) 

 __ 
 (2.2 × 1 0  3 ) 

   38.   24 × 1 0  -5  _ 
6 × 1 0  4 

  

Lesson

1-1

Lesson

1-2

Lesson

1-3

Lesson

1-4

Lesson

1-5
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Chapter 1  Skills Practice

 Give the domain and range for each relation.

 39.  40. x y

-5 -10

-2 -2

0 5

4 19

 41.

 Determine whether each relation is a function.

 42. Average Regular Gasoline Prices
August 2005

Date 8/8 8/15 8/22 8/29

Cost ($/gal) 2.37 2.55 2.61 2.61

  43.  from a person’s age to his or her height

 For each function, evaluate f  (0) , f  (3) , and f  (-2) .

 44. f  (x)  = -4x + 10 45. f  (x)  =   1 _ 
2

    x  2  46. f  (x)  =  x  2  - 2x + 5

 Graph each function.

 47. g  (x)  =   1 _ 
2

   x - 4 48. x 1 2 3 4

y 1 3 5 7

 49. h  (x)  = -2x + 5

 Perform the given translation on the point  (-3, 4) . Give the coordinates of the 
translated point.

 50. 3 units right 51. 5 units up 52. 2 units left, 2 units down

 Use a table to perform each transformation of y = f (x) . Use the same coordinate 
plane as the original function.

 53. reflection across the y-axis  

 54. translation 2 units up

 55. vertical compression by a factor of   1 _ 
2

  

 Identify the parent function for g from its function rule. Then graph g on your 
calculator and describe what transformation of the parent function it represents.

 56. g  (x)  =   (x + 3)  3  57. g  (x)  =   √ ��� x - 4   58. g  (x)  =  x  2  + 3

 Graph the data from the table. Describe the parent function and the transformation 
that best approximates the data set.

 59. x -2 -1 0 1 2

y -4 -0.5 0 0.5 4

60. x 1 3 5 7 9

y 16 4 0 4 16

Lesson

1-6

Lesson

1-7

Lesson

1-8

Lesson

1-9
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Chapter 2  Skills Practice

Solve.

 1. 4 (x - 3)  = 48 2. 6x + 10 = -2x + 26 3.   1 _ 
2

   (10a + 12)  = a - 6

 4. 3z + 12 =   1 _ 
2

   (4z + 4)  5. 11w + 4 = 58 - 7w 6. -5p + 32 = 2 (p - 2) 

 Solve and graph.

 7. 3x + 7 < 28 8. 12y - 3 ≤ 57 9. 2 (4 - x)  < 10

 Solve each proportion.

 10.   3x _ 
15

   =   3 _ 
5

   11.   8 _ 
5x

   =   2 _ 
11

   12.   -4 _ 
5

   =   14 _ y  

 13.   2.2 _ 
3

   =   n _ 
5

   14.   9.5 _ 
3

   =   6 + m _ 
6

   15.   -1 _ 
9

   =   1.5 _ 
3 - x

  

 Determine whether each data set could represent a linear function.

 16. x -2 1 4 7

f  (x) -14 -5 4 13

17. x -2 -1 0 1

f  (x) 6 0 -2 0

 Graph each line.

 18. slope   2 _ 
3

  ; passes through  (3, 4)  19. slope -   5 _ 
3

  ; passes through  (6, -1) 

 Find the intercepts of each line, and graph the lines.

 20. -2y + x = 8   21. 3x + y = 6

 Write each function in slope-intercept form. Then graph the function.

 22. 3y - 2x = 3   23. 4y + 3x = 20

 Find the slope of each line.

 24. x -2 1 4 7

f  (x) -14 -5 4 13

25. a line through  (-1, 20)  and  (3, -4) 

 Write the equation of each line in slope-intercept form.

 26. a line with slope 3 and x-intercept   4 _ 
3

   27. a line with slope -   3 _ 
2

   passing through  (4, 1) 

 28. x -2 0 5 6

f  (x) 14 15 17.5 18

29. x 7 10 13 16

f  (x) -6 -3 0 3

30. 31. 

Lesson

2-1

Lesson

2-2

Lesson

2-3

Lesson

2-4
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 Graph each inequality using intercepts.

 32. y - x > 4 33. 2y - 8x ≤ -4 34. 4y + 3x ≥ 12

 Solve each inequality for y. Graph the solution.

 35. 6x + 6y < 18 36. 12 > 2 (x - 3y)  37. 6y ≤ 9x - 36

 Let g  (x)  be the indicated transformation of f  (x) . Write the rule for g  (x) .

 38. f  (x)  =   4 _ 
7

   x + 1; vertical translation 3 units down

 39. f  (x)  = -4x + 9; horizontal stretch by a factor 
of 4

 40. linear function defined in the table; reflection  
x -1 0 2 5

y -17 -11 1 19
across the y-axis

 Let g  (x)  be the indicated transformation of f  (x)  = x. Write the rule for g  (x) .

 41. vertical stretch by a factor of 2 followed by a horizontal shift 2 units right

 42. horizontal shift 5 units left followed by a reflection across the x-axis

 43. vertical stretch by a factor of   3 _ 
2

   followed by a vertical shift 8 units down

 44. If the points in a scatter plot have a positive correlation, then the r-value is         ?         . 
If the points have no correlation, then the r-value is         ?        .

 45. Make a scatter plot of the  x 0 2 3 4 6 9

y 18 15 14 10 5 1
data shown in the table.

 46. Find the correlation coefficient and the equation of the line of best fit. 
Draw the line of best fit on your scatter plot.

 Solve each compound inequality. Then graph the solution set.

 47. 3 - x > 4 or 2x + 7 ≥ 17 48. 8x ≤ 0 and 4x + 6 ≥ -10

 Solve each equation.

 49.  ⎪x - 9⎥  = 1 50.  ⎪5x + 5⎥  = 20 51. 4 ⎪-2x⎥  = 48

 Solve each inequality. Then graph the solution set.

 52.  ⎪x + 7⎥  > 4 53.  ⎪2x - 5⎥  < 21 54. 3 ⎪  1 _ 
2

   x + 1⎥  ≥ 12

 Let g  (x)  be the indicated transformation of f  (x)  =  ⎪x⎥ . Write the rule for g  (x) .

 55. 7 units up   56. 3 units right

 Translate f  (x)  =  ⎪x⎥  so that the vertex is at the given point. Then graph.

 57.  (1, 4)  58.  (-3, 2)  59.  (1.5, -2.5) 

 Perform each transformation. Then graph.

 60. Stretch f  (x)  =  ⎪x - 1⎥  vertically by a factor of 2.

 61. Reflect f  (x)  =  ⎪x + 4⎥  - 1 across the y-axis.
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Chapter 3  Skills Practice

Use substitution to determine if the given ordered pair is an element of the solution 
set for the system of equations.

 1.   (2, 8)  2.   (4, 13)  3.   (3, 2.5)  4.   (5, 4) 

⎧
⎨
⎩

 y - 2x = 4
     
2y + x = -8

⎧ 
⎨ 
⎩

y - 3x = 1
     
4x - y = 3

⎧ 
⎨ 
⎩

 2y - x = 2
     
3x - 2y = 4

⎧ 
⎨ 
⎩

x - y = 1
     
x - 2y = 8

 Use a graph and a table to solve each system. Check your answer.

 5.  
⎧
  ⎨  

⎩
  
 4y - x = 12

         
3x - 4y = -16

    6.  
⎧
 
 
 ⎨   

⎩
  
 3x + 3y = 6

       
2x - y = 4

     7.  
⎧
 
 
 ⎨   

⎩
  
 2y - x = 12

         
5x - 2y = -4

    8.  
⎧
 
 
 ⎨   

⎩
  
 y - x = 4

       
2y + x = -4

   

 Classify each system and determine the number of solutions.

 9.
⎧
⎨
⎩

 y - 3x = 2
     
2y - 6x = 10

10.
⎧ 
⎨ 
⎩

 y - x = 3
     
3x - 4y = 10

11.
⎧ 
⎨ 
⎩

2y + 3x = 8
     
3x + 2y = 8

12.
⎧ 
⎨ 
⎩

 4y - x = 6
      
2x - 8y = -12

 Use substitution to solve each system of equations.

 13.  
⎧
  ⎨  

⎩
  
 x + y = 22

       
y = x - 4

     14.  
⎧
 
 
 ⎨   

⎩
  
 y = 2x + 2

         
3x + 2y = 18 

   15.  
⎧
 
 
 ⎨   

⎩
  
 4x - y = 3

         
3y + 3x = 36 

   16.  
⎧
 
 
 ⎨   

⎩
  
 9x - 3y = 3

        
2y - 4x = 16

   

 Use elimination to solve each system of equations.

 17.
⎧
⎨
⎩

 3x + y = 5
     
-2x - y = 1

18.
⎧ 
⎨ ⎩

 3x + y = 11
      
3y - 3x = -3

19.
⎧ 
⎨ ⎩

 2y + 5x = 7
     
2x - 4y = 10

20.
 
⎧
 
 
 �       ⎨     
 
 �   

⎩
 
  1 _ 
3

   y + 2x = 11
      
y - 3x = -12

 Classify each system and determine the number of solutions.

 21.  
⎧
  ⎨  

⎩
  
 2y + x = 10

       
-y + 4x = 4

    22.  
⎧
 
 
 ⎨   

⎩
  
 2y - x = 2

        
2x - 4y = 12

    23.  
⎧
 
 
 ⎨   

⎩
  
 4x - 8y = 16

           
12y - 6x = -24

    24.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
 
 y -   2 _ 

3
   x = 3

     
2x - 3y = 15

 Graph each system of inequalities.

 25.
⎧
⎨
⎩

 y ≤ 2x + 3
     
y ≥ x + 4

26.
⎧ 
⎨ 
⎩

 x + 2y ≤ 10
      
-x + 2y > 12

27.
⎧ 
⎨ 
⎩

 y > 3x + 3
     
2y - 3x > 12

28.
 
⎧
 
 
 �       ⎨     
 
 �   

⎩
 

  
 
3x + y < 4

       
2y -   1 _ 

2
   x ≥ 8

 

 Graph each system of inequalities and classify the figure created by the 
solution region.

 29.  

⎧
  �       ⎨   
  �  

⎩
 
  
 
  y ≤ 2x + 4

       
y ≥ 2x - 1

  

       

 
y ≤ 4

     
 y ≥ -1

 

     30.  
 ⎧ 
 
 �   

 
  
 
 
 ⎨   

    
 
 �   ⎩ 
  
  y ≤ 3x

 
      

   y ≤ -3x + 13          

y ≥ 0

     31.  
 
⎧
 
 
 �       
 
 ⎨   

  
 
 
 
 �   

⎩
 
    
  x ≥ -1

     
x ≤ 3

  
     

 
y ≥ 1

     
y ≤ 8

   

   32.  
 
⎧
 
 
 �       
 
 ⎨   

  
 
 
 
 �   

⎩
 
  
  
 y + x ≤ 8

      
y - x ≤ 1

  

      

 
y ≤ 3

     
y ≥ -1

 

    

 33. Write a system of inequalities to describe  
the graph.

Lesson

3-1

Lesson

3-2

Lesson

3-3
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Chapter 3  Skills Practice

 Graph each feasible region.

 34.

⎧
  �     ⎨ 
  �  

⎩
 

  
 y ≥ 0

     
x ≥ 1

  
     

 
 y ≤ -x + 8

       
y ≤ 3x

  

35.

 

⎧
 
 
 � 
 
 

 
  
 
⎨ 
  
 
 
 
 � 
 
 

⎩
 

 
 y ≥ -1

     
x ≥ -2

  
      

 
 y ≤ -2x + 10

          
 y ≤   1 _ 

2
   x + 5

  
36.

 

⎧
 
 
 � 
 
 

 
   

⎨ 
  
 
 
 
 � 
 
 

⎩
 

 
 y ≥ -8

     
x ≥ -4

  
      

 
y ≤ -2x + 1

          
y ≤ -   1 _ 

4
   x - 6

  
37.

 
⎧
 
 
 �       ⎨ 

  
 
 
 
 �   

⎩
 

 
 y ≥ -3

     
x ≤ 1

  
     

 
y ≤ x + 8

       
y ≥ -x - 6

  

 Maximize or minimize each objective function.

 38. Maximize P = 5x + 3y for the constraints from Exercise 34.

 39. Maximize P = 1.2x + 9.5y for the constraints from Exercise 35.

 40. Minimize P = 11x - 2.5y for the constraints from Exercise 36.

 41. Minimize P = 8x + 24y for the constraints from Exercise 37.

 42. Maximize P = 5.5x + 9y for the constraints shown on the coordinate grid below.

 Graph each point in three-dimensional space.

 43.  (0, 4, -2)  44.  (1, 3, 3)  45.  (2, -3, -5)  46.  (-3, -1, 4) 

 Graph each linear equation in three-dimensional space.

 47. 2x + 2y + z = 10   48. 3x - 2y + 2z = 6

49. 6x + 4y + 3z = 12   50.   1 _ 
2

  x + 4y - z = 4

 Use substitution or elimination to solve each system of equations.

 51.  

⎧
  �       ⎨     �  

⎩
 
  
 3x + y - z = 2

  
        

   5x + 3y + 4z = -5            

-2x + y + 8z = -12

     52.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
   
2x + 2y - z = 16

  
        

   4x - 2y + 2z = 0            

-3x - y + 3z = -19

   

 53.  

⎧
  �       ⎨     �  

⎩
 
   
3x + 4y + 2z = 1

  
        

   -x + y - 4z = -17            

2x + 8y + 4z = 14

       54.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
   
-x + 3y + 3z = 11

  
        

   -3x + 5y - 7z = 1            

4x - 2y + 3z = 11

    

 Classify each system as consistent or inconsistent, and determine the number of 
solutions.

 55.  

⎧
  �       ⎨     �  

⎩
 
  
 3x + 3y - z = -3

  
        

   5x + y + 2z = 14            

-4x + 2y + z = -9

    56.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
   
2x + 3y + z = 12

  
       

   2x + 3y + z = -8           

4x - y - 4z = 15

     57.  

⎧
  �       ⎨     �  

⎩
 
   
8x - 4y - 16z = 12

  
        

   -2x + y + 4z = -3            

3x - 2z + 9z = 18

    

Lesson

3-4

Lesson

3-5

Lesson

3-6
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Chapter 4  Skills Practice

Use the following matrices for Exercises 1–4. Add or subtract, if possible.

A =
⎡ 
⎢ 
⎣

1 
2

3  
-5

6 
0

⎤ 
� 
⎦

B =
⎡ 
⎢ 
⎣

1.2  
2.2

3.5  
2.7

4  
-0.5

⎤ 
� 
⎦

C =
⎡ 
⎢ 
⎣

-1  
4  
2

3  
-5  

1

9  
-2.2  

12

⎤ 
� 
⎦

1. A + B 2. A + C 3. B - A 4. C - B

 Use the following matrices for Exercises 5–8. Evaluate, if possible.

A =  
⎡
 

 
 ⎢   

⎣
   4   
2

    
7
   

12
    

3
    

-4
   
⎤
 
 
 �   

⎦
   B =  

⎡
 
 
 ⎢   

⎣
   -3

    
2

   
10

   
0

   
-9

    
-6

   
⎤
 
 
 �   

⎦
   C =  

⎡
 
 
 ⎢ 
 
 

⎣
    
16

 
  

 -3    

21

   
8

 
 

 2   

0

   
⎤
 
 
 � 
 
 

⎦
 

 5. 4A 6. -2C 7.   1 _ 
2

   A + B 8. 2C - A

 Tell whether each product is defined. If so, give its dimensions.

 9.  A  2 × 4  and  B  4 × 5 ; AB 10.  C  3×3  and  D  2×3 ; CD 11.  E  4×7  and  F  7×6 ; EF

 Use the following matrices for Exercises 12–15. Find each product, if possible.

A =
⎡ 
⎢ 
⎣

-1  
2

2  
-4

5 
0

⎤ 
� 
⎦

B =
⎡ 
⎢ 
⎣

2 
3

5 
9

⎤ 
� 
⎦

C =
⎡ 
⎢ 
⎣

3 
10

7 
4

1  
-2

⎤ 
� 
⎦

D =
⎡ 
⎢ 
⎣

12  
-4  

5

0 
4 
1

⎤ 
� 
⎦

E = ⎡ ⎢ ⎣5 1 -3⎤ � ⎦

 12. AD 13. BC 14. ED 15. CB

 Use the following matrices for Exercises 16–19. Evaluate, if possible.

A =  
⎡
 
 
 ⎢   

⎣
   9   
0

    
6
    

-2
   
⎤
 
 
 �   

⎦
   B =  

⎡
 
 
 ⎢ 
 
 

⎣
    

3
 

  
 -3    

2

    
5
 

  
 -1    

3

   
10

 
 

 6   

6

   
⎤
 
 
 � 
 
 

⎦
   C =  

⎡
 
 
 ⎢   

⎣
    12

    
-5

   
0

   
7

   
5

   
8

   
⎤
 
 
 �   

⎦
 

 16.  A  2  17.  A  3  18.  B  2  19.  C   2 

 Translate the polygon with coordinates M (3, 0) , N (2, 4) , O (-1, 3) , and P (-2, -1)  as 
indicated. Find the coordinates of the vertices of the image, and graph.

 20. 3 units right and 2 units down 21. 1 unit left and 4 units up

 Use a matrix to reduce or enlarge the polygon with coordinates M (3, 0) , N (2, 4) , 
O (-1, 3) , and P (-2, -1)  by the given factor. Find the coordinates of the vertices of 
the image, and graph.

 22. Reduce polygon MNOP by a factor  23. Enlarge polygon MNOP by a factor 
of 0.25.    of 3.

 Reflect the figure with coordinates A (-1, 1) , B (1, -3) , C (5, -1) , and D (2, 4)  across 
the given line. Find the coordinates of the vertices of the image, and graph.

 24. Reflect ABCD across the x-axis. 25. Reflect ABCD across the y-axis.

 Use each matrix to rotate the figure with coordinates E (2, 2) , F (4, 0) , G (-3, -3) , 
and H (-2, 3)  about the origin. Graph and describe the image.

 26.
⎡
  ⎢  

⎣
   0   
1

   
-1

    
0

   
⎤
 
 
 �   

⎦
    27.  

⎡
 
 
 ⎢   

⎣
   -1

    
0

    
0
    

-1
   
⎤
 
 
 �   

⎦
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Chapter 4  Skills Practice

 Find the determinant of each matrix.

 28.
⎡
  ⎢  

⎣
   -3

    
5

    
4
    

-2
   
⎤
 
 
 �   

⎦
  29.  

⎡
 
 
 ⎢   

⎣
   0.75

    
1.5

   
3

   
4

   
⎤
 
 
 �   

⎦
  30.  

⎡
 
 
 ⎢ 
 
 

⎣
   
  1 __ 4  

   
  2 __ 
3
  
   

  1 __ 
2
  
   

8
   

⎤
 
 
 � 
 
 

⎦
  31.  

⎡
 
 
 ⎢   

⎣
   
10

   
12

   
-5

    
  
1 __ 
2  

   
⎤
 

 
 �   

⎦
 

 Use Cramer’s rule to solve each system of equations.

 32.
⎧
⎨
⎩

 3x + 2y = 1
       
-4x + 5y = -32

33.
⎧ 
⎨ 
⎩

 x + 4y = 15
     
3x - 10 = 2y

 34.
⎧
  ⎨  

⎩
   
10x + 23 = 7y

          
2y - 10 = 4x

     35.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
   
   1 _ 
2

  x +   3 _ 
2

  y = -1
          

  1 _ 
4

  x + 1 + y = 0
 

 Find the determinant of each matrix.

 36.

⎡

⎢
⎣

2  
-1  

5

3 
4 
0

5 
4 
9

⎤ 
� 
⎦

37.

⎡ 
⎢ 
⎣

3 
2 
7

-6  
2  
1

-1  
2  

-3

⎤ 
� 
⎦

38.

⎡

⎢
⎣

9 
5 
2

3  
-5  

3

0  
1  

-2

⎤ 
� 
⎦

 Determine whether the given matrices are inverses.

 39.
⎡
  ⎢  

⎣
   1   
2

   
-8

    
4

   
⎤
 
 
 �   

⎦
   

⎡
 
 
 ⎢   

⎣
    0.2

    
-0.1

    
0.4

    
0.05

   
⎤
 
 
 �   

⎦
  40.  

⎡
 
 
 ⎢   

⎣
    9

    
-6

    
3
    

-6
   
⎤
 
 
 �   

⎦
   

⎡
 
 
 ⎢ 
 
 

⎣
    

  1 __ 
6
  
    

-  1 __ 
6
  
    

  1 __ 
12

  
    

-  1 __ 4  
   
⎤
 
 
 � 
 
 

⎦
 

 41.
⎡
⎢
⎣

1 
2

2 
1

⎤ 
� 
⎦

⎡ 
⎢ 
⎣

1  

-  1 __ 
2
  

-  1 __ 2  
  

1

⎤ 
� 
⎦

42.
⎡ 
⎢ 
⎣

14 
20

7 
1

⎤ 
� 
⎦

⎡ 
⎢ 
⎣

1 
0

0 
1

⎤ 
� 
⎦

 Find the inverse of the matrix, if it is defined.

 43.

⎡
  ⎢  

⎣
   
-  1 __ 

3
  
    

  2 __ 
3
  
    

  2 __ 
3
  
    

-  1 __ 
3
  
   
⎤
 
 
 � 
 
 

⎦
  44.  

⎡
 
 
 ⎢   

⎣
    3

    
-9

    
6
    

-6
   
⎤
 
 
 �   

⎦
  45.  

⎡
 
 
 ⎢   

⎣
    3

    
-2

    
3
    

-2
   
⎤
 
 
 �   

⎦
  46.  

⎡
 
 
 ⎢   

⎣
     

1
    

-  1 __ 
2
  
   

-4
    

3
   
⎤
 
 
 �   

⎦
 

 Write the matrix equation for the system and solve.

 47.
⎧
  ⎨  

⎩
  
 4x + 2y = 12

          
6x - y = -2

   48.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
  
  
 
  1 _ 
3

  x + 2y = -3
          

y - 4 = -2x
   49.

⎧
  ⎨  

⎩
  
 3x + 3y = 12

          
2x + 9.5 = 5y

 

 Write the augmented matrix for each system of equations.

 50.
⎧
  ⎨  

⎩
  
 2x + 8 = 5y

        
3y - 7 = 12x

  51.  
⎧
 
 
 ⎨   

⎩
  
 9 - y = 2x

       
3y = 18

   52.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
  
  2x + 9y = 10

  
      

   3x - z = 8         

5z + 5 = 13y

   53.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
  
  4 - 5y = 8x

 
      

   13x + 12 = z          

4z - 2y = 0

  

 Write the augmented matrix and use row reduction to solve.

 54.  
⎧
  ⎨  

⎩
  
 4x - 2y = 26

          
x + 6y = -13

  55.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
     
 8x -   1 _ 

2
   = -3y

          
4y - 8 = 4x

   56.  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
    
6x +   1 _ 

2
  y = 6
        

y + 14x = 12
  57.  

⎧
 
 
 ⎨   

⎩
  
12x + y = -6

          
2y - 2x = 14
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Chapter 5  Skills Practice

Graph each function by using a table.

 1. f  (x)  =   1 _ 
2

    x  2  - 4 2. f  (x)  = 2 x  2  - x + 3 3. f  (x)  = - x  2  - 3x

 Using the graph of f (x)  =  x  2  as a guide, describe the transformations, and then 
graph each function.

 4. g  (x)  =   (x + 2)  2  + 1 5. g  (x)  = -2 x  2  6. g  (x)  =   1 _ 
4

    x  2 

 Use the description to write each quadratic function in vertex form.

 7. The parent function f  (x)  =  x  2  is vertically stretched by a factor of 3 and translated 
6 units right to create g.

 8. The parent function f  (x)  =  x  2  is reflected across the x-axis and translated 12 units 
down to create g.

 Identify the axis of symmetry for the graph of each function.

 9. f  (x)  = 2 x  2  + 1 10. f  (x)  =   (x + 3)  2  - 5 11. f  (x)  = 3  (x - 2)  2 

 For each function, (a) determine whether the graph opens upward or downward, 
(b) find the axis of symmetry, (c) find the vertex, (d) find the y-intercept, and 
(e) graph the function.

 12. f  (x)  = 2 x  2  - 4x + 5 13. f  (x)  = -  1 _ 
2

    x  2  - 2x + 3 14. f  (x)  = - x  2  - 8x - 6

 Find the minimum or maximum value of each function. Then state the domain and 
range of the function.

 15. f  (x)  = 3 x  2  + 60x + 294 16. f  (x)  = -2 x  2  + 28x - 95 17. f  (x)  = 2 x  2  + 14x + 30

 Find the zeros of each function by using a graph and a table.

 18. f  (x)  =  x  2  + 5x + 6 19. f  (x)  =  x  2  - 3x - 28 20. f  (x)  = - x  2  + 12x - 20

 Find the zeros of each function by factoring.

 21. f  (x)  =  x  2  + 2x - 35 22. f  (x)  =  x  2  - 8x - 9 23. f  (x)  = 2 x  2  - 9x

 24. f  (x)  =  x  2  + 10x + 25 25. f  (x)  =  x  2  - 49 26. f  (x)  =  x  2  - 12x + 36

 Write a quadratic function in standard form for each given set of zeros.

 27. 5 and 8 28.  -3 and 1 29. 6 and 6 30. 12 and 0

 Solve each equation.

 31. 4 x  2  - 10 = 90 32.  x  2  + 8x + 16 = 10 33.  x  2  + 4x + 4 = 8

 Complete the square for each expression. Write the resulting expression as a 
binomial squared.

 34.  x  2  - 16x +  35.  x  2  + 22x +  36.  x  2  + 7x +

 Solve each equation by completing the square.

 37.  x  2  + 8x = -10 38.  x  2  - 12x = 13 39.  x  2  + 20 = 10x

 40. 2 x  2  + 12x = 14 41. 3 x  2  - 18 = 48x 42.  x  2  - 5 = 2x

 Write each function in vertex form, and identify its vertex.

 43. f  (x)  =  x  2  - 2x + 17 44. f  (x)  =  x  2  + 4x - 8 45. f  (x)  = 4 x  2  - 24x + 31
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Chapter 5  Skills Practice

Express each number in terms of i.

 46. 2  √ �� -81   47. -  √ ��� -144   48.   √ ��� -128   49. 5  √ �� -48  

 Solve each equation.

 50. 169 +  x  2  = 0 51. 2 x  2  = -200 52.  x  2  = -90

 Find the zeros of each function.

 53. f  (x)  =  x  2  + 8x + 20 54. f  (x)  =  x  2  - 14x + 65 55. f  (x)  =  x  2  - 2x + 46

 Find each complex conjugate.

 56. 12i 57. 3 - 6i 58. 10i - 3 59. 2  √ � 7   - 10i

 Find the zeros of each function by using the Quadratic Formula.

 60. f  (x)  =  x  2  - 10x + 3 61. f  (x)  = 2 x  2  + 5x + 1 62. f  (x)  =  -x  2  + 8x - 3

 63. f  (x)  =  x  2  - 6x + 40 64. f  (x)  =  x  2  + 7x + 13 65. f  (x)  = 2 x  2  - 9x + 25

 Find the type and number of solutions for each equation.

 66.  x  2  + 8x = -16 67.  x  2  + 3 = 10x 68. 5 + 2 x  2  = 12x 69. 4 x  2  + 2x = -9

 Graph each inequality.

 70. y ≥   (x + 3)  2  + 2 71. y < 2 x  2  - 4x - 1 72. y < - x  2  + 11x - 24

 Solve each inequality.

 73.  x  2  + 13x + 20 < -2 74.  x  2  - 11x ≥ -10 75.  x  2  + 6x + 3 > 10

 76.  x  2  - 2x - 20 > 28 77. 2 x  2  - 9x ≤ 5 78. 3 x  2  + 1 ≥ 4x

 Determine whether each data set could represent a quadratic function. Explain.

 79. x 3 4 5 6 7

y -2 -5 -6 -5 -2

80. x -2 -1 0 1 2

y -5 2 3 4 11

 81. x -6 -5 -4 -3 -2

y 19 10 7 10 19

 Write a quadratic function that fits each set of points.

 82.   (-2, 0) ,  (1, 6) , and  (3, -10)  83.  (-4, -25) ,  (0, -9) , and  (2, 5) 

 Graph each complex number.

 84. -3 85. 2i 86. 2 + 4i 87. -3 - 3i

 Find each absolute value.

 88.  ⎪6 + 9i⎥  89.  ⎪-3 + 4i⎥  90.  ⎪-7i⎥ 

 Simplify. Write the result in the form a + bi.

 91.  (3 + 7i)  +  (-2 + 3i)  92.  (-9 - 4i)  +  (5 + i)  93.  (10 + 6i)  -  (3i - 12) 

 94. -3i (9 - 2i)  95.  (2 - i)  (4 + 3i)  96.  (6 + 4i)  (4 - 5i) 

 97.   11 + 3i _ 
2 + i

   98.   -44 - 40i _ 
-8 + 2i

   99.   5 + 12i _ 
3 + 2i
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 Identify the degree of each monomial.

 1. 7 x  2  2. -12x 3. 2 x  3  y  3  4. 8

 Rewrite each polynomial in standard form. Then identify the leading coefficient, 
degree, and number of terms. Name the polynomial.

 5. 5 x  2  + 6 + 9x - 10 x  3  6. 3 - 12 x  4  - 6 x  2  7. 14x + 15 x  5 

 Add or subtract. Write your answer in standard form.

 8.  (12 x  2  + 4x - 9)  +  (3 x  3  - 7 x  2  - 1)  9.  (34 + 8 x  3  - 9 x  2 )  -  (3 x  3  + 10 x  2  - 4x - 4) 

 Graph each polynomial function on a calculator. Describe the graph, and identify 
the number of real zeros.

 10. f  (x)  = 5 x  3  + 4x - 6 11. g  (x)  = 2 x  4  - 12x + 3 12. h  (x)  = 3 x  3  - 4x + 1

 Find each product.

 13. 3ab (2 a  2  - 5ab + 9b)  14. -5c d  3  (8d + 3c -  c  2 d)  15.  (x + 3)  (2 x  2  - x + 6) 

 16.  (2x - 1)  ( -x  2  + 5x + 5)  17.   (2x + 6)  3  18.   (y - 2)  4 

 Expand each expression.

 19.   (x - y)   5  20.   (y + 4)  4  21.   (2x + y)  5  22.   (x - 2y)  4 

 Divide by using long division.

 23.  (6 x  2  + 7x - 2)  ÷  (x + 4)  24.  (2 x  2  - 9x + 10)  ÷  (2x - 1) 

 Divide by using synthetic division.

 25.   (3 x  3  + 4 x  2  - 8)  ÷   (x - 2)  26.  (2 x  3  + 3 x  2  - 6x - 4)  ÷  (x - 1) 

 Use synthetic division to evaluate the polynomial for the given value.

 27. P (x)  = -2 x  3  + 7 x  2  - 3x - 9 for x = -2 28. P (x)  = 6 x  3  - 7 x  2  + 10 for x = 0.5

 Determine whether the given binomial is a factor of the polynomial P (x) .

 29.  (x + 2) ; P (x)  = 3 x  3  + 11 x  2  + 2x - 16 30.  (x - 4) ; P (x)  = 12 x  3  + 9 x  2  - 2x + 8

 31.  (x + 1) ; P (x)  =  x  4  - 3 x  3  + 10x + 4 32.  (x - 3) ; P (x)  =  x  3  - 3 x  2  - 4x + 12

 Factor each expression.

 33. 2 x  3  + 12 x  2  - 4x - 24 34. 2 x  3  + 5 x  2  - 18x - 45 35. 4 x  3  + 12 x  2  + 12x + 36

 36.  a  3  + 27 37. 128b - 2 b  4  38. 4 c  5  + 32 c  2 

 Solve each polynomial equation by factoring.

 39. 2 x  3  + 3 x  2  - 8x - 12 = 0 40. -3 x  3  + 3 0x  2  + 5x - 50 = 0

 Identify the roots of each equation. State the multiplicity of each root.

 41.  x  3  + 15 x  2  + 75x + 125 = 0 42.  x  3  - 2 x  2  - 32x + 96 = 0

43. 8 x  3  - 12 x  2  + 6x - 1 = 0 44. 4 x  3  + 1 6x  2  - 25x - 100 = 0

 Identify all of the real roots of each equation.

 45. 2 x  4  -  x  3  - 14 x  2  - 5x + 6 = 0 46. 6 x  3  - 11 x  2  - 19x - 6 = 0
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 Write the simplest polynomial function with the given zeros.

 47. -1, 1, 4 48. -3,   1 _ 
2

  ,   1 _ 
3

   49. -3, 1,   2 _ 
3

   50. -5, 1, 2

 Solve each equation by finding all roots.

 51.  x  4  - 5 x  3  + 1 5x  2  - 45x + 54 = 0 52. 2 x  4  + 5 x  3  - 10 x  2  + 10x + 8 = 0

 Write the simplest polynomial function with the given zeros.

 53. 3,   √ � 5   54. 1 + i, 2 55. -2, 2i 56. 1,   √ � 2  , i

 Identify the leading coefficient, degree, and end behavior.

 57. P (x)  = 7 x  3  - 12 x  2  + 9x - 10 58. Q (x)  = -3 x  5  + 8 x  4  - 16x + 1 

 Identify whether the function graphed has an odd or even degree and a positive or 
negative leading coefficient.

 59.  60.  61.

 Graph each function.

 62. Q (x)  = -4 x  3  - 12 x  2  + x + 3 63. R (x)  = 2 x  4  +  x  3  - 19 x  2  - 9x + 9

 Graph each function on a calculator, and estimate the local maxima and minima.

 64. S (x)  = -2 x  4  +  x  3  + 5 x  2  + 6 65. T (x)  =  x  3  + 5 x  2  + 3x + 1

 For f  (x)  = 2 x  3  - 3, write the rule for each function and sketch the graph.

 66. g  (x)  = f  (x)  + 6 67. h  (x)  = f  (x - 2)  68. j  (x)  = f  (-x)  69. k  (x)  =   1 _ 
2

   f  (x) 

 Let f  (x)  = -3 x  4  + 2 x  2  - 7x + 10. Write a function g that performs each 
transformation.

 70. Reflect f  (x)  across the y-axis. 71. Reflect f  (x)  across the x-axis.

 Let f  (x)  =  x  3  - 7 x  2  + 5. Graph f and g on the same coordinate plane. Describe g as a 
transformation of f.

 72. g  (x)  = f  (x + 4)  73. g  (x)  = -2f  (x)  74. g  (x)  = f  (-x)  - 3

 Write a function that transforms f  (x)  = 3 x  3  - 5 x  2  + x + 1 in each of the following 
ways. Support your solution by using a graphing calculator.

 75. Stretch vertically by a factor of 3 and move 1 unit to the right.

 76. Reflect across the y-axis and move 1 unit down.

 Use finite differences to determine the degree of the polynomial that best describes the data.

 77. x -2 -1 0 1 2 3

y -24 -4 6 12 20 36

 78. x -2 -1 0 1 2 3

y -27 0 9 12 69 288
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 Tell whether the function shows growth or decay. Then graph.

 1. f  (x)  = 12  (2.4)  
x
  2. f  (x)  = 20  (  4 _ 

5
  )  

x

  3. f  (x)  = 0.25  (5)  
x
 

 Explain whether each function is exponential.

 4. f  (x)  = 4 x  9  5. f  (x)  = 0. 6  x  6. f  (x)  = 10  (0)  
x
 

 Graph the relation and connect the points. Then graph the inverse. Identify the 
domain and range of each relation.

 7. x   1 2 3 4

y -1 0 2 4

 8. x -3 -1   2   4

y -3 -1 -1 -3

 Use inverse operations to write the inverse of each function.

 9. f  (x)  = 15x 10. f  (x)  = x + 9 11. f  (x)  =   x _ 
7

  

 12. f  (x)  = 3x + 2 13. f  (x)  = 5 -   3 _ 
4

   x 14. f  (x)  =   2x + 1 _ 
5

  

 Graph each function. Then write and graph its inverse.

 15. f  (x)  = 2x + 4 16. f  (x)  = 0.8x + 1 17. f  (x)  =   4x - 5 _ 
3

  

 Write each exponential equation in logarithmic form.

 18.  3  5  = 243 19. 5 1  0  = 1 20. 1 6  1.5  = 64 21.  7  x  = 343

 Write each logarithmic equation in exponential form.

 22. lo g  64 512 = 1.5 23. lo g  2 0.125 = -3 24. lo g  4 x = 70 25. lo g  x 12 = 3

 Evaluate by using mental math.

 26. lo g  10 1000 27. lo g  5 0.2 28. lo g  0.5 0.125 29. lo g  1.1 1.21

 Use the given x-values to graph each function. Then graph its inverse. Describe the 
domain and range of the inverse function.

 30. f  (x)  =  4  x ; x = -2, -1, 0, 1, 2 31. f  (x)  = 0. 2  x ; x = -2, -1, 0, 1, 2

 Express as a single logarithm. Simplify, if possible.

 32. lo g  2 10 + lo g  2 12.8 33. lo g  4 8 + lo g  4 2 34. lo g  5 1.25 + lo g  5 4

 35. lo g  6 144 - lo g  6 4 36. log10,000 - log100 37. lo g  8 8 - lo g  8 1

 Simplify, if possible.

 38. lo g  8 6 4  4  39. lo g  7 4 9  5  40. lo g  9  1  4 

 41. lo g  3  3  5x+8  42.   4  lo g 4   12  43. lo g  1.4 1. 4  5 

 Evaluate.

 44. lo g  4 256 45. lo g  4  (  1 _ 
64

  )  46. lo g  3 7 47. lo g  4 13
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Chapter 7  Skills Practice

 Solve and check.

 48.  3  x+1  =  9  4  49. 3 2  x-2  =  8  x  50.  9  x  = 12 51. 3. 5  2x-1  = 15

 Solve.

 52. lo g  6  (4x - 9)  = lo g  6  (x)  53. lo g  7  (10x + 13)  = 3 54. log (20x)  - log4 = 2

 55. lo g  9  x  3  = 8 56. log x + log (2x - 1)  = 1 57. lo g  3  (  2 _ x  )  + 2 = 0

 Use a table and a graph to solve.

 58.  3  4x-3  = 243 59.  3  x  4  x  ≥ 1728 60. log  x  3  = x - 94 61. 3log  x  2  < 6

 Graph.

 62. f  (x)  =  e  x  - 1 63. f  (x)  = -2 e  x  + 3 64. f  (x)  = 2 -  e  -x  65. f  (x)  = 1.5 e  x+1 

 Simplify.

 66. ln  e   20  67. ln  e  2x+10  68.  e   ln 5 x  2   69.  e  2 ln 2x 

 Make a table of values and graph each function. Describe the asymptote, 
the domain, and the range. Tell how the graph is transformed from the graph 
of f  (x)  =  4  x .

 70. g  (x)  =  4  x  - 2 71. h  (x)  =  4  x+2  72. j  (x)  =  4  x-1  - 4

 Graph each exponential function. Find the y-intercept, the asymptote, the 
domain, and the range. Describe how the graph is transformed from the graph 
of its parent function.

 73. g  (x)  = -  1 _ 
2

   ( 3  x )  74. h  (x)  = 3 ( 2  -x )  75. j  (x)  = 5 e  x+1 

 Graph each logarithmic function. Find the asymptote. Then describe how the graph 
is transformed from the graph of its parent function.

 76. g  (x)  = -4 log x 77. h  (x)  = 3 ln (3 - x)  78. j  (x)  = ln (0.5x)  - 3

 Write each transformed function by using the given parent function and the 
indicated transformations.

 79. The parent function f  (x)  =  6  x  is horizontally stretched by a factor of 3 and translated 
4 units to the left.

 80. The parent function f  (x)  = log x is vertically compressed by a factor of   1 _ 
5

  , reflected 
across the y-axis, and translated 10 units down.

 Determine whether f  is an exponential function of x. If so, find the constant ratio.

 81. x -2 -1 1 2 3

y 0.4 2 10 50 250

82. x -2 -1 0 1 2

y -17 -2 13 28 43

 83. x -2 -1 0 1 2

y 4 2 1 0.5 0.25

84. x -2 -1 0 1 2

y -6 1 12 37 54
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Chapter 8  Skills Practice

Given: y varies directly as x. Write and graph each direct variation function.

 1. y = 8 when x = 2 2. y = 21 when x = 3 3. y = 4 when x = 2.5

 Given: y varies inversely as x. Write and graph each inverse variation function.

 4. y = 4 when x = 2 5. y = 4 when x =   1 _ 
2

   6. y =   3 _ 
5

   when x = 10

 Determine whether each data set represents a direct variation, an inverse variation, 
or neither.

 7. x 1 3 6

y 2.5 7.5 15

 8. x 2 4 8

y 6 10 18

 9. x 2 8 20

y 5 1.25 0.5

 Simplify. Identify any x-values for which the expression is undefined.

 10.   6 x  3  __ 
27 x  2  + 12x

   11.    x  2  - x - 2 _ 
3x - 6

   12.    - x  2  + 16 __  
- x  2  - 9x - 20

  

 Multiply or divide. Assume that all expressions are defined.

 13.   
4x y  3 

 _ 
5 x  2 

   ·    
20 x  3  y  2 

 _ 
-16x y  7 

   14.    x  2  - 9 _ 
2x + 10

   ·   x + 5 _ 
x - 3

   15.   x - 4 _ 
2 x  2 

   ·   x __ 
 x  2  - x - 12

  

 16.   3 x  3  _ 
4x + 4

   ÷   9x _ 
x + 1

   17.   
12 x  3  y  6 

 _ 
9xy

   ÷   
6 y  2 

 _ 
3x

   18.    x  2  - 16 __ 
 x  2  + 4x + 3

   ÷   x - 4 _ 
x + 1

  

 Find the least common multiple for each pair.

 19. 6 x  3 y and 2x y  2  20.  x  2  + 5x and  x  2  - 25 21.  x  2  - 3x - 18 and  x  2  - 5x - 6

 Add or subtract. Identify any x-values for which the expression is undefined.

 22.   x + 9 _ 
2x + 1

   +   3x + 6 _ 
2x + 1

   23.   2 _ 
x + 3

   +   4x _ 
 x  2  - 9

   24.   1 __ 
x  2  + 6x + 8

   +   1 __  
 x  2  - 6x - 16

  

 25.   x - 6 _ 
x + 5

   -   8x + 7 _ 
x + 5

   26.   x _ 
x + 1

   -   3 _ 
x + 4

   27.   7 _ 
x - 9

   -   2x - 6 __  
 x  2  - 13x + 36

  

 Simplify. Assume that all expressions are defined.

 28.   
3x ______ 

3x + 21
  
 _ 

  9 x  2  ____ x + 7  
   29.   

  x ____ 
x - 1

  
 _ 

  10 x  2  ______ -4x + 4  
   30.   

  1 ____ 
x - 2

  
 _ 

  x + 3 _____ 
 x  2  - 4

  
  

 Using the graph of f  (x)  =   1 _ x   as a guide, describe the transformation and graph each 
function.

 31. g  (x)  =   1 _ 
x - 4

   32. g  (x)  =   1 _ x   + 6 33. g  (x)  =   1 _ 
x + 2

   - 5

 Identify the zeros and asymptotes of each function. Then graph.

 34. f  (x)  =    x  2  - 5x - 24  __ 
2x + 1

   35. f  (x)  =   2 x  2  - 3x - 2  __ 
x - 4

   36. f  (x)  =   -3 x  2  + 8x - 4  __ 
 x  2  - 25

  

 Identify holes in the graph of each function. Then graph.

 37. f  (x)  =    x  2  - 4x - 21  __ 
x + 3

   38. f  (x)  =    x  2  - 4x - 5 __ 
 x  2  - 25

   39. f  (x)  =    x  2  - 3x _ 
4x - 12
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Chapter 8  Skills Practice

 Solve each equation.

 40. 12 +   2 _ 
3x

   = 6 41. x -   1 _ x   =   35 _ x   42.   x _ 
x + 1

   +   x _ 
4

   =   3x _ 
4x + 4

  

 43.   x - 1 _ 
x - 4

   =   x + 6 _ x   44.   6x _ 
x + 5

   =   2x - 20 _ 
x + 5

   45.   4 _ 
x - 4

   =   -x _ 
x - 4

   +   x _ 
2

  

 Solve each inequality by using a graph and a table.

 46.   2x + 1 _ x   ≥ 3 47.   4 _ 
x + 3

   < 2 48.   x - 4 _ 
2x

   ≥ 2

 Solve each inequality algebraically.

 49.   3 _ 
x + 2

   ≤ 1 50.   10 _ 
x - 2

   < 2 51.   15 _ 
x + 3

   ≤ 1

 Simplify each expression. Assume all variables are positive.

 52.   
3
 √ ��� 343 x  9    53.   5 √ 

��
    x  5  _ 

32
     54.   

4
 

√ 
��

   
 x  8  y  4 

 _ 
10

    

 Write each expression in radical form, and simplify.

 55. 8 1  
  3 _ 
2

  
  56. 24 3  

  2 _ 
5

  
  57.   (-8)  

  4 _ 
3

  
 

 Write each expression using rational exponents.

 58.   
5
 √ �� 1 0  2    59.   

4
 √ �� 1 7  3    60.   (  5 √ � 8  )  

3
  

 Simplify each expression.

 61.  8  
  1 _ 
2

  
  ·  8  

  5 _ 
2

  
  62.    4  

  7 _ 
2

  
  _ 

 4  
  1 _ 
2

  
 

   63.   (10 0  
  1 _ 
2

  
 )  

3

 

 Graph each function, and identify its domain and range.

 64. f  (x)  =   √ ��� x - 4   + 1 65. f  (x)  = -  1 _ 
2

     √ � x   66. f  (x)  = 2   3 √ ��� x + 2  

 Using the graph of f  (x)  =   √ � x   as a guide, describe the transformation and graph 
each function.

 67. g  (x)  =   √ ��� x - 8   68. g  (x)  = -6  √ � x   69. g  (x)  =   1 _ 
3

     √ � x   + 2

 Graph each inequality.

 70. y ≥   √ ��� x + 2   - 3 71. y < 2   √ �� -x   72. y > -4   3 √ � x   + 4

 Solve each equation.

 73.   √ ��� 2x + 10   = 10 74.   √ ��� 4x + 4   = 2  √ ��� 4x - 9   75. 3   3 √ � x   =   3 √ ��� 7x + 40  

 76.   √ ��� 2x + 48   = x 77. 2x + 5 =   √ ��� 4x + 10   78. x + 6 =   √ ��� 4x + 21  

 79.   (3x - 5)  
  1 _ 
2

  
  = 4 80.   (x - 4)  

  1 _ 
3

  
  = -2 81.   (8x - 7)  

  1 _ 
2

  
  = x

 Solve each inequality.

 82.   √ ��� x - 7   < 3 83.   √ ��� 3x + 1   + 2 ≤ 6 84.   √ ��� 2x - 3   > 5
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Chapter 9  Skills Practice

 Match each situation to its corresponding graph. Sketch a possible graph of the 
situation if the situation does not match any of the given graphs.

   

 1. A state senator’s high approval rating is rising steadily but then drops sharply 
after a scandal.

 2. The value of an antique chair increases steadily.

 3. Sales of a valuable stock dip and then recover.

 4. A scuba diver descends to 60 ft below sea level and swims around at that depth.

 Create a table and a verbal description to represent each graph.

 5.  6. 

 Evaluate each piecewise function for x = -2 and x = 5.

 7. f  (x)  =  
 ⎧       � 
 
 
 ⎨   

 �       ⎩ 
   
10

 
 

  7   

 3

    
  if x ≤ -4

 
      

   if -4 < x ≤ 2          

if x > 2

   8. g  (x)  =  
⎧
 
 
 ⎨   

⎩
   x + 2

     
4 - x

   
if x < 0

     
if x ≥ 0

  9. h  (x)  =  
⎧
 
 
 ⎨   

⎩
    x  2  - 3

     
x + 1

    
if x ≤ 2

     
if x > 2

 

 Graph each function.

 10. f  (x)  =  
⎧
 
 
 ⎨   

⎩
   4    
-1

   
 if x < -1

      
if x ≥ -1

   11. g  (x)  =  
⎧
 
 
 ⎨   

⎩
   2x - 4

      
-2x + 2

   
if x ≤ 2

     
if x > 2

  12. h  (x)  =  
⎧
 
 
 ⎨   

⎩
   2     
 x  2  - 7

   
if x < 3

     
if x ≥ 3

 

 Given f  (x)  =  
⎧
 
 
 ⎨   

⎩
   2x - 2

     
-3x

    
 if x < 1

      
if x ≥ 1

  , write the rule for each function.

 13. g  (x) , a vertical stretch by a factor of 3 14. h  (x) , a reflection across the y-axis

 Identify the x- and y-intercepts of f  (x) . Without graphing g  (x) , identify its 
x- and y-intercepts.

 15. f  (x)  = -3x + 6 and g  (x)  = f  (-2x)   16. f  (x)  =   (x - 3)   2  and g (x)  = -2f  (x)  
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Chapter 9  Skills Practice

 Given f  (x) , graph g  (x) .

 17. f  (x)  =   1 _ 
2

   x - 4 and g  (x)  = f  (-x)  + 2 18. f  (x)  =  ⎪x + 2⎥  and g  (x)  =   1 _ 
2

   f  (x - 1)  - 4

 Given f  (x)  = -2x + 5 and g  (x)  = 4 x  2  - 11, find each function.

 19.  (f + g)  (x)  20.  (f - g)  (x)  21.  (g - f )  (x) 

 Given f  (x)  = x - 3 and g  (x)  =  x  2  + 3x - 18, find each function.

 22.  (fg)  (x)  23.  (  
f
 _ g  )  (x)  24.  (  

g
 _ 

f
  )  (x) 

 Given f  (x)  =   1 _ 
2

   x + 5 and g (x)  = -2 x  2 , find each value.

 25. f   (g  (2) )  26. g  ( f  (2) )  27. g  ( f  (-6) ) 

 Given f (x)  =   √ � x  , g (x)  = 2x + 3, and h (x)  =  x  2  + 20, write each composite function. 
State the domain of each.

 28. f  (g  (x) )  29. g  ( f  (x) )  30. g  (h (x) ) 

 Use the horizontal-line test to determine whether the inverse of each relation is a function.

 31.  32.  33.

 Find the inverse of each function. Determine whether the inverse is a function, and 
state its domain and range.

 34. f  (x)  =   1 _ 
2

   x - 7 35. g  (x)  = 10 -  x  2  36. h  (x)  =   3 _ 
4 + x

  

 Determine by composition whether each pair of functions are inverses.

 37. f  (x)  =   3 _ 
4

    x  2  and g  (x)  =  √ ��   4 _ 
3

   x   for x ≥ 0 38. f  (x)  =   12x + 1 _ 
5

   and g  (x)  =   5 _ 
12x - 1

  

 Use constant differences or ratios to determine which parent function would best 
model the given data set.

 39.
x y

1 6

3 -12

5 -30

7 -48

9 -66

 40. 
x y

2 -3

4 6

6 21

8 42

10 69

 41.
x y

0 0.5

1 2

2 8

3 32

4 128

Lesson

9-4

Lesson

9-5

Lesson

9-6

Extra Practice S21
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Graph each equation on a graphing calculator. Identify each conic section. Then 
describe the center and intercepts.

 1. 4 x  2  + 16 y  2  = 64 2.  x  2  +  y  2  = 4 3. 4 x  2  + 4 y  2  = 100

 Graph each equation on a graphing calculator. Identify each conic section. Then 
describe the vertices and the direction that the graph opens.

 4.  x  2  =  y  2  + 16 5. -10 y  2  = x 6. 2 y  2  -  x  2  = 5

 Find the center and radius of a circle that has a diameter with the given endpoints.

 7.  (-2, -1)  and  (6, 3)  8.  (-4, 0)  and  (2, 8)  9.  (2, 1)  and  (8, -1) 

 Write the equation of each circle.

 10. center  (-4, 3)  and radius r = 3 11. center  (4, 6)  and radius r = 9

 12. center  (-3, 3)  and containing the  13. center  (2, -5)  and containing the 
point  (-3, 0)     point  (4, -3) 

 Write the equation of the line that is tangent to each circle at the given point.

 14.   (x + 2)  2  +   (y + 4)  2  = 25;  (-5, 0)  15.   (x - 4)  2  +  y  2  = 100;  (10, 8) 

 Find the constant sum of an ellipse with the given foci and point on the ellipse.

 16.  F  1  (0, 4) ,  F  2  (0, -4) , P (3, 0)  17.  F  1  (6, 0) ,  F  2  (-6, 0) , P (0, 8) 

 Write an equation in standard form for each ellipse with center  (0, 0) .

 18. vertex  (0, 6) , co-vertex  (5, 0)   19. co-vertex  (0, 5) , focus  (12, 0) 

 Graph each ellipse.

 20.    x  2  _ 
16

   +   
 y  2 

 _ 
49

   = 1 21.    x  2  _ 
100

   +   
 y  2 

 _ 
36

   = 1 22.   
(x - 3)  2 

 _ 
25

   +   
  (y + 2)  2 

 _ 
64

   = 1

 Find the constant difference for a hyperbola with the given foci and point on the 
hyperbola.

 23.  F  1  (-15, 0) ,  F  2  (15, 0) , P (12, 0)  24.  F  1  (0, 16) ,  F  2  (0, -16) , P (0, 10) 

 Write an equation in standard form for each hyperbola.

 25.   26. 

 Find the vertices, co-vertices, and asymptotes of each hyperbola, and then graph.

 27.    x  2  _ 
25

   -   
 y  2 

 _ 
9

   = 1 28.   
  (x - 4)  2 

 _ 
16

   -   
  (y + 2)  2 

 _ 
4

   = 1 29.   
(y - 2)  2 

 _ 
9

   -   (x - 2)  2  = 1
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Chapter 10  Skills Practice

 Use the distance formula to find the equation of a parabola with the given focus 
and directrix.

 30. F  (8, 0) , x = -8 31. F  (0, 9) , y = -9 32. F  (-2, 0) , x = 4

 Write the equation in standard form for each parabola.

 33.  34.  35.

 Find the vertex, value of p, axis of symmetry, focus, and directrix of each parabola.

 36. y =   1 _ 
20

     (x - 1)  2  37. x = -  1 _ 
12

     (y + 4)  2  38. y - 5 =   1 _ 
26

     (x + 3)  2 

 Identify the conic section that each equation represents.

 39.   
(x + 9)  2 

 _ 
144

   +   
 (y - 2) 

 _ 
81

   = 1 40.  x  2  +   (y - 7)  2  = 81 41. x + 3 =   1 _ 
6

     (y - 6)  2 

 42. 4 x  2  + 8xy + 5 y  2  + 3x + 7 = 0 43. -2 x  2  + 8xy - 8 y  2  + 20x = 0

 Find the standard form of each equation by completing the square. Then identify 
and graph each conic.

 44. 4 x  2  + 9 y  2  - 8x + 72y + 112 = 0 45. -4 x  2  +  y  2  + 16x - 4y - 28 = 0

 Solve each system of equations by graphing.

 46.

⎧
  �     ⎨   �  

⎩
 
  
  (x - 3)  2 

 _ 
25

   +   
  (y + 2)  2 

 _ 
64

   = 1
          
5y + 8x = -26

47.
 
⎧
 
 
 �       ⎨ 

    
 
 �   

⎩
 

 y = -  1 _ 
2

    x  2  + 3
      

y =   1 _ 
2

   x - 7

 48.
⎧
  ⎨  

⎩
  
   (x + 1)  2  +   (y + 4)  2  = 16

              
x - y = 7

   49.  
⎧
 
 
 ⎨   

⎩
  
 16 x  2  + 25 y  2  = 400

            
20y = 3 x  2 

  

 Solve each system of equations by using the substitution method.

 50.
⎧
⎨
⎩

  x  2  +  y  2  = 100
      
y = 3x - 10

51.
⎧ 
⎨ 
⎩

 4 x  2  - 16 y  2  = 64
       
2y + 12 = 3x

52.
⎧
⎨
⎩

  x  2  +  y  2  = 36
        
36 x  2  + 49 y  2  = 1764

 Solve each system of equations by using the elimination method.

 53.
⎧
  ⎨  

⎩
  
  x  2  +  y  2  = 18

          
 x  2  -  5y  2  = -36

  54.  
⎧
 
 
 ⎨   

⎩
  
 3 x  2  + 2 y  2  = 98

           
9 x  2  + 4 y  2  = 244

  55.
⎧
  ⎨  

⎩
  
 4 x  2  + 6 y  2  = 118

           
2 y  2  - 2 x  2  = -14
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 1. When text messaging on a telephone, pressing a 3 types D, E, F, or 3. Pressing 
a 7 types P, Q, R, S, or 7. How many messages are possible by pressing a 3, a 7, 
and then a 3?

 2. At a company, each employee has an ID that consists of 2 digits followed by a 
letter. The letters Q and X are not used. How many employee IDs are possible?

 3. If there are 8 finalists in a talent show, how many ways can a winner and a 
runner-up be chosen?

 4. Jim’s soccer team has 18 members. How many ways can the coach choose a 
right forward, a center forward, and a left forward?

 5. Erin’s health club offers 7 types of aerobics classes. She plans to attend 
4 classes this week. How many ways can she choose 4 classes that are all 
different?

 6. Francesca can take 4 of her 14 books on a trip. How many ways can she 
choose them?

 Two number cubes are rolled. Find each probability.

 7. Both cubes roll the same number. 8. The sum is greater than 8.

 9. The sum is 8 or less.   10. Both cubes roll even numbers.

 11. What is the probability that a random 2-digit number is a multiple of 7?

 12. What is the probability that a randomly selected day in January is after the 20th?

 13. A mother is making different lunches for each of her 3 children. If each child grabs 
a lunch bag at random, what is the probability that all 3 children will get the 
correct bag?

 14. A teacher writes MATHEMATICS on a piece of paper and then cuts out each 
letter and puts them all in a bag. She will draw two letters at random. What is the 
probability that she will select an M and an A?

 The shaded region is vertically centered 
in the flag. Find each probability. 

 15. a random point inside the flag is in the 
shaded region

 16. a random point inside the flag is above 
the shaded region

A marble is drawn from a bag and then  Marble Drawing Experiment

Color Times Drawn

Pink 12

Green 10

Blue 16

Yellow 12

its color is recorded in the table.

 17. Find the experimental probability of 
drawing a blue marble.

 18. Find the experimental probability of 
drawing a pink or a yellow marble.
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 Find each probability.

 19. rolling a number greater than or equal to 4 on a number cube twice in a row

 20. drawing a face card from a deck, replacing it, and drawing a number card

21. Two number cubes are rolled—one blue and one yellow. Find the probability that 
the yellow cube is even, and the sum is 7. Explain why the events are dependent.

The table shows the results of a schoolwide survey on the   Homecoming Dance Location Survey

Girls Boys

Gymnasium 67 58

Cafeteria 53 37

homecoming dance. Find each probability.

 22. A student who prefers the cafeteria is a girl.

 23. A surveyed student is male and prefers the gymnasium.

 A bag contains 18 beads—5 blue, 6 yellow, and 7 red. Determine whether the events 
are independent or dependent. Find the indicated probability.

 24. selecting a yellow and then a blue bead when they are chosen with replacement

 25. selecting a yellow and then a blue bead when they are chosen without replacement

26. A table was chosen at random in the cafeteria, and there were 2 freshmen, 
5 sophomores, 7 juniors, and 2 seniors eating there. A student is chosen at random 
from the table. What is the probability of choosing a freshman or a senior?

 The numbers 1–20 are written on cards and placed in a bag. Find each probability.

 27. choosing a number less than 10 or choosing a multiple of 5

 28. choosing 20 or choosing an odd number

 29. In an apartment building with 50 residents, 16 residents have cats, 28 residents are 
students, and 9 of the students have cats. What is the probability that a resident is a 
student or has a cat?

 30. There are 8 couples in a dance competition, and each of the 3 judges must pick the 
couple they believe should win. Suppose the judges picked randomly. What is the 
probability that at least 2 judges picked the same couple?

 Find the mean, median, and mode of each data set.

 31.  
⎧
  ⎨  

⎩
 3, 7, 8, 2, 8, 4 

⎫
 
 
 ⎬   

⎭
  32.  

⎧
 
 
 ⎨   

⎩
 12, 9, 8, 15, 16, 12, 13 

⎫
 
 
 ⎬   

⎭
  33.  

⎧
  ⎨  

⎩
 7, 31, 20, 12, 18 

⎫
 
 
 ⎬   

⎭
 

 34. Find the expected value of the raffle prize. Raffl e Prizes

Value $0 $5 $20 $200

Probability 0.76 0.16 0.06 0.02
 Make a box-and-whisker plot of the 

data. Find the interquartile range.

 35.  
⎧
  ⎨  

⎩
 3, 5, 7, 6, 5, 2, 3 

⎫
 
 
 ⎬   

⎭
  36.  

⎧
 
 
 ⎨   

⎩
 12, 15, 18, 10, 9, 15, 16 

⎫
 
 
 ⎬   

⎭
 

 Find the variance and standard deviation.

 37.  
⎧
  ⎨  

⎩
 8, 12, 10, 6, 9 

⎫
 
 
 ⎬   

⎭
  38.  

⎧
 
 
 ⎨   

⎩
 14, 15, 10, 8, 12, 13 

⎫
 
 
 ⎬   

⎭
  39.  

⎧
  ⎨  

⎩
 6, 33, 37, 28, 1 

⎫
 
 
 ⎬   

⎭
 

 Use the Binomial Theorem to expand each binomial.

 40.   (x + 4)  5  41.   (2x - 3)  4  42.   (2a + 7b)  3 

 43. Patrick takes a multiple-choice quiz that has 4 questions. There are 5 answer choices 
for each question. What is the probability that he will get at least 2 answers correct 
by guessing?
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 Find the first 5 terms of each sequence.

 1.  a  1  = 16,  a  n  = 0.25 a  n-1    2.  a  1  = -1,  a  n  = 3 a  n-1  + 1

 3.  a  1  = 2,  a  2  = 5,  a  n  = 2 a  n-1  +  a  n-2  4.  a  n  = 5 (n - 1) 

 5.  a  n  =  3  n  - 4   6.  a  n  =   (n + 2)  2 

 Write a possible explicit rule for the nth term of each sequence.

 7. 5, 1, -3, -7, -11, ...   8. 7, 9, 13, 21, 37, ...

9.   3 _ 
4

  ,   3 _ 
2

  ,   9 _ 
4

  , 3,   15 _ 
4

  , ...   10. 60, 30, 15,   15 _ 
2

  , ...

 Write each series in summation notation.

 11.   1 _ 
2

   +   1 _ 
4

   +   1 _ 
6

   +   1 _ 
8

   +   1 _ 
10

     12. 0 + 3 + 8 + 15 + 24 + 35 

13. 50 + 41 + 32 + 23 + 14 + 5 14. -4 - 2 + 0 + 2 + 4

 Expand each series and evaluate.

 15.   ∑ 
k=1

 
  5

  (12k - 7)   16.   ∑ 
k=1

 
  4

   
  (2k)  2 

 _ 
2

    17.   ∑ 
k=1

 
    5

   k - 2 _ 
k + 1

   

Evaluate each series.

 18.   ∑ 
k=1

 
 55

 k  19.   ∑ 
k=15

 
 25

 12  20.   ∑ 
k=1

  
  18

  k  2  

 Determine whether each sequence could be arithmetic. If so, find the common 
difference and the next term.

 21. 15.5, 28, 40.5, 53, 65.5, ... 22. 9.67, 9.34, 9.01, 8.68, ...

 23.   1 _ 
2

  , 2,   9 _ 
2

  , 8,   25 _ 
2

  , ...   24. 2, 4, 6, 4, 2, ...

 Find the 8th term of each arithmetic sequence.

 25. 4.5, 6, 7.5, 9, 10.5, ... 26. 74, 68, 62, 56, 50, ... 27. 5, 5   2 _ 
5

  , 5   4 _ 
5

  , 6   1 _ 
5

  , 6   3 _ 
5

  , ...

 Find the missing terms in each arithmetic sequence.

 28. 13, , , 37, ... 29. 9.5, , , , -0.5, ... 30. 10, , , , 26, ...

 Find the 9th term of each arithmetic sequence.

 31.  a  3  = 29 and  a  6  = 56   32.  a  4  = 16 and  a  7  = -2

 33.  a  10  = 30.5 and  a  14  = 38.5 34.  a  5  = 3   1 _ 
3

   and  a  7  = 2   2 _ 
3

  

 Find the indicated sum for each arithmetic series.

 35.  S  12  for 18, 21, 24, 27, 30, ... 36.  S  15  for 20, 18.5, 17, 15.5, 14, ...

 37.   ∑ 
k=1

 
   9

  (5k + 8)     38.   ∑ 
k=1

 
  20

  (-2.75k + 15)  
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Determine whether each sequence could be geometric or arithmetic. If possible, 
find the common ratio or difference.

 39. 7, 14, 28, 56, 112, ...   40. 7, 14, 21, 28, 35, ...

 41.   2 _ 
3

  , 1   1 _ 
3

  , 2   2 _ 
3

  , 5   1 _ 
3

  , 10   2 _ 
3

  , ...  42. 25.5, 31, 36.5, 42, 47.5, ...

 43. -3, 6, 21, 42, 69, ...   44. 4, 1,   1 _ 
4

  ,   1 _ 
16

  ,   1 _ 
64

  , ...

 Find the 7th term of each geometric sequence.

 45. 5, 10, 20, 40, 80, ...   46. 200, 100, 50, 25, 12.5, ...

 47. -1, 3, -9, 27, -81, ...   48. 7, 70, 700, 7000, ...

 Find the 8th term of the geometric sequence with the given terms.

 49.  a  4  = 4 ,  a  5  = 8   50.  a  4  = 16,  a  6  = 256

 51.  a  3  = 125 ,  a  5  = 5   52.  a  4  = 4,  a  7  = 864

 Find the geometric mean of each pair of numbers.

 53. 4 and 36   54.   1 _ 
4

   and   1 _ 
9

  

55. 72 and 288   56. 10 and 20

 Find the indicated sum for each geometric series.

 57.  S  8  for 5, -15, 45, -135, ... 58.  S  6  for   3 _ 
4

  , 3, 12, 48, ...

 59.   ∑ 
k=1

  
   5

  12   (2)  k-1     60.   ∑ 
k=1

  
  7

     (-4)  k-1  

 Determine whether each geometric series converges or diverges.

 61.   5 _ 
2

  ,   5 _ 
8

  ,   5 _ 
32

  ,   5 _ 
128

  , ...   62. 0.1, 0.5, 2.5, 12.5, 62.5, ...

 63. 1, 1.3, 1.69, 2.197, 2.8561, ... 64. 1, 0.7, 0.49, 0.343, 0.2401, ...

 Find the sum of each infinite geometric series, if it exists.

 65. 1.1, 1.21, 1.331, 1.4641, ... 66. 1.8, 1.62, 1.458, 1.3122, ...

 67. 7, 0.7, 0.07, 0.007, ...   68.   ∑ 
k=1

  
  ∞

    
1 _ 
2

     (  3 _ 
2

  )  
k
  

 69.   ∑ 
k=1

  
  ∞

  8   (  4 _ 
10

  )  
k
     70.   ∑ 

k=1
  

  ∞

  100   (0.95)  k  

Write each repeating decimal as a fraction in simplest form.

 71. 0. 
− 4  72. 0. 

−− 26  73. 0. 
−−− 892 

 Identify a counterexample to disprove each statement, where the variable is a 
real number.

 74. 4 a  3  ≥ 8 a  2    75.  5  2n  ≥  5  n 

76.  x  2  >   (x - 1)  2    77.  ⎪x + 1⎥  ≥  ⎪x⎥ 
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 Find the value of the sine, cosine, and tangent functions for θ.

 1.  2.  3.

Use a trigonometric function to find the value of x.

 4.  5.  6.

Find the values of the six trigonometric functions for θ.

 7. 8.  9.

Draw an angle with the given measure in standard position.

 10. -3 0  ◦  11. 24 0  ◦  12. 41 0  ◦  13. -35 0  ◦ 

 Find the measures of a positive angle and a negative angle that are coterminal with 
each given angle.

 14. θ = 2 0  ◦  15. θ = 40 0  ◦  16. θ = -12 5  ◦  17. θ = -38 5  ◦ 

 Find the measure of the reference angle for each given angle.

 18. θ = -12 0  ◦  19. θ = 17 5  ◦  20. θ = 11 0  ◦  21. θ = 38 5  ◦ 

P is a point on the terminal side of θ in standard position. Find the exact value of 
the six trigonometric functions for θ.

22. P (2, 3)  23. P (-1, 4)  24. P (-1, -1)  25. P (2, -8) 

 Convert each measure from degrees to radians or from radians to degrees.

 26. 6 0  ◦  27. -13 5  ◦  28. 9 0  ◦  29. -1 0  ◦ 

 30. -  3π
 

_ 
2

   31.   π 
_ 
10

   32.   π
 

_ 
18

   33. -  3π
 

_ 
8

  

 Use the unit circle to find the exact value of each trigonometric function.

 34. cos 15 0  ◦  35. tan   7π
 

_ 
4

   36. sin   7π
 

_ 
6

   37. cos 31 5  ◦ 

 38. sin   2π
 

_ 
3

   39. cos 27 0  ◦  40. csc   4π
 

_ 
3

   41. cot 22 5  ◦ 

 Use a reference angle to find the exact value of the sine, cosine, and tangent of each angle.

 42. -15 0  ◦  43. 21 0  ◦  44. 31 5  ◦  45. 33 0  ◦ 

 46.   π 
_ 
4

   47. -  7π
 

_ 
6

   48.   5π
 

_ 
4

   49.   5π
 

_ 
3
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 Find all possible values of each expression.

 50.  tan  -1   (-  √ � 3  )  51.  cos  -1    1 _ 
2

   52.  sin  -1  (-    √ � 3  
 _ 

2
  ) 

 Evaluate each inverse trigonometric function. Give your answer in both radians 
and degrees.

 53. Ta n  -1  (-1)  54. Si n  -1    1 _ 
2

   55. Co s  -1   (-    √ � 2  
 _ 

2
  ) 

 Solve each equation to the nearest tenth. Use the given restrictions.

 56. sin θ = 0.8, for -9 0  ◦  ≤ θ ≤ 9 0  ◦   57. sin θ = 0.8, for 9 0  ◦  < θ < 18 0  ◦  

 58. tan θ = 2.1, for -9 0  ◦  < θ < 9 0  ◦   59. tan θ = 2.1, for 18 0  ◦  < θ < 27 0  ◦  

 Find the area of each triangle. Round to the nearest tenth.

 60.  61.  62.

 Solve each triangle. Round to the nearest tenth.

 63. 64.  65.

 66. 67. 68.

 Use the given measurements to solve each triangle. Round to the nearest tenth.

 69. 70.  71.

 72. 73.  74.
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 Identify whether each function is periodic. If the function is periodic, give the period.

 1.    2. 

 3. 4. 

 5.    6. 

Using f  (x)  = sin x or f  (x)  = cos x as a guide, graph each function. Identify the 
amplitude and period.

 7. f  (x)  =   1 _ 
2

   sin 2x 8. g  (x)  = 3 cos   1 _ 
2

   x 9. h  (x)  = 2 cos π x

 Using f  (x)  = sin x or f  (x)  = cos x as a guide, graph each function. Identify the
x-intercepts and phase shift.

 10. f  (x)  = cos  (x +   π 
_ 
2

  )  11. g  (x)  = sin  (x - π)  12. h  (x)  = sin  (x +   π 
_ 
4

  ) 

 Using f  (x)  = tan x as a guide, graph each function. Identify the period, x-intercepts, 
and asymptotes.

 13. g  (x)  = 2 tan 2x 14. g  (x)  =   1 _ 
2

   tan 3x 15. h  (x)  = -tan π x

 Using f  (x)  = cot x as a guide, graph each function. Identify the period, x-intercepts, 
and asymptotes.

 16. g  (x)  =   1 _ 
2

   cot 2x 17. g  (x)  = -cot   1 _ 
2

   x 18. h  (x)  = cot 3x

 Using f  (x)  = cos x or f  (x)  = sin x as a guide, graph each function. Identify the 
period and asymptotes.

 19. g  (x)  = sec   1 _ 
2

   x 20. g  (x)  = csc 2x 21. h  (x)  =   1 _ 
4

   sec x
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 Prove each trigonometric identity.

 22. sec  (-θ)  = sec θ 23.   1 - cos θ
 

_ 
sin θ

   =    sin θ
 

_ 
1 + cos θ

   24. ta n  2  θ  (1 - si n  2  θ)  = si n  2  θ

 Rewrite each expression in terms of cos θ and simplify.

 25. sec θ  (1 - si n  2  θ)  26.   si n  2 θ
 

_ 
1 + cos θ

   27.   csc θ - sin θ
  

__ 
cot θ

  

 Rewrite each expression in terms of sin θ and simplify.

 28.   tan θ + 1 __  
sec θ + csc θ

   29.   cot θ
 

_ 
csc θ

   30. 1 - cot θ cos θ sin θ

 Find each value if sin A =   12 _ 
13

   with  0  ◦  < A < 9 0  ◦  and if cos B = -  3 _ 
5

   with 9 0  ◦  < B < 18 0  ◦ .

 31. sin (A + B)  32. cos (A - B)  33. tan (A + B) 

 Find the coordinates, to the nearest hundredth, of the vertices of   
figure ABCD with A (-2, -2) , B (-2, 3) , C (1, 3) , and D (1, -2)  after 
each rotation about the origin.

 34. 13 5  ◦  35. 27 0  ◦  

 Find sin 2θ, cos 2θ, and tan 2θ for each set of conditions.

 36. sin θ =   12 _ 
13

   and  0  ◦  < θ < 9 0  ◦   37. cos θ = -  3 _ 
5

   and 18 0  ◦  < θ < 27 0  ◦  

 38. tan θ = -  3 _ 
2

   and   3π
 

_ 
2

   < θ < 2π 39. sin θ =   1 _ 
3

   and   π 
_ 
2

   < θ < π

 Prove each identity.

 40.   cos 2θ
 

__  
cos θ + sin θ

   = cos θ - sin θ 41.   cos θ sin 2θ
 

__ 
1 + cos 2θ

   = sin θ

 42. cos 2θ + 2si n  2  θ = 1   43.    (sin θ -cos θ)  2  = 1 - sin 2θ

 Find sin   θ _ 
2

  , cos   θ _ 
2

  , and tan   θ _ 
2

   for each set of conditions.

 44. sin θ =   3 _ 
5

   and 9 0  ◦  < θ < 18 0  ◦  45. tan θ = -  7 _ 
24

   and 27 0  ◦  < θ < 36 0  ◦ 

 46. tan θ = -    √ � 5  
 _ 

2
   and   π 

_ 
2

   < θ < π 47. cos θ =   1 _ 
5

   and 0 < θ <   π 
_ 
2

  

 Find all of the solutions of each equation.

 48. 2 cos θ =   √ � 2     49. 2 sin θ + 5 = 6

 50. 3 tan θ = 2 tan θ - 1   51. tan θ = 2 tan θ -   √ � 3  

 Solve each equation for the given domain.

 52. co s  2  θ - 3 cos θ - 4 = 0 for 0 ≤ θ < 2π 53. 2 si n  2  θ - 5 sin θ + 2 = 0 for 0 ≤ θ < 2π

 54. si n  2  θ + 3 sin θ + 1 = 0 for  0  ◦  ≤ θ < 36 0  ◦  55. co s  2  θ + 4 cos θ - 2 = 0 for  0  ◦  ≤ θ < 36 0  ◦ 

 Use trigonometric identities to solve each equation for the given domain.

 56. cos 2θ + 3 cos θ = 1 for 0 ≤ θ < 2π 57. cos 2θ + 5 sin θ = -2 for 0 ≤ θ < 2π

 58. 2  sin  2  θ = 3 - 3 cos θ for  0  ◦  ≤ θ < 36 0  ◦  59. sin 2θ = cos θ for  0  ◦  ≤ θ < 36 0  ◦ 
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Sports Use the following information for 
Exercises 1–3.

In women’s boxing, some of the official weight 
classes in pounds are defined in the table below. 
Each class includes the lightest weight in the range 
but not the heaviest weight. (Lesson 1-1)

Middleweight 154–160 Featherweight 122–126

Jr. Middleweight 147–154 Bantamweight 115–118

Super Lightweight 135–140 Welterweight 140–147

 1. Order the weight classes from lightest to 
heaviest.

 2. Use interval notation to represent the set 
of weights in pounds that define the Super 
Lightweight class.

 3. Use set-builder notation to represent the 
set of weights in pounds that define the 
Welterweight class.

 4. Commerce A sweater is on sale for 20% off. 
The regular price of the sweater is $60. Use 
mental math to determine the sale price of 
the sweater. Explain how you determined your 
answer. (Lesson 1-2)

 5. Construction A builder is covering a 
rectangular floor with square tiles. A row of 
46 tiles fits along the length of the room, and 
a row of 26 tiles fits along the width of the 
room. If each tile covers 20.25 i n  2 , what are the 
dimensions of the room in feet? (Lesson 1-3)

Money Use the following information for 
Exercises 6 and 7.

Charles pays $1.25 for a newspaper using only 
quarters and dimes. Let q represent the number of 
quarters he uses. (Lesson 1-4)

 6. Write an expression in terms of q for the 
number of dimes Charles uses.

 7. If Charles uses 3 quarters, how many dimes 
does he use?

 8. Astronomy The diameter of the Sun is 
1.392 × 1 0  6  km. What is the radius of the 
Sun in kilometers? Express your answer in 
scientific notation. (Lesson 1-5)

 9. Shipping The table shows the cost of 
shipping packages that weigh up to 3 lb. 
Is the relation from weight to cost a function? 
Is the relation from cost to weight a function? 
Explain. (Lesson 1-6)

Weight (lb) Cost ($)

Up to 1 lb 3.69

More than 1 lb and up to 2 lb 3.85

More than 2 lb and up to 3 lb 4.65

Communication Use the following information 
for Exercises 10 and 11.

A cell phone plan charges $2.99 per month for 300 
text messages plus $0.05 for each additional text 
message. (Lesson 1-7)

 10. Write a function to represent the monthly 
charge in dollars for x text messages.

 11. What is the value of the function for an input 
of 450, and what does it represent?

 12. Recreation A bowling alley charges $4.00 
to rent shoes and $2.75 per game. As part 
of a promotion, the alley lowers the price of 
shoes to $3.00. What kind of transformation 
describes the change in the total cost of 
bowling x games per person? (Lesson 1-8)

 13. Sports Each team in a soccer league plays 
each of the other teams one time during a 
season. Graph the relationship between the 
number of teams and the total number of 
games and identify which parent function 
best describes the data. Then use the graph 
to estimate the total number of games per 
season when there are 8 teams in the league. 
(Lesson 1-9)

Total Number of Games per Season

Teams 4 6 10 12 14

Games 6 15 45 66 91
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 1. Poetry An English sonnet is made up of 
14 lines of text. Rebecca is working on a poetry 
project for her English class that must be 
at least 100 lines long. Rebecca has already 
written 61 lines of haiku, free-verse poems, 
and limericks, and she plans to write the rest 
in sonnet form. How many sonnets must she 
write to complete the project? (Lesson 2-1)

 2. Nutrition Tom follows a strict diet in which 
he gets 22% of his daily Calories from fat. His 
diet contains 363 Calories of fat each day. What 
is his total daily caloric intake? (Lesson 2-2)

Home Economics Use the following information 
for Exercises 3 and 4.

Jonathan owes his parents $150 for car repairs. For 
each hour of chores he does, Jonathan’s parents 
credit him $8 toward his debt. (Lesson 2-3)

 3. Make a graph showing the amount that 
Jonathan owes his parents versus the number 
of hours he does chores.

 4. What are the intercepts of the graph? What do 
they mean?

Consumer Economics Use the following 
information for Exercises 5 and 6.

The table below shows the cost of several long-
distance calls made using the same calling plan. 
(Lesson 2-4)

Time (min) 7 12 15 24

Cost ($) $1.80 $2.55 $3.00 $4.35

 5. Find the function that represents the data and 
write it in slope-intercept form. What do the 
slope and y-intercept represent?

 6. Make a graph to show the cost of all phone 
calls up to 20 minutes.

 7. Sports The basketball team is losing by 8 
points. They score either 2 points or 3 points 
for each basket they make. Write and graph 
an inequality for the number of 2-point and 
3-point baskets the team needs to make in 
order to win the game if the other team scores 
16 more points. (Lesson 2-5)

Careers Use the following information for 
Exercises 8 and 9.

At a spa each masseur earns $80 per day plus 
$15 per massage. Starting next month, the per-
massage fee will be raised to $30. (Lesson 2-6)

 8. Write f  (x)  to represent the original earnings 
and g  (x)  to represent the new earnings.

 9. Graph f  (x)  and g  (x)  on the same coordinate 
plane. Describe the transformation.

 10. Astronomy The table below shows the 
distances from four planets to the Sun and the 
time it takes in Earth days for each planet to 
complete its revolution around the Sun.

Planet Mercury Venus Earth Mars

Distance 
(million km)

58 108 150 228

Revolution 
(Earth days)

88 225 365 687

 Make a scatter plot using distance as the 
independent variable. Find the line of best fit 
and correlation coefficient. (Lesson 2-7)

 11. Meteorology A meteorologist predicts 
that Sunday’s high temperature will be 76°F. 
Her predictions are generally accurate to 
within 4°F.  Write and solve an absolute-
value inequality to find the possible high 
temperatures. (Lesson 2-8)

 12. Architecture The TransAmerica Pyramid 
in San Francisco is 324 meters high and 
81 meters wide at its base. The diagram shows 
a side view of the building. The vertex is at  
(40.5, 324) . Write an absolute-value equation 
to describe the graph. (Lesson 2-9)
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Oceanography Use the following information 
for Exercises 1–3.

A dolphin and a shark are swimming toward the 
same fish. The dolphin is 88 meters away and is 
swimming at a rate of 10.7 meters per second. The 
shark is 100 meters away and is swimming at a rate 
of 12.2 meters per second. (Lesson 3-1)

 1. Write and graph a system of equations that 
could be used to model the distance of both 
the dolphin and the shark from the fish.

 2. In how many seconds will the dolphin and the 
shark be the same distance from the fish?

 3. What will that distance be?

 4. Chemistry A chemist needs 16 ounces of a 
10% potassium chloride solution. Solution A 
contains 12% potassium chloride, and solution 
B contains 8% potassium chloride. How much 
of each solution must the chemist combine? 
(Lesson 3-2)

 5. Consumer Economics At the hardware 
store, Leslie bought 2 boxes of nails and 3 
boxes of screws and paid $13.95 before tax. 
Michael bought 4 boxes of nails and 1 box of 
screws and paid $12.15 before tax. Find the 
cost of a box of nails and the cost of a box of 
screws. (Lesson 3-2)

 6. Entertainment Hillary and Rob are at a 
multimedia store buying CDs and DVDs. The 
CDs cost $14 each, and the DVDs cost $12 
each. Their total budget is $150, and Hillary 
wants to make sure that they buy at least as 
many DVDs as they buy CDs. Write and graph 
a system of inequalities that describes the 
possible number of CDs and DVDs they can 
buy. (Lesson 3-3)

 7. Construction The Moua family is building 
a toy train using two types of cars. Passenger 
cars cost $30 and are 6 inches long. Freight 
cars cost $25 and are 9 inches long. They 
cannot spend more than $350, and the train 
must not be more than 9 feet long. Write and 
graph a system of inequalities that describes 
the possible number of each type of car they 
can use to make their train. (Lesson 3-3)

Business Use the following information for 
Exercises 8 and 9.

Leona owns a small business selling earrings and 
necklaces. Each pair of earrings takes 30 minutes 
to make and yields $3 of profit. Each necklace 
takes 1 hour to make and yields $7 of profit. Leona 
works no more than 7 hours per day, and she 
always makes at least 4 pairs of earrings each day. 
(Lesson 3-4)

 8. Write a system of inequalities and graph the 
feasible region for how many earrings and 
necklaces Leona can make in a day.

 9. Write an equation describing Leona’s profit P. 
How many of each product should she make 
each day to maximize her profits?

Interior Design Use the following information 
for Exercises 10 and 11.

Mrs. Walsh has $150 to spend on decorations for 
her living room. She plans to buy candles, picture 
frames, and decorative pillows. The candles are 3 
for $20, the picture frames cost $15 each, and the 
pillows cost $25 each. (Lesson 3-5)

 10. Write a linear equation in three variables to 
represent this situation.

 11. If Mrs. Walsh buys 6 candles and 4 frames, how 
many pillows can she buy?

Fitness Use the following information for 
Exercises 12 and 13.

Each day at the gym, Jaya cycles on the stationary 
bicycle, lifts weights, and swims laps. The table 
shows the number of minutes she spent doing 
each activity and the number of Calories she 
burned on 3 different days. (Lesson 3-6)

Day Cycling
Weight 
Lifting Swimmimg

Total 
Calories

1 30 30 20 455

2 25 45 15 432.5

3 25 20 30 495

 12. How many Calories per minute does each 
activity burn?

 13. How many Calories would Jaya burn if she 
spent 40 minutes cycling, 20 minutes lifting 
weights, and 20 minutes swimming?

S34 Extra Practice



Chapter 4  Applications Practice

Transportation Use the following information 
for Exercises 1 and 2.

The table shows the costs for different bus tickets 
from San Antonio to Dallas. (Lesson 4-1)

Category Child Student Adult Senior

One-Way $18.00 $23.50 $41.00 $34.50

Round-Trip $34.00 $45.00 $79.00 $66.00

 1. Next year, the bus company will raise the price 
of each ticket by 3%. Use a scalar product to 
find the new ticket prices.

 2. Due to a rise in gas prices this month, the bus 
company is temporarily charging passengers 
an extra $2.50 per one-way ticket and $4.50 per 
round-trip ticket. Use matrix addition to find 
the new ticket prices.

 3. Taxes Different portions of Mr. Waller’s 
income are taxed at different rates. Use matrix 
multiplication to find the total amount of taxes 
he paid each year. (Lesson 4-2)

Tax Rates Mr. Waller’s Income

Year Job
Home 

Business Source 2004 2005

2004 23% 31% Job $23,550 $25,750

2005 24% 31%
Home 
Business

$5,600 $5,200

 4. Design The Fishing Club’s new logo is shaped 
like a fish on a fishing line. On a coordinate 
plane, the vertices of the image are  (-1, 1) , 
(2, -3) ,  (0, -5) ,  (4, -5) ,  (5, 1) ,  (2, 5)  and 
(2, 10) . Find the vertices of the figure after it is 
enlarged by a factor of 2 and reflected across 
the x-axis. (Lesson 4-3)

Gardening Use the following information for 
Exercises 5 and 6.

Mrs. Alarcón bought 3 geraniums, 2 ferns, and 
2 petunias for $67.00. Mrs. Muñiz bought 
4 geraniums, 4 petunias, and 1 fern for $89.50. 
The geraniums cost $3.50 more than the ferns. 
(Lesson 4-4)

 5. Write the coefficient matrix for the problem.

 6. Use Cramer’s rule to find the cost of each type 
of plant.

Sports Use the following information for 
Exercises 7–9.

The gymnastics coach kept track of how many 
of each type of deduction some of his gymnasts 
received during the balance beam exercise at their 
last meet. (Lesson 4-5)

Stepping 
Out of 
Bounds

Heavy 
Brush of 
Hands/

Feet

Out of 
Sync 
with 
Music

Total 
Points 
Lost

Amber 2 1 1 0.55

Marcia 1 2 1 0.75

Jenna 3 1 2 0.70

 7. Write the appropriate matrix equation.

 8. Find the inverse of the coefficient matrix.

 9. Solve the matrix equation to find the amount 
of each deduction.

Manufacturing Use the following information 
for Exercises 10 and 11.

A manufacturing company makes wooden boxes 
in small, medium, and large sizes out of the same 
wood. The table shows how many of each box were 
made and how much wood was used on 3 different 
days. (Lesson 4-6)

Small Medium Large Wood Used

Mon 10 12   8 4468 i n  2 

Tue   7 15 10 5068 i n  2 

Wed 20   9   5 4298 i n  2 

 10. Write an augmented matrix to describe the 
situation.

 11. Use row operations to find the amount of 
wood used to make each size of box.
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Construction Use the following information for 
Exercises 1 and 2.

A landscape designer is using square stepping 
stones in a backyard. The function f  (x)  = 8 x  2  
represents the area in square inches that will be 
covered by 8 stepping stones with side length x 
inches. (Lesson 5-1)

 1. Write a function g for the area that will be 
covered by 16 stepping stones with side length 
x inches. Describe g as a transformation of f.

 2. The landscape designer decides to use smaller 
stones with a side length of  (x - 2)  inches. 
Write a function h for the area that will be 
covered by 8 of the smaller stones. Describe h 
as a transformation of f.

Entertainment Use the following information 
for Exercises 3 and 4.

Part of a roller coaster’s path can be modeled by 
the function f  (x)  = -  4 __ 

49
    x  2  +   40 __ 7   x, where x is the 

horizontal distance in feet the roller coaster 
has traveled and f  is its height in feet above the 
ground. (Lesson 5-2)

 3. What is the roller coaster’s maximum height 
above the ground on this part of the path?

 4. How far has the roller coaster traveled 
horizontally when it reaches its maximum 
height?

Sports Use the following information for 
Exercises 5–7.

A kickball player kicks a ball from ground level 
with an initial vertical velocity of 24 ft/s.

 5. Write a function in standard form for the ball’s 
height h in feet, where t is the time in seconds 
after the ball is thrown. (Lesson 5-3)

 6. How long is the ball in the air? (Lesson 5-3)

 7. Complete the square to rewrite h in vertex 
form. What is the ball’s maximum height? 
(Lesson 5-4)

 8. School In a student’s science fair project, 
he claims that the height h in feet above the 
ground of an object shot from a catapult can 
be modeled by h (t)  = 16 t  2  - 32t + 32, where t 
is the time in seconds after the object is shot. 
What are the zeros of this function? Explain 
why the values of the zeros indicate that the 
student’s model is incorrect. (Lesson 5-5)

 9. Forestry A wind gust blows a cone from a 
branch on a redwood tree. The cone’s height h 
in meters above the ground can be modeled by 
h (t)  = -4.9 t  2 - t + 75, where t is the time in 
seconds since the cone broke from the branch. 
To the nearest tenth of a second, how long 
does the cone fall before hitting the ground? 
(Lesson 5-6)

 10. Business The weekly profit p in dollars 
generated by a smoothie stand can be modeled 
by the function p (c)  =-302 c  2  + 1635c - 1712, 
where c is the cost in dollars per smoothie. 
For what range of smoothie costs will the 
stand generate at least $450 per week? 
(Lesson 5-7)

 11. Law Enforcement The table shows the cost 
of speeding tickets in a certain town, based 
on how many miles per hour over the speed 
limit the driver was traveling. Find a quadratic 
model for the fine given the number of miles 
per hour over the speed limit. Estimate the 
fine for a driver traveling 8 mi/h over the 
speed limit. (Lesson 5-8)

Miles per Hour 
over the 

Speed Limit Fine ($)

  5   55

10   70

15   95

20 130

 12. Fractals A fractal can be generated from the 
formula  Z  n + 1  =   ( Z  n )  2  + 0.4. Find the value of  
Z  2  for this fractal given that  Z  1  = 0.5 - 0.5i and  
Z  2  =   ( Z  1 )  2  + 0.4.
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Manufacturing Use the following information 
for Exercises 1 and 2.

A company produces globes in two different sizes. 
The large globes have a radius of x inches, and the 
small globes have a radius of x - 2 inches. 
(Lesson 6-1)

 1. Write functions to find the volume of each 
globe size.

 2. Evaluate each function for x = 8.

Business Use the following information for 
Exercises 3 and 4.

Mr. Schwartz models the number of items 
his business sold during its first 10 years as 
N (x)  = 0.07 x  3  + 9 x  2  - 16x + 80. His average 
profit per item (in dollars) can be modeled as 
P (x)  = 0.5x + 10. (Lesson 6-2)

 3. Write a polynomial T (x)  that can be used to 
model the total profit for his company during 
these years.

 4. Evaluate T  (4)  and explain its significance.

 5. Entertainment The concert attendance for a 
music group can be described by the function 
F (x)  =   1 __ 4    x  3  + 2 x  2  + 50, where x is the number 
of concerts since its debut. Use synthetic 
division to find the number of people who 
attended the fourth concert. (Lesson 6-3)

Sports Use the following information for 
Exercises 6 and 7.

The manager of a basketball team charted the 
team’s progress for the season. For each game, 
she took the team’s points and subtracted the 
points that the other team scored. The team’s 
performance can be modeled by the function 
P (x)  =  x  3  - 9 x  2  + 18x, where x represents the 
number of games since the start of the season. 
(Lesson 6-4)

 6. Find the zeros of the function. What do they 
represent?

 7. Write the function in factored form.

 8. Packaging A company packages its ink pens 
in a box whose length is 3 inches longer than 
its width and whose height is 2 inches shorter 
than its width. The volume of the box is 18 i n  3 . 
What are the dimensions of the box? 
(Lesson 6-5)

 9. Medicine A medicine capsule is shaped like 
a cylinder with a hemisphere at each end. The 
cylindrical portion of the capsule is 3 cm long, 
and the volume is   9 __ 4   π c m  3 . Find the radius of 
the capsule. (Lesson 6-6)

Investing Use the following information for 
Exercises 10–12.

Sharon tracked the closing value of a stock 
that she owns each day over a 25-day period. 
On average, the stock followed the curve 
F (x)  = -0.005 x  3  + 0.05 x  2  + x + 31.25. (Lesson 6-7)

 10. Graph the function on a graphing calculator.

 11. What is the maximum value that the stock hit, 
and on approximately what day did it occur?

 12. What is the y-intercept of the graph, and what 
does it signify?

School Use the following information for 
Exercises 13 and 14.

The enrollment of students at a school each 
year since 2000 can be modeled by the function 
S (x)  = -0.005 x  5  + 0.07 x  4  - 0.5 x  2  + 278. 
(Lesson 6-8)

 13. Write the function T (x)  = S (x)  - 50.

 14. Graph S and T on the same coordinate plane. 
Describe T as a transformation of S.

 15. Government The table below shows the 
number of city employees during a 6-year 
period. Use a polynomial model to estimate 
the number of city employees in 2007. 
(Lesson 6-9)

Year City Employees

2000 165

2001 168

2002 181

2003 210

2004 261

2005 340
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School Use the following information for 
Exercises 1–3.

A school’s honor society was founded in 1970 with 
120 members. Since then, the society membership 
has increased by about 10% each year. (Lesson 7-1)

 1. Write a function representing the number of 
members each year since the club’s founding 
(1970 = year 0).

 2. Graph the function through the year 2005.

 3. In which year did the number of members 
exceed 1000?

Chemistry Use the following information for 
Exercises 4–6.

A glass was filled with 6 inches of water and left 
out on the counter. The amount of water in inches 
left in the glass after d days is f  (d)  = 6 - 0.2d. 
(Lesson 7-2)

 4. Write the inverse function  f   -1  (d) .

 5. After how many days was there 3.4 inches of 
water left in the glass?

 6. After how many days was the glass empty?

Biology Use the following information for 
Exercises 7 and 8.

The number of bacteria in a culture after t hours is 

f  (t)  =  3  
  t _ 
2

  
 . (Lesson 7-3)

 7. How many bacteria are in the culture after 
10 hours?

 8. Replace f  (t)  with y and write the function in 
logarithmic form.

Sound Use the following information for 
Exercises 9 and 10.

The loudness L of sound in decibels is given by 

L = 10 log  (  I _ 
 I  0 

  ) , where I is the intensity of sound 

and  I  0  is the intensity of the softest audible sound. 
(Lesson 7-4)

 9. Rewrite this equation as the difference of two 
logarithms.

 10. When is the equation undefined?

 11. Investing A stock is losing value at a rate of 
5% per month. An investor made an initial 
purchase of $1500 worth of stock. The value of 
her shares of stock after m months is 
A = 1500  (0.95)  

m
 . Solve for m to find how many 

months it will take for the stockholder’s shares 
to be worth less than $1000. (Lesson 7-5)

 12. Economics Ivy’s parents invested $2700 
for college in an account that receives 3.5% 
interest compounded continuously. What will 
the total amount of their investment be when 
Ivy starts college in 8 years? (Lesson 7-6)

 13. Physics Americium-241, a radioactive 
element used in smoke detectors, has a half-
life of 7370 years. Find the decay constant, 
then use the decay function N (t)  =  N  0   e  -kt  to 
determine the amount of atoms that remain 
from a sample of 1000 atoms after 20,000 
years. (Lesson 7-6)

Art Use the following information for 
Exercises 14–16.

A small painting by Mondrian was valued at 
$10,500 in the year 2000. Since then its value has 
been increasing by 3% each year. The value 
of the painting x years after the year 2000 
is V = 10,500  (1.03)  

x
 . Write a function for each 

transformation described below and explain the 
effect on the graph of the parent function. 
(Lesson 7-7)

 14. The initial value in 2000 is adjusted to $9500.

 15. The value is $1500 more each year.

 16. The value of the painting increases by 3% 
every 2 years.

 17. Business The table gives the number of 
employees at a company in the years since it 
was founded. Find a logarithmic model for the 
data. Predict when the company will have 
60 employees. (Lesson 7-8)

Company Employees

Years since 
Founding

1 2 3 4 5 6

Employees 12 26 34 40 44 48
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 1. Physics The amount of force F exerted 
by an object varies directly as the object’s 
acceleration a. An object accelerating at 5 m/ s  2  
exerts a force of 10 Newtons. How much force 
would the same object exert at an acceleration 
of 7 m/ s  2 ? (Lesson 8-1)

 2. Transportation The time t required for a bus 
to travel a certain distance varies inversely as 
its average speed r. It takes the bus 2.2 h to 
travel between two cities at 50 mi/h. How 
long would the same drive take at 40 mi/h? 
(Lesson 8-1)

Recreation Use the following information for 
Exercises 3 and 4.

At a carnival booth, contestants can win a prize by 
throwing a dart at a square board. The total area of 
the board in square feet can be represented by the 
expression 4 x  2  + 24x + 36. (Lesson 8-2)

 3. If a dart hits the board at random, what is the 
probability in terms of x of winning a bear?

 4. If a dart hits the board at random, what is the 
probability in terms of x of winning a snack?

 5. Fitness Geoff ran a 6 mi race for charity. 
During the first 4 mi of the race, he averaged 
6 mi/h. During the last 2 mi, he averaged 
5.5 mi/h. What was Geoff’s average speed in 
miles per hour for the entire race? Round to 
the nearest hundredth. (Lesson 8-3)

School Use the following information for 
Exercises 6 and 7.

A science class is taking a field trip to a 
planetarium. Admission costs $8 per student, plus 
there is a tour charge of $80 per class. (Lesson 8-4)

 6. Write and graph a function to represent the 
total average cost of the field trip per student.

 7. Find the total average cost per student if 
25 students go on the field trip.

 8. Travel A tour boat travels 12 mi up a river and 
12 mi down the river in a total of 5.5 h. In still 
water, the boat travels at an average speed of 
5.5 mi/h. Based on this information, what is 
the speed of the river’s current? (Lesson 8-5)

 9. Carpentry A carpenter can build a cabinet in 
4 h. When his son assists him, they can build 
the same type of cabinet in 2.5 h. About how 
long would it take the carpenter’s son to build 
a cabinet by himself? (Lesson 8-5)

 10. Measurement A large cubic storage box has 
a volume of 166   3 __ 

8
   f t  3 . The box is labeled with a 

strip of tape that wraps once around the entire 
box. What is the length of the tape that labels 
the box? (Lesson 8-6)

Physics Use the following information for 
Exercises 11 and 12.

The period of a pendulum is the time it takes for 
the pendulum to complete one back-and-forth 
swing. The function f  (x)  = 2π   √ �   x __ 

32
     gives the period 

f of a pendulum in seconds where x is the length of 
the pendulum in feet. (Lesson 8-7)

 11. Write a function g for the period of a 
pendulum of length  (x + 2)  ft.

 12. Describe the function g as a transformation 
of f.

 13. Geometry The length of a diagonal 
d of a rectangular prism is given by 

d =   √ �����   �  2  +  w  2  +  h  2   , where � is the length, 
w is the width, and h is the height. What is 
the minimum height in inches of a box with a 
length of 15 in. and a width of 12 in. that will 
hold a 20 in. baton? Round your answer to the 
nearest tenth. (Lesson 8-8)
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 1. Ecology The table shows the population of a 
colony of penguins over a 6-year period. Use a 
graph and an equation to predict the number 
of penguins in the colony in 2010. (Lesson 9-1)

Penguin Colony Population

Year Population

2000 112

2001 123

2002 135

2003 149

2004 164

2005 180

Shipping Use the following information for 
Exercises 2 and 3.

A shipping company charges different rates 
depending on the weight of the package to be 
shipped. (Lesson 9-2)

Shipping Costs

Weight (lb) Cost ($)

Under 2 $3.50

2 to 7 $6.00

More than 7 $9.00

 2. Write a piecewise function to represent 
shipping costs for packages up to 10 lb.

 3. Graph the function.

Recreation Use the following information for 
Exercises 4 and 5.

The zoo charges $7.00 per person for admittance. 
For groups of 20 people or more, the zoo charges 
$6.00 per person plus a one-time administrative 
fee of $10. (Lesson 9-3)

 4. Write a function to represent the cost of 
admittance to the zoo for x people.

 5. The zoo decides to raise the group 
administrative fee by $5. Write the resulting 
function. How does this affect the graph of the 
function?

Politics Use the following information for 
Exercises 6 and 7.

Approximately 2 in 3 people surveyed support a 
bill to raise the salaries of local police officers. Of 
those who support the bill, 60% also support a 
raise in taxes to pay for the bill. (Lesson 9-4)

 6. Write a composite function for the number 
of people who support the bill and think that 
taxes should be raised.

 7. The total number of people who support both 
the bill and the tax is 90. How many people 
were surveyed?

Scouting Use the following information for 
Exercises 8–10.

The graph shows the number of merit badges that 
scouts from the same troop have earned, based on 
the number of years they have been in the troop. 
(Lesson 9-5)

 8. Graph the inverse of f  (x) .

 9. Is f  (x)  a function? Is its inverse a function?

 10. Use your graph to predict how long a scout has 
been in the troop if he has earned 36 badges.

Nutrition Use the following information for 
Exercises 11 and 12.

The table shows the number of Calories and grams 
of fat in selected sandwiches. (Lesson 9-6)

Sandwich Nutrition Information

Fat (g) 6 8 12 15 20

Calories 372 396 442 477 535

 11. Write a function that models the data.

 12. Use your model to predict the number of 
Calories in a sandwich containing 25 grams 
of fat.
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Geometry Use the following information for 
Exercises 1–3.

A circle has center  (7, 8)  and contains the point 
(11, 11) . (Lesson 10-1)

 1. Find the circumference of the circle.

 2. Find the area of the circle.

 3. Find the other endpoint of the diameter with 
one endpoint  (11, 5) .

Design Use the following information for 
Exercises 4–6.

Grace is designing a courtyard for a client. The 
courtyard will include a small circular fountain 
inside a large circular patio, which will be 
surrounded by a square fence. The plans have been 
overlaid on a coordinate plane, as shown below. 
(Lesson 10-2)

 4. Find an equation for the fountain.

 5. Find an equation for the circular patio.

 6. Each side of the fence is tangent to the patio. 
Find the equation for the part of the fence that 

 passes through the point  (-5  √ � 2  , 5  √ � 2  ) .

Architecture Use the following information for 
Exercises 7 and 8.

The Oval Office in the White House has a major 
axis 35 ft 10 in. long and a minor axis 29 ft long. 
(Lesson 10-3)

 7. Suppose that the center of the floor of the 
Oval Office is located at the origin. Write an 
equation that can be used to model the office 
floor.

 8. Find the coordinates of the foci.

 9. Sports Two people watching a baseball game 
are seated 2000 feet apart. One person hears 
the crack of the bat 1 second before the other 
person. Because sound travels at 1100 feet per 
second, one person must be 1100 feet closer to 
the bat than the other. The possible locations 
of the batter form a hyperbola with the two 
people as foci. Write an equation that could be 
used to represent the possible locations of the 
batter. (Hint: Place the origin midway between 
the two people.) (Lesson 10-4)

 10. Recreation A half-pipe, similar to those used 
by skateboarders, is parabolic in shape. Use 
the intersection of the ground and the center 
of the half-pipe as the origin and write an 
equation to model the shape of the curved 
interior of the structure. (Lesson 10-5)

Fitness Use the following information for 
Exercises 11 and 12.

A runner is running on a track. His path in 
yards can be modeled by the equation 
x  2  - 160x + 4 y  2  - 160y + 7840 = 0. 
(Lesson 10-6)

 11. Write the equation in standard form by 
completing the square.

 12. There is a drinking fountain in the center of 
the track. What are the coordinates of the 
fountain? What is the farthest distance that a 
runner would have to travel from the track to 
the fountain?

 13. Ecology A water tank has spilled, and the 
flooded area in square feet can be modeled 
by the equation  x  2  +  y  2  = 225. Near the spilled 
tank, there is a garden whose shape can be 
modeled by the equation 

   
(x - 9)  2 

 _ 
25

   +   
  (y - 6)  2 

 _ 
36

   = 1. At what points do 

 the boundaries of the spill and the garden 
intersect? (Lesson 10-7)

Extra Practice S41



Chapter 11  Applications Practice

Music Use the following information for 
Exercises 1 and 2.

Serialism is a form of music in which the composer 
arranges each of the 12 tones in an octave to form 
a musical phrase. (Lesson 11-1)

 1. How many ways can the 12 tones of an octave 
be arranged?

 2. How many different musical phrases could a 
composer create by arranging only 5 of the 
12 tones of an octave?

 3. Drama A drama class is performing the 
Greek tragedy Antigone, by Sophocles. Of the 
15 students in the class, 6 will make up the 
chorus. How many different ways can the 
chorus be selected? (Lesson 11-1)

 4. Holidays Of December’s 31 days, the 
25th and the 31st are holidays. What is the 
probability that a randomly chosen day in 
December is not a holiday? (Lesson 11-2)

 5. Games If Sara’s dart  
lands in a red equilateral 
triangle, she wins a prize. 
Each triangle has a base 
of 2 in. If all locations on 
the 12 in. diameter target 
are equally likely, what is 
the probability that Sara 
wins a prize? (Lesson 11-2)

Literature Use the following information for 
Exercises 6 and 7.

The works of Chilean poet Pablo Neruda have been 
published in many languages. The school library 
has copies of two of his books in both English and 
Spanish. The table shows how many times each 
book has been checked out. (Lesson 11-3)

Books Checked Out

Canto General Extravagario

English 23 27

Spanish 17 14

 6. What is the probability that Canto General was 
checked out in Spanish?

 7. What is the probability that a student who 
checked out a Pablo Neruda book selected 
Extravagario in English?

Immigration Use the following information for 
Exercises 8 and 9.

A group of 100 immigrants was studied over a one-
year period. During the study, 63 of the immigrants 
found jobs, and 14 returned to their country of 
origin. Of the immigrants who found jobs, 6 of 
them returned to their countries before the end of 
the study. (Lesson 11-4)

 8. What is the probability that an immigrant 
found a job or returned to his or her country 
of origin?

 9. What is the probability that an immigrant did 
not find a job or returned to his country of 
origin?

Basketball Use the following information for 
Exercises 10–12.

The table below shows the number of points 
scored by Tracy McGrady and Yao Ming of the 
Houston Rockets during the same 5 games of the 
2005 season. (Lesson 11-5)

Points Scored

Game 1 2 3 4 5

Tracy McGrady 28 36 25 37 27

Yao Ming 15 20 30 8 33

 10. Find the mean of both sets of data.

 11. Find the standard deviation of both sets 
of data.

 12. Determine whether there is an outlier. If so, 
describe how it affects the mean and standard 
deviation.

Nutrition Use the following information for 
Exercises 13 and 14.

At a frozen yogurt store, 75% of customers ask for 
a cup, while the others ask for a cone. At closing 
time, the store has 7 people waiting and only 
2 cones left. (Lesson 11-6)

 13. What is the probability that exactly 2 people 
will want cones?

 14. What is the probability that no more than 
2 people will want cones?
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Housing Use the following information for 
Exercises 1 and 2.

Lily moved into her apartment in 2001, when the 
rent was $650. Every year since then, the landlord 
has raised the rent by 5%. (Lesson 12-1)

 1. Graph the sequence and describe its pattern.

 2. How much will Lily’s rent be in 2010?

 3. Fractals Find the number of red circles in the 
next 2 terms of the fractal. (Lesson 12-1)

 4. Awards A local charity started its Volunteer 
Hall of Fame by inducting the first honoree 
in 1997. The next year it inducted 2 new 
members, and in 1999 it inducted 3 new 
members. Each year since then, it has added 
one more member than it did the previous 
year. How many members will the Volunteer 
Hall of Fame have in 2009? (Lesson 12-2)

Fractals Use the following information for 
Exercises 5 and 6.

The number of circles in the first iteration of the 
fractal is  3  0  = 1. The number of circles in the 
second iteration of the fractal is  3  0  +  3  1  = 4. The 
number of circles in the third iteration of the 
fractal is  3  0  +  3  1  +  3  2  = 13. (Lesson 12-2)

 5. Use summation notation to write an 
expression for the number of circles in 
the nth iteration of the fractal.

 6. Find the number of circles in the 5th iteration 
of the fractal.

Fitness Use the following information for 
Exercises 7–9.

When a member first joins a health club, he or she 
pays $240 for the first year. Each year after that, the 
yearly fee is reduced by $10. (Lesson 12-3)

 7. What is the yearly fee for the 7th year?

 8. How much will a member have paid after 
belonging to the health club for 10 years?

 9. If a member has paid a total of $2450 in fees, 
how long has she been a member of the health 
club?

Communication Use the following information 
for Exercises 10–12.

The Parent Teacher Association spreads news using 
a phone tree. The president and vice president 
start the phone tree by calling 3 people each. Each 
of the 6 people called then have 3 new people to 
call, and so on, until every member of the PTA has 
been called. (Lesson 12-4)

 10. Write a sequence to describe the phone tree.

 11. How many people are on the 5th row of the 
phone tree?

 12. It takes a total of 6 rows to finish the phone 
tree. Write an expression in summation 
notation to express the number of people 
called in the entire phone tree. How many 
members does the Parent Teacher Association 
have?

Business Use the following information for 
Exercises 13 and 14.

The table shows the annual revenue generated by a 
new product in its first 4 years. (Lesson 12-5)

Annual Revenue

Year 2001 2002 2003 2004

Sales (thousand $) 375 225 135 81

 13. Assume that the trend continues. Estimate the 
revenue generated in 2008.

 14. Assume that the sales trend continues 
indefinitely. Estimate the total revenue the 
product will generate.
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Chapter 13  Applications Practice

 1. Aviation A plane is flying at an altitude of 
6500 ft. The pilot sights the runway of an 
airport at an angle of depression of  6  ◦ . To the 
nearest tenth of a mile, what is the horizontal 
distance from the plane to the runway? 
(Lesson 13-1)

 2. Architecture Thomas stands 250 m from 
the base of the Sears Tower in Chicago. His 
eye level is 1.75 m above the ground, and 
he measures the angle of elevation to the 
top of the tower to be 60. 4  ◦ . Based on this 
information, what is the height of the Sears 
Tower to the nearest meter? (Lesson 13-1)

Recreation Use the following information for 
Exercises 3 and 4.

A Ferris wheel makes one complete revolution in 
40 s. (Lesson 13-2)

 3. Through what angle, in degrees, does a car of 
the Ferris wheel rotate in 70 s?

 4. How long does it take a car of the Ferris wheel 
to rotate through an angle of 79 2  ◦  ?

 5. Landscape Design A path through a park is 
shaped like an arc of a circle with a radius of 
25 ft. The central angle that intercepts the path 
measures   π 

__ 
2
   radians. To the nearest foot, how 

long is the path? (Lesson 13-3)

 6. Entertainment A standard circus ring is 
42 ft in diameter. A clown on a bicycle rides 
once around the circumference of the ring 
in 10 s. To the nearest tenth of a foot, how far 
does the clown travel in 1 second? 
(Lesson 13-3)

 7. Astronomy Venus is approximately 
108 million km from the Sun and takes 225 
days to complete an orbit. Based on this 
information, how far does Venus travel in its 
nearly circular orbit around the Sun in 1 day? 
Round to the nearest million kilometers. 
(Lesson 13-3)

 8. Construction The entrance to a store is 6 in. 
above the level of the sidewalk. A contractor is 
building an access ramp to the entrance that 
will cover a horizontal distance of 6 ft. To the 
nearest degree, what angle will the ramp make 
with the sidewalk? (Lesson 13-4)

 9. Safety The “1-to-4” rule states that when a 
ladder is leaning against a wall, the bottom of 
the ladder should be 1 ft away from the wall 
for every 4 ft that the top of the ladder rises 
on the wall. To the nearest degree, what angle 
should the ladder make with the ground? 
(Lesson 13-4)

 10. Surveying A surveyor is measuring a 
triangular plot of land, as shown. To the 
nearest foot, what is the distance between 
stakes 1 and 2? (Lesson 13-5)

Hobbies Use the following information for 
Exercises 11 and 12.

Andrew uses pieces of wood to build triangular 
picture frames. Determine the number of triangles 
he can form using the given side and angle 
measurements. Then solve the triangles. Round to 
the nearest tenth. (Lesson 13-5)

 11. a = 10.5 cm, b = 12 cm, m∠A = 6 0  ◦ 

 12. a = 8 cm, b = 15 cm, m∠A = 4 4  ◦ 

 13. Hiking Anne and Keisha leave their campsite 
at the same time. Anne hikes due east at 
2 mi/h. Keisha heads 6 5  ◦  east of north at 
3 mi/h. To the nearest tenth of a mile, what is 
the distance d between the hikers after 
3 hours? (Lesson 13-6)

 14. A museum has a triangular window with sides 
measuring 9 ft, 11 ft, and 14 ft. What is the 
area of the window to the nearest square foot? 
(Lesson 13-6)
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Chapter 14  Applications Practice

 1. Sound Use a sine function to graph a sound 
wave with a period of 0.006 second and an 
amplitude of 5 cm. Find the frequency in hertz 
for this sound wave. (Lesson 14-1)

Recreation Use the following information for 
Exercises 2–4.

As a cyclist rides her bike, the height in inches 
above the ground of one of the pedals is modeled 
by H (t)  = 6 cos 2πt + 12, where t is the time in 
seconds. (Lesson 14-1)

 2. Graph the height of the pedal for two complete 
periods.

 3. What is the maximum and minimum height of 
the pedal?

 4. How many complete revolutions does the 
pedal make in one minute?

Use the following information for Exercises 5 
and 6. 

As a swimming pool is drained, the depth of the 

water in feet is modeled by D (t)  = 1.05 cot   π 
__ 
8
   (t +   1 __ 

2
  ) , 

where t is the time in hours. (Lesson 14-2)

 5. Graph the depth of the water in the swimming 
pool for 0 ≤ t ≤ 3.

 6. What is the starting depth of the water? Round 
to the nearest inch.

Use the following information for Exercises 7 
and 8.

The minute hand of a clock begins on the 12 
and moves around the dial. The slope of the line 
represented by the minute hand is given by the 
function S (t)  = -tan 2π (t - 0.25) , where t is the 
time in hours. (Lesson 14-2)

 7. Graph the slope of the minute hand for six 
complete periods.

 8. What is the period of the function?

 9. Physics Use the equation mg sin θ = μmg cos θ 
to determine the angle at which a steel table 
can be tilted before a copper pan on the table 
begins to slide. Assume μ = 0.53 and round 
your answer to the nearest degree. 
(Lesson 14-3)

Geometry Use the following information for 
Exercises 10 and 11.

Find the coordinates, to the nearest hundredth, 
of the vertices of 	ABC after the given rotation. 
(Lesson 14-4)

 10. A 6 0  ◦  rotation about the origin

 11. A 13 5  ◦  rotation about the origin

Physics Use the following information for 
Exercises 12 and 13.

The horizontal component of the acceleration of 
an object sliding down a frictionless inclined plane 
is a (θ)  = 9.8 sin θ cos θ, where θ is the angle of the 
inclined plane and where acceleration is measured 
in meters per second per second  (  m __ 

 s  2 
  ) . 

(Lesson 14-5)

 12. Rewrite the function in terms of the double 
angle 2θ.

 13. Graph the function for 0 ≤ θ ≤   π 
__ 
2
  . For what 

angle does the object have the greatest 
acceleration in the horizontal direction?

 14. The population in thousands of a seaside town 
is modeled by 
P (t)  = 10 sin   π

 
___ 
180

   (t - 160)  + 15, where t is the 
day of the year and t = 0 represents January 
1. How many days after January 1 is the 
population equal to 22,000? (Lesson 14-6)

 15. The temperature in New York City during 
one day in the summer is modeled by 
F (t)  = 16 sin   π 

__ 
12

   (t - 8)  + 68, where F is the 

 temperature in degrees Fahrenheit and t is 
the time in hours after midnight. At what 
times during the day is the temperature 8 0  ◦ F? 
(Lesson 14-6)
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Problem Solving Handbook

Make a Table
Solve a Simpler Problem
Use Logical Reasoning
Use a Venn Diagram
Make an Organized List

Problem Solving Strategies

Draw a Diagram
Make a Model
Guess and Test
Work Backward
Find a Pattern

Draw a Diagram
You can draw a diagram that represents the 
information in a problem to help you understand 
and solve the problem.

Carmen is participating in an online contest to win a car. She is given a choice of three 
doors. Each door leads to another level with three doors, and each of those leads to 
another level with three doors. Behind one of those final doors is the grand prize of a 
new car. What is the probability of winning the car if she chooses doors at random?

1 Understand the Problem

List the important information.

• She begins with three doors.

• Each of those doors leads to three other doors, and each of those doors leads to 
another three doors.

• One of the final doors leads to the car.

• The probability of winning is the number of cars divided by the total number of 
final door choices.

The answer will be the probability of finding the car.

2 Make a Plan

Use a tree diagram to show the possible door choices. This will show the number of 
possible paths Carmen could choose.

3 Solve

Draw the tree diagram. Draw three doors to represent the original three doors. Draw 
three more doors for each door and connect them with lines. Repeat to have three 
rows of doors.

The highlighted path shows that there is exactly one way to win the car.

The total number of paths is 27.

The probability of winning the car is   1 _ 
27

   ≈ 3.7%.

4 Look Back

Check that you drew your diagram correctly. Does the diagram accurately represent 
the information given in the question?

E X A M P L E

PRACTICE 

1. Bob has a green, a blue, a red, and a yellow marble in a bag. He randomly selects 
one marble at a time from the bag until the bag is empty. What is the probability 
that the blue marble is chosen immediately before the red one?
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Make a Model
For problems that involve objects, it is 
sometimes useful to make a model to 
help you solve the problem.

Ryan created a pyramid with a square base out of cans of soup for a store display. 
When he had finished, he needed to know the number of cans that he had used. 
The pyramid has four levels. The top level has one can, and each row beneath it has 
one additional can added to each side length. How many cans are in the pyramid?

1 Understand the Problem

List the important information.

• There are four levels.

• The top level has one can.

• The side length increases by one as you go down each level.

The answer will be the number of cans in the pyramid.

2 Make a Plan

You can use blocks to make a model of the problem. Use the blocks to create the 
pyramid in the problem. Remember to count the number of blocks as you go.

3 Solve

Since each level has one can added to the side 
length, the side length of the bottom level is 
4. Make a 4-by-4 square of blocks for the base. 
Count the number of blocks used. The level above 
has side lengths of 3, so make a 3-by-3 square on 
top of the base. Count the number of blocks used 
in this level. Continue to the top of the pyramid. 
The total number of blocks is the sum of the 
blocks at each level: 16 + 9 + 4 + 1 = 30.

4 Look Back

Make sure the pyramid matches the given information. There should be four levels 
increasing by one in side length as you go down the pyramid.

E X A M P L E

PRACTICE 

1. Paul wants to make a pyramid with an equilateral triangle base out of cans. Paul 
has 25 cans. He wants the pyramid to have one can on the top, and he wants the 
number of cans on each side of the following triangle layers to increase by one. 
How tall can Paul make the pyramid? How many cans will he have left over?

2. A display of cereal boxes is arranged with 1 box on top and each row having an 
additional box. How many boxes are in a display of 9 rows?

Make a Table
Solve a Simpler Problem
Use Logical Reasoning
Use a Venn Diagram
Make an Organized List

Problem Solving Strategies

Draw a Diagram
Make a Model
Guess and Test
Work Backward
Find a Pattern
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Guess and Test
One way to solve a problem is to guess the answer 
and test to see whether it is correct. You can continue 
to guess and test until you find the correct answer.

Tom is playing a game where he draws marbles out of a bag. Red marbles are worth 
3 points, and blue ones are worth 2 points. Tom drew 8 marbles and won 20 points. 
How many marbles of each color does Tom have?

1 Understand the Problem

List the important information.

• Red marbles are worth 3 points.

• Blue marbles are worth 2 points.

• The total number of points is 20.

• The total number of marbles is 8.

2 Make a Plan

Start with a guess in which the total number of marbles is 8. Test to see whether the 
total number of points is 20.

3 Solve

Make a first guess of 3 red and 5 blue, and find the total number of points.

Guess: 3 red and 5 blue

Test:  (3 × 3)  +  (5 × 2)  = 19

The number of points is too small. Increase the number of red marbles and decrease 
the number of blue marbles.

Guess: 5 red and 3 blue

Test:  (5 × 3)  +  (3 × 2)  = 21

The number of points is too high. Decrease the number of red marbles and increase 
the number of blue marbles.

Guess: 4 red and 4 blue

Test:  (4 × 3)  +  (4 × 2)  = 20

Tom should have drawn 4 red marbles and 4 blue marbles.

4 Look Back

Test the answer to see whether the number of marbles satisfies the question.

4 red marbles and 4 blue marbles are 8 marbles and are worth 20 points.

E X A M P L E

PRACTICE 

1. Fred has 7 coins. All the coins are nickels or dimes. The total value of the coins is 
$0.55. How many of each type of coin does he have?

2. The sum of Beth’s age and Brian’s age is 20. Three times Beth’s age plus 2 times 
Brian’s age is 55. How old are Beth and Brian?

Make a Table
Solve a Simpler Problem
Use Logical Reasoning
Use a Venn Diagram
Make an Organized List

Problem Solving Strategies

Draw a Diagram
Make a Model
Guess and Test
Work Backward
Find a Pattern
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Work Backward
Sometimes in a problem you are given an end result 
and asked to find a fact that leads to the result. In 
these cases, you can work backward to solve the 
problem.

Laura is delivering meals to retirement communities. She dropped off 2 less than   1 __ 
2
   

of the meals at the first community. Then she dropped off   1 __ 
3
   of the remaining meals 

plus 2 at the second community. She has 8 meals left. How many meals did she 
have to start?

1 Understand the Problem

List the important information.

• Laura delivered   1 __ 
2
   of the meals minus 2 at the first community.

• Laura delivered   1 __ 
3
   of the meals plus 2 at the second community.

• She has 8 meals left.

The answer will be the number of meals that she had at the start.

2 Make a Plan

Start with the 8 meals and work backward through the given information to 
determine the beginning number of meals.

3 Solve

She has 8 meals at the end, so start with 8 meals.

She delivered   1 __ 
3
   of the meals plus 2 at the second community,    3 _ 

2
   (8 + 2)  = 15

so add 2 to the number of meals and multiply by   3 __ 
2
   to undo 

giving   1 __ 
3
   away.

She had 15 meals before she visited the second community.

She delivered   1 __ 
2
   of the meals minus 2 at the first community,  2 (15 - 2)  = 26

so subtract 2 and multiply by 2 to undo giving   1 __ 
2
   away.

Laura started with 26 meals.

4 Look Back

Use the starting amount of 26 meals and work from the beginning of the problem 
following the steps.

Start: 26

Subtract   1 __ 
2
   of the meals plus 2 more: 15

Subtract   2 __ 
3
   of the meals minus 2 more: 8

E X A M P L E

PRACTICE 

1. A tree is growing in Danny’s yard. When Danny first observed the tree, he noticed 
that the number of branches on the tree had doubled that year. The year after, 
the number of branches tripled minus 3. The year after that, the tree doubled its 
number of branches, plus 6. How many branches did the tree originally have if it 
currently has 120 branches?

Make a Table
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Make an Organized List

Problem Solving Strategies
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Find a Pattern
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Find a Pattern
When the pieces of information in a problem have a 
relationship, you can find a pattern to help solve the 
problem.

Fred has 3 homework problems the first day of school. The second day he has 5. 
The third day he has 7. The fourth day he has 9. If this pattern continues, how 
many homework problems will Fred have on the tenth day of school?

1 Understand the Problem

List the important information.

• On day 1 he has 3 homework problems, on day 2 he has 5 homework problems, on 
day 3 he has 7 homework problems, and on day 4 he has 9 homework problems.

The answer will be the number of homework problems Fred will have on day 10.

2 Make a Plan

Find a pattern by comparing the number of homework problems Fred has each day. 
Then use this pattern to determine the number of homework problems he will have 
on day 10.

3 Solve

Organize the data and find the pattern.

Day
Number of Homework 

Problems Pattern

1 3 3 + 2 (1 - 1) 

2 5 3 + 2 (2 - 1) 

3 7 3 + 2 (3 - 1) 

4 9 3 + 2 (4 - 1) 

The pattern is that he gains 2 homework problems each day. Since he has 
3 problems the first day and the number of days that have passed is the day number 
minus 1, the number of homework problems Fred has on the day n is 3 + 2 (n - 1) .

The number of homework problems Fred will have on day 10 is 3 + 2 (10 - 1)  = 21.

4 Look Back

Since the pattern is that he gains 2 homework problems each day, continue the data 
in a table to make sure that he will have 21 homework problems on the tenth day. 
Check that the formula you developed satisfies the information given in the question.

E X A M P L E

PRACTICE 

1. Joseph is making signs for his student council election campaign. He made 1 sign 
the first day, 4 signs the second day, 7 signs the third day, and 10 signs the fourth 
day. How many signs will he make on the tenth day?

2. A flower is growing in a field. In year 1 there are two flowers in the field, in year 2 
there are 3, in year 3 there are 5, in year 4 there are 9, in year 5 there are 17, and 
in year 6 there are 33. How many flowers will there be in year 11?

Make a Table
Solve a Simpler Problem
Use Logical Reasoning
Use a Venn Diagram
Make an Organized List

Problem Solving Strategies

Draw a Diagram
Make a Model
Guess and Test
Work Backward
Find a Pattern
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Make a Table
When you are solving problems that involve a large 
amount of data, it is often useful to make a table to 
organize and analyze the data.

Peter, Michael, and Lisa work at the same shop. Peter works every 2 days, Michael 
works every 4 days, and Lisa works every 5 days. They all worked today. In how 
many days will they all work together again? How many days will each person work 
between now and when they all work together next?

1 Understand the Problem

List the important information.

• Peter works every 2 days, Michael every 4 and Lisa every 5.

• They all worked together today.

The answers will be:

• the number of days until they work together again and

• the number of days each person will work between now and then.

2 Make a Plan

Make a table, using ✔’s to show the days each person works.

3 Solve

Start with a ✔ in each person’s row on day 0. For Peter, place a ✔ every 2 days. For 
Michael, place a ✔ every 4 days. For Lisa, place a ✔ every 5 days.

Day 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Peter ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

Michael ✔ ✔ ✔ ✔ ✔ ✔

Lisa ✔ ✔ ✔ ✔ ✔

They will all work together again in 20 days. Peter will work nine, Michael will 
work 4, and Lisa will work 3 days between now and then.

4 Look Back

Check the information in the table. Make sure that no mistakes have been made in 
counting and that the data matches the information given in the question.

E X A M P L E

PRACTICE 

1. If Peter works every 3 days, Michael works every 5 days, and Lisa works every 
6 days, when will the next day be that they all work together if they all worked 
together today? How many days will each person work between now and when 
they all work together next?

2. A restaurant receives a shipment of produce every 2 days, a shipment of meat 
every 9 days, and a shipment of frozen food every 12 days. When will be the next 
day that all three shipments arrive if all three shipments arrived today? How many 
of each type of shipment will the restaurant receive between now and then.

Make a Table
Solve a Simpler Problem
Use Logical Reasoning
Use a Venn Diagram
Make an Organized List

Problem Solving Strategies

Draw a Diagram
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Guess and Test
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Find a Pattern
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Solve a Simpler Problem
When solving a complex problem, it is sometimes 
helpful to write a simpler problem, solve it, and then 
use a similar method to solve the complex problem.

In a garden, there are 2 flowers, 1 red and 1 blue. Each year, the number of red 
flowers increases by 1 and the number of blue flowers increases by 2. What percent 
of the flowers will be red 10 years from now?

1 Understand the Problem

List the important information.

• The field begins with 1 red and 1 blue flower.

• Each year, the number of red flowers increases by 1.

• Each year, the number of blue flowers increases by 2.

The answer will be the percent of red flowers after 10 years have passed.

2 Make a Plan

Solve a simpler problem: Find the pattern in the number of red flowers and the total 
number of flowers in ten years.

3 Solve

Make a table. Separate the two patterns. Identify each pattern and develop a 
formula.

Year Red Flowers Pattern Blue Flowers Total Flowers Pattern

0 1 1 +  (0) 1 2 2 + 3 (0) 

1 2 1 +  (1) 3 5 2 + 3 (1)
2 3 1 +  (2) 5 8 2 + 3 (2)
3 4 1 +  (3) 7 11 2 + 3 (3)

If n is the nth year, then the number of red flowers is 1 + n and the total number of 
flowers is 2 + 3n. The percent of flowers that are red is the ratio of the number of red 
flowers to the total number of flowers.

So the percent of red flowers in the nth year is   1 + n _ 
2 + 3n

  , and in 10 years the percent of 

flowers that are red is   1 + 10 _ 
2 + 3 (10) 

   =   11 _ 
32

   = 34.375%.

4 Look Back

Check that the answer is reasonable. Since the blue flowers grow faster than the red 
flowers and the garden starts with an equal number of each, there should be more 
blue flowers than red flowers. Therefore, the percent of red flowers should be less 
than 50%.

E X A M P L E

PRACTICE 

1. In a field of flowers, there are 2 flowers; 1 yellow and 1 orange. Each year, the 
number of yellow flowers increases by 3, and the number of orange flowers 
increases by 4. What percent of the flowers will be yellow in 20 years?

Make a Table
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Problem Solving Strategies
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Use Logical Reasoning
Use logical reasoning to help you solve problems by 
identifying the facts and using them to draw conclusions.

Friends Jeff, Luca, Linda, and Blair are each a different age between 11 and 14. Each 
person has a different favorite color and sport. The sports are baseball, football, tennis 
and hockey. The colors are red, blue, green, and yellow. Jeff is 11 and likes to play 
baseball. The football player is the oldest and dislikes red. The hockey player’s favorite 
color is blue. Linda does not play football. Blair likes the color green, plays tennis, and 
is a year younger than Linda. Find each person’s age, favorite color, and sport.

1 Understand the Problem

List the important information.

• Jeff is 11 and likes to play baseball.

• The football player is the oldest and dislikes red.

• The hockey player’s favorite color is blue.

• Linda does not play football.

• Blair likes the color green, plays tennis, and is a year younger than Linda.

The answer will be each person’s age, favorite color, and sport.

2 Make a Plan

Start with the given clues. Use logical reasoning to make a table of the facts.

3 Solve

Make a table. Work with the clues one at a time. Place a ✔ in a box if the clue 
matches the person and an � if it does not.

R BI G Y Ba F T H 11 12 13 14

Jeff ✔ � � � ✔ � � � ✔ � � �
Luca � � � ✔ � ✔ � � � � � ✔

Linda � ✔ � � � � � ✔ � � ✔ �
Blair � � ✔ � � � ✔ � � ✔ � �

Jeff is 11, plays baseball, and likes red. Luca is 14, plays football, and likes yellow. 
Linda is 13, plays hockey, and likes blue. Blair is 12, plays tennis, and likes green.

4 Look Back

Compare your answer to the clues in the problem. Make sure none of the 
conclusions conflict with the clues.

E X A M P L E

PRACTICE 

1. Friends Bob, Gary, Roxanne, and Robin have last names that begin with the letters 
B, S, T, and H. Their ages are 10, 12, 14, and 16, and their hair colors are blond, 
black, brown, and red. Bob’s last initial is B. Robin is a teenager. Roxanne does not 
have red hair. Bob is 2 years older than Roxanne. The oldest has the last initial S 
and brown hair. Gary’s last initial comes before Roxanne’s in the alphabet. Gary is 
10 and has black hair. Find each person’s last initial, age, and hair color.
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Use a Venn Diagram
Venn diagrams can be useful in solving problems with 
sets that overlap each other.

There were three science lectures that students could attend, one on physics, one 
on chemistry, and one on biology. Four students attended all lectures, 6 students 
went to both the biology and physics lectures, 10 students went to both the 
chemistry and physics lectures, and 16 students went to both the chemistry and 
biology lectures. If a total of 30 students attended the physics lecture, 50 students 
attended the chemistry lecture, and 60 students attended the biology lecture, how 
many students went to at least one lecture?

1 Understand the Problem

List the important information.

• all lectures: 4 • physics: total of 30

• biology and physics: 6 • chemistry: total of 50

• chemistry and physics: 10 • biology: total of 50

• chemistry and biology: 16

The answer will be the number of students that went to at least one lecture.

2 Make a Plan

Use a Venn diagram to show the number of students that attended each lecture.

3 Solve

Draw and label three overlapping circles. In the section  
where all the circles overlap, place a 4 because 4 students 
attended all the lectures. In each section where only two 
circles overlap, place the number of students that went to 
both those two lectures. Calculate the number of students 
that went to only one lecture by taking the number of 
students that attended each lecture and subtracting the 
number that also attended other lectures. The sum of 
the numbers in each circle should be the total number of 
students that attended that lecture.

The total number of students is the sum of the numbers in all the circles.

Therefore, the number of students is 24 + 6 + 10 + 16 + 4 + 10 + 20 = 90.

4 Look Back

Check your Venn diagram against the initial data to make certain that the diagram 
agrees with the question asked.

E X A M P L E

PRACTICE 

1. In summer school the math courses offered were Algebra, Geometry, and 
Calculus. Three students took all three courses, 5 students took only Algebra and 
Geometry, 1 student took only Calculus and Geometry, and 10 students took 
only Algebra and Calculus. If there were 28 students in Algebra, 24 students in 
Geometry, and 30 students in Calculus, how many students took at least one 
math course?
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Find a Pattern
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Make an Organized List
When you are solving a problem that contains a lot of 
information, it may be helpful to make an organized 
list to record the possible outcomes.

Pete’s Pizza has four toppings to choose from: pepperoni, ham, extra cheese, and 
mushrooms. How many possible pizzas are there if you can have 0, 1, 2, 3, or 4 
toppings and cannot get the same topping twice?

1 Understand the Problem

List the important information.

• There are 4 possible toppings.

• A pizza can have 0 to 4 toppings.

• You cannot have the same topping twice.

The answer will be the number of pizzas that are possible.

2 Make a Plan

Make an organized list of the possible combinations of toppings. List all the possible 
combinations.

3 Solve

Make a column for each number of toppings on the pizza. Let P = pepperoni, 
H = ham, C = extra cheese, and M = mushrooms.

0 Toppings 1 Topping 2 Toppings 3 Toppings 4 Toppings

Plain Cheese P PH PHC PHCM

H PC PHM

C PM PCM

M HC HCM

HM

CM

Adding the number of choices yields 16 possible pizzas.

4 Look Back

Make sure all the possible choices are shown in the table and that none repeat.

E X A M P L E

PRACTICE 

1. Pete’s Pizza has decided that customers may repeat toppings but choose no more 
than a total of two toppings per pizza. How many pizzas are now possible?

2. Calvin has a bag with 5 balls inside. The balls are all distinct and labeled A through 
E. How many three-letter “words” can he create by randomly removing a ball and 
not replacing it? (Consider a word to be any permutation of three letters.)

3. Matty is going to run some errands. She may stop by the cleaners, the video store, 
and the grocery store. If she plans to make at least 1 stop, how many possible 
routes can she take?

Make a Table
Solve a Simpler Problem
Use Logical Reasoning
Use a Venn Diagram
Make an Organized List

Problem Solving Strategies

Draw a Diagram
Make a Model
Guess and Test
Work Backward
Find a Pattern
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Skills Bank
Estimation

You can use estimation to find approximate values and determine whether 
your answers are reasonable.

E X A M P L E 1  Estimate 4218 + 788.

Round each value to a number that is easy to add.

 4218 + 788 ≈ 4200 + 800 = 5000 Round 4218 to 4200 and 788 to 800. Add.

4128 + 788 is about 5000.

E X A M P L E 2  Estimate 157 ÷ 28.

Round each value to a number that is easy to divide and will leave no remainder.

 157 ÷ 28 ≈ 150 ÷ 30 = 5 Round 157 to 150 and 29 to 30. Divide.

157 ÷ 28 is about 5.

PRACTICE 
Estimate.

1. 12.616 + 16.791 2. 11,624 + 396 3. 32.56 + 108.44 4. 12.84 - 6.11

 5. 6581 - 477 6. 533 - 29.1 7. 106 · 69 8. 5.23 · 14.86

 9. 215 · 19 10. 7.86 ÷ 1.94 11. 18,274 ÷ 1011 12. 561 ÷ 47

Percent Increase and Decrease

Percent change is an increase or decrease given as a percent of the original amount. 
Percent increase describes an amount that has grown. Percent decrease describes an 
amount that has been reduced.

E X A M P L E 1  Find the percent increase or decrease from 24 to 31.2.

   
amount of change

  __  
original amount

   =   31.2 - 24 _ 
24

   =   7.2 _ 
24

   = 0.3 = 30%

From 24 to 31.2 is a 30% increase.

E X A M P L E 2  Find the percent increase or decrease from 8.2 to 6.97.

   
amount of change

  __  
original amount

   =   8.2 - 6.97 _ 
8.2

   =   1.23 _ 
8.2

   = 0.15 = 15%

From 8.2 to 6.97 is a 15% decrease.

PRACTICE 
Find each percent increase or decrease.

 1. from 36 to 43.2 2. from 100 to 19 3. from 5.5 to 7.26 4. from 42 to 39.9

 5. from 220 to 327.8 6. from 9 to 10.35 7. from 0.66 to 0.594 8. from 78 to 25.74

 9. from 685 to 506.9 10. from 11 to 12.43 11. from 1.54 to 2.31 12. from 51 to 13.77
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Accuracy, Precision, and Error

The accuracy of a measurement refers to how close the measurement is to the 
actual value of the quantity. The precision of a measurement refers to the number of 
significant digits in the measured value. Use relative error to make judgments about 
measurements. Recall that relative error =   measurement - actual value  ____________________  

actual value
  .

E X A M P L E  A 1.29-foot-long object was measured as both 1.23 feet and 
1.3 feet. Which measurement was more accurate? Which was 
more precise?

Calculate the relative errors.

 Error for 1.23 ft =   1.23 ft - 1.29 ft  __ 
1.29 ft

   ≈ -0.465 ≈ -4.65%

 Error for 1.3 ft =   1.3 ft - 1.29 ft  __ 
1.29 ft

   ≈ 0.00775 ≈ 0.775%

The 1.3 ft measurement is more accurate because its relative error has a smaller 
magnitude. The 1.23 ft measurement is more precise because it is measured to more 
decimal places.

PRACTICE 
Determine which measurements are more accurate and which are more precise.

 1. measurements: 12.56 in. and 12.7 in.  2. measurements: 4.0 m and 4.24 m
actual: 12.66 in.    actual: 4.19 m

 3. measurements: 0.67 s and 0.79 s 4. measurements: 155 lb and 160 lb
actual: 0.73 s    actual: 158 lb

Dimensional Analysis and Unit Conversions

Use unit conversion factors to change one unit of measure to another. Dimensional 
analysis requires choosing the appropriate conversion factor.

E X A M P L E  Convert 5 m/s to km/h.

Use conversion factors relating meters to kilometers and seconds to hours. There are 
1000 meters in a kilometer, so the conversion factor is   1 km ______ 

1000 m
  . There are 60 seconds in

a minute and 60 minutes in an hour, so the conversion factor is   3600 s _____ 
1 h

  .

  (5   m _ s  )  (  1 km _ 
1000 m

  )  (  3600 s _ 
1 h

   )  = 18 km/h Multiply by the conversion factors.

A speed of 5 m/s is equivalent to 18 km/h.

PRACTICE 
Convert.

 1. 19 ft/h to mi/s   2. 3.65  m  2 /yr to  m  2 /day

3. 9.8 m/ s  2  to ft/ s  2     4. 12 mL/s to L/h

 5. 6552 in. to yd   6. 9 gal to pt

7. 11,232 s to h   8. 792 f t  2  to i n  2 

9. 484 mg to kg   10. 18 in./day to mi/yr
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Measure Angles

You can use a protractor to measure angles. Be sure to use the correct scale on the 
protractor when reading an angle’s measure.

E X A M P L E  Find the measure of the angle by using a protractor.

The angle measures 3 5  ◦ .

PRACTICE 
Find the measure of each angle by using a protractor.

 1. 2.  3.

Parallel Lines and Transversals

If two parallel lines are intersected by a transversal, the angle pairs shown below are 
congruent.

 Alternate interior Alternate exterior Corresponding

E X A M P L E  In the figure, line m is parallel to line n. Name three angles that 
are congruent to ∠1. Justify your answers. 

∠7: ∠1 and ∠7 are alternate exterior angles.

∠5: ∠1 and ∠5 are corresponding angles.

∠3: ∠1 � ∠7, and ∠7 and ∠3 are corresponding angles.

PRACTICE 
In the figure, line s is parallel to line t. Name three angles that are congruent 
to each given angle. Justify your answers.

 1. ∠2   2. ∠8 
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Angle Relationships

Complementary angles are two angles whose measures add to 9 0  ◦ . Supplementary 
angles are two angles whose measures add to 18 0  ◦ .
Vertical angles are a pair of opposite angles formed by intersecting lines. Vertical 
angles are congruent. Adjacent angles have a common vertex, a common side, and do 
not overlap.

In the figure shown, ∠1 and ∠3 are vertical angles, and ∠2  
and ∠4 are vertical angles. Two angles adjacent to ∠1 are 
∠2 and ∠4.

E X A M P L E

A  Name two angles adjacent to ∠CFD.

∠BFC ∠CFD and ∠BFC share vertex F and side  
 
 !!" FC  . 

∠EFD ∠CFD and ∠EFD share vertex F and side  
 
 !!" FD  .

B  If m∠CFD = 4 3  ◦ , find m∠AFB.

 m∠AFE = 4 3  ◦  ∠AFE and ∠CFD are vertical angles and are congruent.

 m∠EFB = 9 0  ◦  ∠EFB is supplementary to ∠BFC, and m∠BFC = 9 0  ◦ .
m∠AFE + m∠AFB = m∠EFB If point A is in the interior of ∠EFB, then m∠AFE + m∠AFB = 
   m∠EFB.

 4 3  ◦ + m∠AFB = 9 0  ◦  Substitute.

 m∠AFB = 4 7  ◦  Solve for m∠AFB.

PRACTICE 
Find the measure of the complement of an angle with each given measure.

 1. 2 3  ◦  2. 1 6  ◦  3. 4 2  ◦  4. 8 7  ◦  5. 3 5  ◦ 

Find the measure of the supplement of an angle with each given measure.

 6. 12 0  ◦  7. 7 4  ◦  8. 9 4  ◦  9. 2 7  ◦  10. 15 6  ◦ 

Use the figure for Exercises 11–13. 

 11. Name two angles adjacent to ∠RVS.

 12. Name a pair of complementary angles.

 13. Name two pairs of supplementary angles.

In the figure, m∠JQK = 3 8  ◦ . Find each angle measure. 

 14. m∠PQK 15. m∠MQN

 16. m∠KQL 17. m∠NQP

 18. m∠LQM 19. m∠KQM

 20. Name two angles adjacent to ∠KQL.

 21. Name two pairs of vertical angles.

 22. Name a pair of complementary angles.
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Pythagorean Theorem

The Pythagorean Theorem states that in a right triangle, the  
sum of the squares of the lengths of the legs is equal to the 
square of the length of the hypotenuse,  a  2  +  b  2  =  c  2 .

E X A M P L E  Find the unknown side length of the right triangle. 

 1 5  2  +  b  2  = 2 5  2  Substitute 15 for a and 25 for c.

  b  2  = 400 Solve for  b  2 .

   √ �  b  2    =   √ �� 400   Take the positive square root of both sides.

 b = 20

PRACTICE 

Find the unknown side length of each right triangle with legs a and b and hypotenuse c.

 1. a = 5, b = 12 2. a = 14, b = 8 3. b = 15, c = 17

 4. b = 7, c = 20 5. a = 6, c = 10 6. a = 9, c = 12

 7. a = 10, b = 15 8. b = 1, c = 3 9. a = 14, c = 20

Special Right Triangles

In a 4 5  ◦ -4 5  ◦ -9 0  ◦  triangle, the length of the legs are equal, and  
the length of the hypotenuse is   √ � 2   times the length of the legs.

In a 3 0  ◦ -6 0  ◦ -9 0  ◦  triangle, the length of the hypotenuse is twice  
the length of the shorter leg, and the longer leg is   √ � 3   times the 
length of the shorter leg.

E X A M P L E  Find the unknown side lengths of the right triangle. 

   √ � 2   · leg length = hypotenuse length 4 5  ◦ -4 5  ◦ -9 0  ◦  triangle

   √ � 2   · x = 10 Substitute.

 x =   10 _ 
  √ � 2  

   = 5  √ � 2   Solve for x.

 y = 5  √ � 2   In a 4 5  ◦ -4 5  ◦ -9 0  ◦  triangle, the leg lengths are equal.

PRACTICE 
For each length given below, find the unknown side lengths of the right triangle.

 1. p = 20   4. j = 15

 2. q = 6   5. k = 10

 3. r = 13   6. m = 8
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Properties of Polygons

A polygon is a closed plane figure formed by three or more segments. Polygons can be 
classified based on properties of their sides and angles.

E X A M P L E  Give all names that apply to each polygon.

A   B

pentagon  The polygon has 5 sides. 

quadrilateral  The polygon has 4 sides.

trapezoid     The quadrilateral has 1 pair 
of parallel sides.

PRACTICE 
Give all names that apply to each polygon.

 1.  2.  3.  4. 

Area of Polygons, Circles, and Composite Figures

To find the area of a composite figure, break it down into simpler shapes and find the 
area of each shape.

 Triangle: A =   1 _ 
2

  bh Rectangle: A = �w Trapezoid: A =   1 _ 
2

    ( b  1  +  b  2 ) h

 Parallelogram: A = bh Circle: A = π r  2 

E X A M P L E  Find the area of the figure. Round to the nearest tenth.

The figure is composed of a rectangle and a semicircle. 

Step 1 Find the area of the rectangle.

 A = �w = 6.2 (3.7)  = 22.94  in  2 

Step 2 Find the area of the semicircle.

 A =   1 _ 
2

   π r  2  Area of a semicircle

=   1 _ 
2

   π   (3.1)  2  ≈ 15.10  in  2  The radius is half the diameter, or   6.2 _ 
2
   = 3.1 in.

Step 3 Add to find the total area.

 22.94 + 15.10 ≈ 38.0 i n  2 

PRACTICE 
Find the area of each figure. Round to the nearest tenth.

 1.  2.  3.  4. 
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Relative Area

Relative area is the ratio of the area of a portion of a figure to the total area of the figure.

E X A M P L E  Find the relative area of the shaded portion of the figure compared 
to the total area of the figure. Write the relative area as a percent.

 Relative area =   Shaded area  __ 
Total area

   

 =   
π  (2)  2 

 _ 
π  (5)  2 

   =   4 _ 
25

   = 0.16

The relative area is 0.16, or 16%.

PRACTICE 
Find the relative area of the shaded portion of the figure compared to the total area of the 
figure. Write the relative area as a percent.

 1.  2.  3.

Angle Relationships in Circles and Polygons

A regular polygon has sides of equal length and has  
equal interior angles. The following formulas apply to 
regular polygons, where n is the number of sides.

θ =  (  n - 2 _ n  ) 18 0  ◦   s = 2R sin (  18 0  ◦  _ n  )   r = R cos (  18 0  ◦  _ n  ) 

E X A M P L E  A circle with a radius of 10 cm circumscribes a regular pentagon. 
Find the side length of the pentagon to the nearest tenth of a 
centimeter.

s = 2R sin (  18 0  ◦  _ n  )   Use the side length formula.

 = 2  (10)  sin (  18 0  ◦  _ 
5

  )   Substitute 10 for R and 5 for n.

 ≈ 11.8 cm Simplify.

PRACTICE 
Find the measure of an interior angle of each regular polygon.

 1. octagon 2. pentagon 3. hexagon 4. 15-gon

 5. A circle with a radius of 20 m inscribes a square.

a. Find the radius of a circle that circumscribes the square.

b. Find the side length of the square.
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Plane Figures and Coordinate Geometry

Coordinate geometry can be used to specify plane figures.

E X A M P L E A square has vertices at  (-1, -2) ,  (-1, 3) , and  (4, 3) . Find the 
coordinates of the fourth vertex of the square.

Plot the given vertices.

Connect the vertices to form two sides of a square.

Sketch the remaining sides.

The fourth vertex is located at  (4, -2) .

PRACTICE 
Give all the names that apply to each polygon with the given vertices.

 1.  (-1, 2) ,  (1, 2) ,  (3, -1) ,  (-2, -1)    2.  (-1, 1) ,  (3, -3) ,  (-1, -3) 

 3.  A parallelogram has vertices at  (-2, -2) ,  (-1, 1) , and  (3, 1) . Find the coordinates of 
the fourth vertex of the parallelogram.

Geometric Formulas

In the following geometric formulas, s is the length of a side, and r is the radius.

Regular Hexagon Regular Octagon Tetrahedron Octahedron Sphere

A =   3 s  2  _ 
2
     √ � 3  A = 2 s  2  (  √ � 2   + 1) V =    s  

3  _ 
12

    √ � 3  V =    s  
3  _ 
3
    √ � 2  

 S = 4π  r  2 

 V =   4π  r  3  _ 
3
   

E X A M P L E

A  Find the area of a regular octagon  B  Find the side length of an octahedron 
with a side length of 8 cm.  with a volume of 9  √ � 2   f t  3 .

 A = 2 s  2  (  √ � 2   + 1)  V =    s  3  _ 
3

      √ � 2  

 = 2  (8)  2  (  √ � 2   + 1)  9  √ � 2   =    s  3  _ 
3

      √ � 2  

 = 128 (  √ � 2   + 1)  27 =  s  3 

 =  (128   √ � 2   + 128)  3 = s

The area is  (128  √ � 2   + 128)  c m  2 .  The side length is 3 ft.

PRACTICE 
Find each measure.

 1. The volume of a sphere with a radius of 6 ft

 2. The side length of a regular hexagon with an area of 54   √ � 3   c m  2 

 3. The radius of a sphere with a surface area of 16π i n 2 

 4. The side length of a tetrahedron with a volume of 18   √ � 3   c m  3 
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Area and Volume Relationships

When the linear dimensions of a figure are increased or decreased by a constant 
factor of a, the area or surface area of the figure changes by a factor of  a  2 , and the 
volume changes by a factor of  a  3 .

E X A M P L E The linear dimensions of a square with an area of 160 f t  2  are tripled. 
Find the new area.

Step 1 Find the scale factor.

 The linear dimensions increase by a factor of 3, so a = 3.

Step 2 Find the new area.

 160  (3)  2  = 1440 Multiply the original area by  a  2 .

The new area is 1440 f t  2 .

PRACTICE 
 1. The linear dimensions of a cylinder with a surface area of 320  m  2  are doubled. Find the 

new surface area.

 2. The linear dimensions of an octagon with an area of 26 f t  2  are reduced by a factor of   1 __ 4  . 
Find the new area.

 3.  The linear dimensions of a cube with a volume of 2400 c m  3  are reduced by a factor 
of 50%. Find the new volume.

Surface Area and Volume

The table shows formulas for the surface area and volume of three types of solid figures.

Solid Surface Area Volume

Cylinder S = 2π r (r + h) V = π  r  2 h

Cone S = π r    √ ���  r  2  +  h  2    + π  r  2 V =   1 __ 
3
   π  r  2 h

Sphere S = 4π  r  2 V =   4 __ 
3
   π  r  3 

E X A M P L E  Find the surface area and volume of a cylinder with a radius of 6 cm 
and a height of 12 cm.

 S = 2π r  (r + h)  V = π  r  2  h Use the formulas for a cylinder.

 = 2π   (6)   (6 + 12 )  = π   (6)  2   (12)  Substitute 6 for r and 12 for h.

 = 216π = 432π Simplify.

The surface area is 216π c m  2 , and the volume is 432π c m  3 .

PRACTICE 
Find the surface area and volume of each solid.

 1. A cone with a radius of 5 ft and a height of 12 ft

 2. A cylinder with a radius of 4 m and a height of 3.5 m

 3. A sphere with a radius of 27 in. 4. A sphere with a radius of 7 cm
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Nets

A net is a diagram of the faces of a three-dimensional figure arranged in such a way 
that the diagram can be folded to form the three-dimensional figure.

E X A M P L E Find the surface area of the solid figure shown by the net.

Step 1 Identify the figure. 

The figure is a rectangular prism with length 5, 
width 2, and height 10.

Step 2 Find the surface area.

S = 2�w + 2�h + 2wh

= 2  (5)  (2)  + 2  (5)  (10)  + 2  (2)  (10)  Substitute.

= 160 Simplify.

The surface area is 160 square units.

PRACTICE 
Find the surface area of the solid figure shown by each net.

 1.  2.  3. 

Views of Solid Figures

Solid figures can be represented with orthographic views.

E X A M P L E Draw the front, top, and side views of the  
solid figure.

PRACTICE 
Draw front, top, and side views of each solid figure.

 1.  2.  3. 
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Geometric Patterns and Tessellations

A tessellation is a repeating pattern of plane figures that completely covers an area 
with no gaps or overlaps. Sequences involving tessellations and other geometric 
patterns can often be described numerically.

E X A M P L E 1  The first four figures of a pattern are shown. Write  
a sequence for the number of dots in each stage. 
Describe the pattern in the sequence, and find the 
next term.

Show the number of dots at each stage.

Stage 1 2 3 4

Dots 3 6 9 12

The terms of the sequence increase by 3 at each stage. The fifth stage probably 
contains 15 dots.

E X A M P L E 2  A parallelogram can be used to tessellate a plane as shown.  
Write a sequence for the number of parallelograms in each 
stage. Describe the pattern in the sequence, and find the 
next term.

Show the number of parallelograms in each stage.

Stage 1 2 3 4

Parallelograms 1 9 25 49

The terms of the sequence appear to be the squares of the positive odd 
numbers:  1  2 ,  3  2 ,  5  2 ,  7  2 , .... The fifth stage probably contains  9  2 , 
or 81, parallelograms.

PRACTICE 
Write a sequence for the number of dots or polygons added at each stage. 
Describe the pattern in the sequence, and find the next term.

 1.   2. 

 3.    4. 

 5.    6. 
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Factoring Quadratic Expressions

You can use several methods to factor quadratic expressions. Remember the standard 
form of a quadratic expression is a x  2  + bx + c.

E X A M P L E 1  Factor  x  2  - 5x + 6. Factors of 6 Sum

1, 6 7 ✘

2, 3 5 ✘

-1, -6 -7 ✘

-2, -3 -5 ✔

Use a table to find the factors of 6 that add to -5. These 
factors are -2 and -3.

Rewrite the expression as a product of binomial factors 
with -2 and -3 as constants.

 x  2  - 5x + 6 =  (x - 2 )  (x - 3 ) 

Check your answer by multiplying.

 (x - 2)  (x - 3)  =  x  2  - 3x - 2x + 6 =  x  2  - 5x + 6

E X A M P L E 2  Factor 2 x  2  - 18.

2 x  2  - 18

2 ( x  2  - 9)  Factor out the GCF, 2.

2 ( x  2  -  3  2 )  Rewrite 9 as  3  2 .

2 (x - 3)  (x + 3)  Factor the difference of squares:  a  2  -  b  2  =  (a - b)  (a + b) .

Check your answer by multiplying.

 2 (x - 3)  (x + 3)  =  (2x - 6)  (x + 3) 

 = 2 x  2  + 6x - 6x - 18

 = 2 x  2  - 18

E X A M P L E 3  Factor 6 x  2  + x - 2.

Factor by guess and check. The coefficient of the  x  2  term is 6, and the constant term in 
the trinomial is -2.

 (1x - 1)  (6x + 2)  = 6 x  2  - 4x - 2 ✘

 (1x - 2)  (6x + 1)  = 6 x  2  - 11x - 2 ✘

 (1x + 1)  (6x - 2)  = 6 x  2  + 4x - 2 ✘

 (1x + 2)  (6x - 1)  = 6 x  2  + 11x - 2 ✘

 (2x - 1)  (3x + 2)  = 6 x  2  + x - 2 ✔

The factored form of 6 x  2  + x - 2 is  (2x - 1)  (3x + 2) .

PRACTICE 
Factor.

 1.  x  2  - 5x - 14  2.  x  2  - 81  3. 6 x  2  - 12x

 4.  x  2  + 7x + 12  5. 4 x  2  + 8x + 4 6. 3 x  2  - 147

 7. 7 x  2  - 5x - 2 8. 6 x  2  - 5x + 1 9.  x  2  + 2x - 99

 10. 21 x  2  - 40x - 21  11. 20 x  2  + 11x - 42 12. 10 x  2  - 55x - 200

 13. 2 x  2  + 6x 14.  x  2  - 10x + 25 14. 2 x  2  + 14x + 12

 16. 5 x  2  - 20 17.  x  2  - 7x - 30 18. 3 x  2  + 16x + 5
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Mean, Median, Mode, and Range

The mean of a data set is the sum divided by the number of values. The median is the 
middle value in a numerically ordered set. The mode is the value or values that occur 
most often. The range is the difference between the greatest and the least values.

E X A M P L E Find the mean, median, mode, and range of the data.
⎧  ⎨  
⎩
 4, 6, 1, 6, 2, 7, 8, 2, 7, 2 ⎫ 

 
 ⎬   

⎭
 

Mean: Add all the values and divide by the number of values.

 mean =   45 _ 
10

   = 4.5 
The sum is 45.

There are 10 values.

Median: First, order the values from least to greatest.  ⎧ 
 
 ⎨   

⎩
 1, 2, 2, 2, 4, 6, 6, 7, 7, 8 ⎫ 

 
 ⎬   

⎭
 

 median =   4 + 6 _ 
2

   = 5 
Since there are an even number of values, 10, the median 

is the average of the 5th and 6th values.

Mode: Find the value that repeats the most.  ⎧ 
 
 ⎨   

⎩
 1, 2, 2, 2, 4, 6, 6, 7, 7, 8 ⎫ 

 
 ⎬   

⎭
 

 mode = 2 The value 2 occurs most often.

Range: Find the difference between the largest and smallest value: range = 8 - 1 = 7

PRACTICE 
Find the mean, median, mode, and range of each data set.

 1.  ⎧  ⎨  
⎩
 5, 1, 5 ⎫ 

 
 ⎬   

⎭
  2.  ⎧ 

 
 ⎨   

⎩
 7, 5, 3, 25 ⎫ 

 
 ⎬   

⎭
   3.  ⎧ 

 
 ⎨   

⎩
 2, 0, 0, 3, 0, 1, 0 ⎫ 

 
 ⎬   

⎭
  4.  ⎧ 

 
 ⎨   

⎩
 15, 17, 171, 4, 0, 15, 2, 4 ⎫ 

 
 ⎬   

⎭
 

Data Displays

Stem-and-leaf plots group the data by place value. Box-and-whisker plots show the 
least and greatest values, the median, the first quartile (the median of the lower half 
of the data), and the third quartile (the median of the upper half of the data).

E X A M P L E Use the data.  ⎧ 
 
 ⎨   

⎩
 45, 47, 39, 30, 29, 37, 10, 50, 28, 49, 47, 36, 39, 28, 44 ⎫ 

 
 ⎬   

⎭
 

A  Draw a stem-and-leaf plot of the data. 

Sort the data:

  10, 28, 28, 29, 30, 36, 37, 39, 39, 44, 45, 47, 47, 49, 50 

Stems Leaves

1 0

2 8 8 9

3 0 6 7 9 9

4 4 5 7 7 9

5 0

   The stems represent the tens digit, and the leaves represent 
the ones digit—the number 10 is shown in red.

B  Draw a box-and-whisker plot of the data.

   The least value is 10; the greatest value is 50; the median is 39; 
the first quartile is 29 (the median of 10, 28, 28, 29, 30, 36, and 37); 
and the upper quartile is 47.

PRACTICE 
Draw a stem-and-leaf plot and a box-and-whisker plot of the data.

 1.  ⎧  ⎨  
⎩
 35, 30, 21, 19, 15, 29, 28, 15, 24, 20, 34, 30, 23, 29, 16, 19, 24, 28, 31, 33, 22, 5 ⎫ 

 
 ⎬   

⎭
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Statistical Graphs

Statistical graphs include bar graphs, circle graphs, and line graphs. Bar graphs 
compare numerical amounts; circle graphs compare parts of a whole; and line graphs 
show changes in data, such as over time.

E X A M P L E Make a line graph of the data.

Year 2006 2007 2008 2009 2010 2011

Sales (million $) 5.2 4.9 6.8 7.1 12.9 11.4

Use “Year” evenly spaced on the horizontal axis  
and use “Sales (million $)” on the vertical axis. 
The vertical axis should go from 0 to at least 12.9 
to accommodate all the data.

PRACTICE 
 1. Draw a bar graph and a circle graph of the data.

Students in 11th-Grade Classrooms

Classroom A B C D E Total

Students 21 28 17 30 24 120

Sampling Methods and Bias

There are several sampling methods you can use when collecting a random sample of 
data from a population.

Random Sampling Each member of the population has an equal chance of being selected.

Systematic Sampling A rule or formula is used, such as surveying every nth person.

Stratified Sampling
The population is divided into groups, and then sampling is done within 
each group.

These sampling techniques are designed to reduce the bias in taking surveys. Bias is 
any factor that prevents an accurate representation of the population. Systematic and 
stratified sampling may or may not be random.

E X A M P L E Hal asks every third person wearing a blue shirt for their favorite color. 
Identify the sampling method and explain whether the survey is biased.

Surveying every third person is systematic sampling but is not random. The survey is 
biased because people wearing blue shirts might have a greater probability of liking 
blue than the rest of the population.

PRACTICE 
Identify the sampling method or methods and explain whether the survey is biased.

 1. Lisa asks the first 10 boys and the first 10 girls who arrive at school in the morning what 
method of transportation they take to get to school.
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Pascal’s Triangle

Pascal’s triangle is a triangle of numbers. 
Row 0 →       1

Row 1 →     1  1

Row 2 →    1  2   1

Row 3 →   1  3  □  1

Row 4 →  1  4  □  □  1

Row 5 → 1  5  10  □  5  1

•  Each row has one more number than 
the row above it.

•  Each number is the sum of the two 
numbers directly to the left and right 
above it.

•  The first and last numbers of a row are 
each 1.

• Each row is symmetric.

E X A M P L E Find the missing number in row 3.

Method 1 Add the two  
Row 2 →    1  2   1

Row 3 →   1  3  3  1
numbers above it in row 2.

Method 2 Since the row is 
symmetric, it is the same as the  

Row 3 →   1  3  3  1second term in row 3.

PRACTICE 
 1. Complete the first 5 rows above. 

120  210  □

 330  462  462
 2. Part of Pascal’s triangle is shown. 

Find the missing number.

 3. Find the first two numbers in row 27.

 4. The third number in row 12 is 220. Find the last three numbers in row 12.

 5. What row gives the coefficients of   (x + 1)  2  when written in standard form?

Exponents in Probability Formulas

If the probability of an event p is always the same, the probability that it occurs 3 times in 
succession is p · p · p, or  p  3 . The probability P that it occurs n times in succession is  p  n .

E X A M P L E What is the probability of getting 3 tails in a row when flipping a coin?

 P =  p  n  Write the probability formula.

 P = 0. 5 3  Substitute 0.5 for p and 3 for n.

 P = 0.125

The probability of getting 3 tails in a row is 0.125.

PRACTICE 
 1. Find P if p = 0.7 and n = 4.

 2. There is a 60% chance Cal will get home on time each day. What is the probability he 
will get home on time all 5 days this week?

 3. What is the probability of getting 2 ones in a row when rolling a number cube twice?
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Proofs

A proof is an argument that uses logic to show that a conclusion is true. There are 
several different techniques that you can use to prove a conclusion is true.

The goal in a proof is to reach a statement that is either always or never true and either 
confirms or contradicts the desired conclusion.

E X A M P L E 1  Prove  (x - 3)  (x + 2)  =  x  2  - x - 6.

Begin with  (x - 3)  (x + 2)  and multiply to show it equals  x  2  - x - 6.

 (x - 3)  (x + 2)  = x · x +  (-3)  · x + 2 · x +  (-3)  · 2

  =  x  2  - 3x + 2x - 6

  =  x  2  - x - 6 ✔

E X A M P L E 2  Prove  (x - 3)  (x - 1)  =   (x - 2)  2  - 1.

Simplify each side to obtain equivalent expressions.

 Left Side  Right Side

  (x - 3)  (x - 1)    (x - 2)   2  - 1

  x  2  - 3x - x + 3  x  2  - 2x - 2x + 4 - 1

  x  2  - 4x + 3  x  2  - 4x + 3

 (x - 3)  (x - 1)  =  x  2  - 4x + 3 =   (x - 2)  2  - 1 ✔

E X A M P L E 3  Disprove x (x - 4)  + 4 =  (x + 1)  (x - 5) .

Assume that x (x - 4)  + 4 =  (x + 1)  (x - 5) . Then simplify.

 x (x - 4)  + 4 =  (x + 1)  (x - 5) 

  x  2  - 4x + 4 =  x  2  - 4x - 5

 -4x + 4 = -4x - 5 Subtract  x  2  from both sides.

 4 = -5 ✘ Add 4x to both sides.

Since 4 ≠ -5, the assumption must be false.

x (x - 4)  + 4 ≠  (x + 1)  (x - 5) 

PRACTICE 
Prove or disprove each statement.

 1.   (a + b)  3  =  a  3  +  3a  2 b + 3a b  2  +  b  3 

 2.   (x + 1)  3  =  ( x  3  + 1)  + 3x (x + 1) 

 3.   1 _ 
x + 2

   +   1 _ 
x - 2

   =   2x _ 
 x  2  - 4

  

 4.   √ �� 4 x  6    =   
3
 √ �� 8 x  9   , where x ≥ 0

 5.   (x + 4)  2  =  x  2  + 8x + 8

 6.  x  2  (x + 1)  + 3 (x - 1)  = x ( x  2  + 3)  +  (x - 2)  (x + 2) 

 7.  (x + 2)  (x + 8)  =   (x + 5)  2  - 9

 8.  (x + 1)  (x - 6)  (x + 7)  =  x  3  +  2x  2  - 41x - 42
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Logical Reasoning and Conditional Statements

Logical reasoning is a process of making conclusions based upon given information. 
When using logical reasoning it is sometimes best to write the given information as 
conditional statements. A conditional statement is a statement that can be written in 
the form “if p, then q,” where p is the hypothesis and q is the conclusion.

E X A M P L E Use logical reasoning to draw a conclusion from the given premises. 
If Aaron joins the baseball team, then Brandon will join the team. 
If Brandon joins the baseball team, then Corey will not join the team. 
Aaron joins the baseball team.

Because Aaron joins the team, Brandon also joins. Because Brandon joins the team, 
Corey will not join.

Conclusion: Corey does not join the team.

PRACTICE 
Use logical reasoning to draw a conclusion from the given premises.

 1. If it is raining, then the sun does not shine. It is raining.

 2. If it is Friday, then we go out for dinner. If we go out for dinner, then we eat pasta. It is 
Friday.

 3. If a quadrilateral is a square, then it has 4 right angles. If a quadrilateral has 4 right 
angles, then it is a rectangle.

Venn Diagrams

A Venn diagram is used to show relationships between sets.

E X A M P L E Draw a Venn diagram of the relationships between the following sets:
A: factors of 20    B: factors of 75    C: factors of 18

Find the elements of each set:

A:  ⎧ 
 
 ⎨   

⎩
 1, 2, 4, 5, 10, 20 ⎫ 

 
 ⎬   

⎭
     B:  ⎧ 

 
 ⎨   

⎩
 1, 3, 5, 15, 25, 75 ⎫ 

 
 ⎬   

⎭
     C:  ⎧ 

 
 ⎨   

⎩
 1, 2, 3, 6, 9, 18 ⎫ 

 
 ⎬   

⎭
 

Draw three overlapping circles. Label one circle  
for each set. Place each element in the 
appropriate circle or overlapping region.

PRACTICE 
Draw a Venn diagram for each of the following sets.

 1. Set A: factors of 45  Set B: factors of 12  Set C: factors of 50

 2. Set A: factors of 100  Set B: factors of 225  Set C: factors of 36
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Graph Theory: Euler and Hamiltonian Paths

A vertex-edge graph is a set of points, or  
vertices, that are connected by a set of 
lines, or edges. If you trace through the 
graph from vertex to vertex along the 
edges, you create a path.

An Euler path includes every edge in the  
graph exactly once. Not every graph has 
an Euler path.

A Hamiltonian path includes every vertex in  
the graph exactly once. Not every graph has 
a Hamiltonian path.

E X A M P L E Find an Euler path and a Hamiltonian path  
for the graph, if possible.

Try the vertices in sequence. To 
complete the path, revisit vertices 
2, 5, and 1. This is an Euler path.

Try the vertices in sequence. Stop at 
vertex 6. This is a Hamiltonian path.

PRACTICE 
Find an Euler path and a Hamiltonian path for each graph, if possible.

 1. 2. 3.
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Selected Answers
Chapter 1

1-1

Check It Out! 1a. -2, -  √ � 3  , 
-0.321,   3 _ 

2
  , π b. -2: &, ', *; -  √ � 3  :

&, irrational; -0.321: &, ';   3 _ 
2

  : &, '; 

π: &, irrational 2a. (-∞, -1] 
b. (-∞, 2] or (3, 11] 3a. even 
numbers between 1 and 9 

b. {3, 4, 5, 6, 7} c. {x |x ≥ 99}

Exercises 1. roster notation 
3. -  100 _ 

4
  , -6.897,   1 _ 

8
  ,   √ � 4  ,   √ � 6  ; -  100 _ 

4
  :

&, ', *; -6.897: &, ';   1 _ 
8

  : &, ';   √ � 4  : 
&, ', *, W, .;   √ � 6  : &, irrational 
5. (-10, 10] 7. [1, 20) or  (30, ∞)  
9. {x | -5 ≤ x < 3} 11. {-5, -4, -3, 
-2, -1, 0, 1, 2, 3, 4, 5} 

13. -2, -  √ � 2  , -1. 
−− 25 ,   

  √ � 2  
 _ 

3
  ,   1 __ 

2
  ; -2: &, 

', *; -  √ � 2  : &, irrational; -1. 
−− 25 : &, 

';   
  √ � 2  

 _ 
3

  : &, irrational;   1 _ 
2

  : &, ' 

15.  (-∞, 5)  or  (5, ∞)  17. [-3, 3] 
19. {11, 22, 33, 44, 55, 66, 77, ...} 
21. {x | -9 ≤ x ≤-1 and x is odd} 
23. ' 27. numbers greater than or 
equal to -4 and less than 8; cannot 
be expressed in roster notation; 
{x | -4 ≤ x < 8} 29. numbers greater 
than 0 and less than 1; cannot be 
expressed in roster notation;  (0, 1) 
31.  (-∞, 2)  or  (2, ∞) ; {x | x ≠ 2} 
33.  (1, 10) ; {x | 1 < x < 10} 
35.  (-∞, 5)  or (5, 10]; 
{x | x < 5 or 5 < x ≤ 10} 37. false 
39. true 41. {x | 11 ≤ x ≤ 12}; 
{x � 12 ≤ x ≤ 13}; {x | 14 ≤ x ≤ 16} 
45. (-∞,-1] or  (3, 6)  or [9, ∞) 

47. 

49. 

51. 

53. . 55. W 57a. interior designer, 
police officer, pediatric nurse, 
marine biologist, astronaut b. The 
order would not change. c. The 
order would not change. d. {46,000, 
52,900, 59,800, 79,350, 106,950} 
63. D 65. B 67. finite; ' 69. finite; 
', *, W, . 75. $20, $20, and $10

1-2

Check It Out! 1a. -500;   1 _ 
500

   

b. 0.01; -100 2a. Commutative 
Property of Multiplication 
b. Associative Property of 
Multiplication 3. $3.12 
4a. always true by the Additive 
Inverse Property b. sometimes 
true; possible answer: true when 
a = 0, b = 1, and c = 2; false when
a = 1, b = 2, and c = 3

Exercises 1. 36; -  1 _ 
36

   3. -2  √ � 2  ;

   1 _ 
2  √ � 2  

   5.   1 _ 
500

  ; -500 7. Associative 

Property of Multiplication 
9. Commutative Property of 
Multiplication 11. $7.33 
13. sometimes true 15. 2.5; -  2 _ 

5
   

17. -2π;   1 _ 
2π

   19. -  1 _ 
20

  ; 20 
21. Distributive Property 
23. Additive Identity Property 
25. $9.80 27. never true by the 
Multiplicative Inverse Property 
29. 4 (11.99)  -2 (8.88)  = $30.20 
31. 3 (0.9)  (9.96)  + 5 (0.75)  (11.99)  = 
71.8545 ≈ $71.85 33. ≈ 2 loops 
35. 5; Associative Property of 
Addition 37. 0; Additive Identity 
Property 39.   5 _ 

4
   ; Multiplicative 

Inverse Property 41. yes 
45. Multiplicative Identity Property 
47. Distributive Property; 
Associative Property of Addition 
49. Distributive Property 53. D 
55. C 57. n = 2 59. 66.7% 
61. -4  √ � 2   63. (-10, 0] 
65. cannot be notated 

1-3

Check It Out! 1. -7.4 2a. 4  √ � 3   

b.   3 _ 
2

   c. 10 d. 7 3a.   3  √ � 35  
 _ 

7
   b.   

  √ � 10  
 _ 

2
   

4a. 13  √ � 5   b. -  √ � 5   

Exercises 1. radicand 3. 4.5 5. 3.6

7. 12 9. 4  √ � 5   11. -5  √ � 2   13. -    √ � 7  
 _ 

7
   

15. 5  √ � 2   17.   √ � 2   19. -3.9 21. 9.9 

23. -  1 __ 
11

   25. -8  √ � 5   27. 5  √ � 17   

29. -3  √ � 21   31.   9  √ � 2  
 _ 

4
   33.     

√ � 3  
 _ 

30
   

35. 7  √ � 7   37. 23  √ � 3   39. 8  √ � 7   
41. -3  √ � 6   43. 33.9 cm 45. 99.0 in.
47. about 50 in. by 50 in. 49. 180 

51. 2  √ � 5   - 5  √ � 2   53.   3  √ � 35   +   √ � 5   
  __ 

5
   

55.   16  √ � 10  
 _ 

5
   57. 600 ft by 600 ft 

59. 7467.3 ft 61. 8167.7 ft 
63. always true 65. no 67a. ≈ 7.81 s
67b. ≈ 3.20 s 69. H 71. 8.9 
73a. 6 in.; 6  √ � 5   in. b. 54  in  2  
c. 18 + 6  √ � 2   + 6  √ � 5   in. 
75. tetrahedron or triangular 
pyramid 77. triangular prism 

79. 1.5 < x < 8 81.   3 _ 
4

   < x <   5 _ 
2

   

83. Commutative Property of
Addition 85. Distributive Property 

1-4

Check It Out! 1a. 18 + y 
b. 3600h 2. -15 3. -6x - 8xy - 9y
4a. 8000 - 30h b. $ 7160

Exercises 1. 0.79c 3. 9 5. -12a + 9 
7. 1 + 5ab - 25a -  b  2  9.  (180 - x) °
11. -18 13. 115 15. 3x - 12y + 2 
17. 5 - 3m - 2n 19a. 500 - 20m 
b. 460 min or 7 h 40 min 21. 5 g  2  -

6g + 1; 28 23.    a  2  - 2 b  2  + 2a  __ 
2 + a

  ; -7

25.

x   (x - 4)  2  x  2  + 16  x  2  - 8x + 16

1 9 17 9

0 4 20 4

2 1 25 1

4 0 32 0

  (x - 4)  2  =  x  2  - 8x + 16
27. 7a + 4b 29a. 4125 - 175d 
b. $3250 c. They save $175 per day. 
31. y = -40; y = -25; y = -7; y = -5; 
y = -10 33. y = 7; y = 15; y = 1; 
y = -13; y = -5 37. G 39. a = 8 
41. a = 22 43a. 4; undefined; -48; 

undefined; 36;   147 _ 
8

   b. x = 1 and 

x = 3 c. {x | x ≠ 1 and x ≠ 3} 
45. square pyramid 47. ' 
49. irrational 51. 3  √ � 6   53. 14 

1-5

Check It Out! 
1a.  (2a)  (2a)  (2a)  (2a)  (2a)  
b. 3 · b · b · b · b 
c. - (2x - 1)  (2x - 1)  (2x - 1)  · y · y 

2a. 9 b. -  1 _ 
3125

   3a. 12 5x  18  

b. -  1 _ 
8 a  9  b  3 

   4a. 2.5 × 1 0  -4  

b. 1.24 × 1 0  -9  5. ≈ 8.33 min
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Exercises 3.  (12xy)  (12xy)  (12xy) 

(12xy)  5.  (-  1 _ 
2

  d)  (-  1 _ 
2

  d)  (-  1 _ 
2

  d)  7. 1 

9.   1 _ 
10

   11. c d  6  13.   
10 y  10 

 _ 
 x  4 

   

15. -4 m  4  n  6  17.   
 y  3 

 _ 
 x  4 

   

19. 3 ×  10  11  21. 400 
23. 5 · x · x · x 
25. 2a (- b  2  -a)  (- b  2 - a)  27. -  4 _ 

3
   

29. -1 31. - x  20   y  10  33. -16 a  5  b  7  
35. 1.5 × 1 0  9  37. 1.55 min 
39.  2  6 ,  2  2 ,  2  5 ,  2  -8 ;  16  -2 ,  4  1 ,  2  5 ,  8  2  
41. - 2  6 ,  2  0 ,  2  4 ,  2  -2 ; - 8  2 ,  2  -2 ,  4  0 ,  16  1 

43. 3 m  5  n  4  45.   3x _ 
2 y  3 

   47. -24 a  3  b  7 

49.   9 m  2  _ 
25 n  2 

   51. 1296 53. 1728 

55a. 3742 km/h b. ≈ 288,609 times 

as fast c. ≈ 1.28 s 57. -  7 x  3  _ 
4 y  2 

   

59.   100 _ 
 x  4  z  6 

   61.   8 m  4  _ 
 n  2 

   63. Laos; 25.6 

65. Vietnam; 615.6 
67. ≈ 2.84 ×  10  9  beats 
69. ≈ 1.27 ×  10  5  hairs 71. Power 
of a Product Property or Power of 
a Power Property 73. Power of a 
Quotient Property or Power of a 
Power Property 77. 6.5 ×  10  -15  
79.  3.5 × 10  14  81. 1.1346 ×  10  24  
83. C 85. C 87. ≈ 2.0363 ×  10  -4  

91.   1 _ 
3

   93. 8 95. -  1 _ 
3

   

1-6

Check It Out! 1. D: {-2, -1, 0, 1, 
2, 3}; R: {-3, -2, -1, 0, 1, 2} 
2a. function b. not a function 
3a. function b. not a function;  
(1, 2)  and  (1, -2)  

Exercises 1. range 3. D: {2000, 
2001, 2002, 2003}; R: {5.39, 5.65, 
5.80, 6.03} 5. not a function 
7. function 9. D: {Irene, Anna, 
Lea, Kate}; R: {12, 16, 22} 
11. function 13. not a function 
15. function 17. D: {-2, -1, 0, 1, 
2}; R: {-2, 0, 2} 19. D: {jumbo, 
extra large, large, medium}; R: 
{1.75, 2, 2.25, 2.5} 
21a. function b. function 
c. not a function d. function 
e. not a function 23. D: {a, b, c, d}; 
R: {1, 2, 4}; function 
25. D: {1, 3, 5, 7, 9}; R: {3}; 
function 27. D: {3, 4, 5, 6, 7}; 
R: {-1, 2, 3}; function 29. D: 

{Monday, Tuesday, Wednesday, 
Thursday, Friday, Saturday, 
Sunday}; R: {24}; function 31. B to A
33. A to B 35. B to A 37. both 
39. No; the relation is not a function.
41a. Yes, the relation is a function.
b. It is a function. c. 2d: ≈ 0.0183 oz; 
3d: ≈ 0.0282 oz; 4d: ≈ 0.0506 oz; 
5d: ≈ 0.0590 oz; 6d: ≈ 0.0884 oz 
45. F 47. b ∈ & and a ≠ {-1, 0, 1, 2}
49. One to one; each length in feet 
corresponds to only one length in 
inches. 51. 288 ft 53. 36π ≈ 113.1  ft  2 

55. 4.7 57. 9.5 59.   20 _ w   61.    x  21  _ 
 z  7 

   

1-7

Check It Out! 
1a. f  (0)  = 0; f  (  1 _ 

2
  )  = -  7 _ 

4
  ; f  (-2)  = 12

b. f  (0)  = 1; f  (  1 _ 
2

  )  = 0; f  (-2)  = 5

2a. 

0 4 8 12

4

8

12

b.  

3a. f  (x)  = 0.27x b. 6.48; the price 
to develop 24 prints, in dollars 

Exercises 1. independent
3. f  (0)  = 9; f  (1.5)  = 11.25; 
f  (-4)  = 25 5. f  (0)  = 3; f  (1.5)  = 4; 
f  (-4)  = 4 7. f  (0)  = -5; f  (1.5)  = 1; 
f  (-4)  = 1

9.  

11. f  (x)  = 125x; 6250; the loss if 
50 customers purchase the living 
room set, in dollars

13. f  (0)  = 0; f  (  3 _ 
2

  )  = -  3 _ 
4

  ; 

f  (-1)  = -2 

15. f  (0) = 2; f  (  3 _ 
2

  )  = 5; f  (-1)  = 0

17. f  (0) = 0; f  (  3 _ 
2

  )  = 3; f  (-1)  =   1 _ 
2

   

19.  

21. f (m) = 160 + 4m; 192; a fine 
of $192 for driving 8 mi/h over the 
speed limit 
23. f  (-3.5)  = -16.5; f  (-1)  = -9; 

f  (  1 _ 
4

  )  = -5.25; f  (2)  = 0; f  (11)  = 27

25. f  (-4)  = -3; f  (0)  = -  1 _ 
3

  ; 

f  (  1 _ 
2

  )  = 0; f  (5)  = 3

27. f  (-2)  0 = -1; f  (-1)  = 2; f  (1)  = 2;
f  (2)  = -1 29. D: {A � A ≥ 0}; 

R: {y | y ∈ W } 31. D: {t � t ≥ 0}; 

R: {y | - 16 < y ≤ 32.8} 33. t = 35;

the number of years it takes for 
plan h to reach a value of $7500 
35. t = 40; the time when plan g 
is worth   1 _ 

2
   the value of plan h 

37. h (40)  - g (40)  = 5000; the 
difference in the value of the 
plans after 40 years 39. When 

x = 3, f  (x)  =   1 _ 
x - 3   =   1 _ 

0
  , but

division by 0 is undefined. 
41. For -5 < x < 0, x represents 
negative hours, and distance 
traveled would be negative. 
43. independent: number of 
shirts; dependent: total cost; 
domain: x ≥ 15 45. f  (x)  = 2.37x 
47. f  (x)  = 0.8x 51. H 53. 31 

55. g (-  h _ 
4

  )  = 1 57. r ( t  4 )  =   
  √ ���  t  16  + 4  

 _ 
 t  4 

  

59. 12x - xy + 8 61.   c - 2 _ c   

63. b is any value. 65. yes

1-8

Check It Out! 
1a.  (3, 3)  b.  (-2, 1)  
2a. 

x + 3 x y

1 -2 4

2 -1 0

3 0 2

5 2 2
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b. 

x y -y

-2 4 -4

-1 0 0

0 2 -2

2 2 -2

3. 

x y 2y

-1 3 6

0 0 0

2 2 4

4 2 4

4. vertical compression by a factor

of   3 _ 
4

  

Exercises 1. compression 
3.  (4, -1) 

5. 

7. 

9. 

11. vertical compression by a 
factor of   1 _ 

2
   13. horizontal shift 

right 5 units 15.  (3, 5)  

17. 

21. 

25. vertical shift down 5 units 
27. horizontal stretch by a factor 
of 2 29. 10 square units; the same 
as the original 31. 7 square units; 
smaller than the original 
33. 10 square units; the same as 
the original 35. 30 square units; 
larger than the original 
37a. vertical translation 
b. horizontal compression 
c. the increase in the per-hour 
labor rate 

39. 

41. 

43. The library is half as far 
from Roberta’s house. 47. H 
49. H 53a. c (n)  = 0.37n 
b. vertical stretch c. 15 in 1999 
and 13 in 2002 d. The number of 
letters that can be mailed for $5.00 
must be rounded down to the 
nearest whole number. 
55. 110 57. yes 59. f  (1)  = -  1 _ 

2
  ; 

f  (-3)  = -  17 _ 
2

  ; f  (  1 _ 
4

  )  = -2 

61. f  (1) = 0; f  (-3) = 64; 

f  (  1 _ 
4

  )  =   225 _ 
256

  

1-9

Check It Out! 1a. cubic; translation
2 units up b. quadratic; reflection 
across the y-axis 
2. linear; vertical stretch by a 
factor of 3

 

3. linear; about $72

 

Exercises 3. quadratic; translation
1 unit left 5. square root; 
translation 3 units left 7. linear; 
translation   √ � 2   units down 
9. cubic; vertical compression or 
horizontal stretch 11. quadratic; 
translation 1 unit down 
13. cubic; translation 3 units up 
15. square root; vertical stretch or 
horizontal compression 
17. D: {x  |  x ≥ 0}; R: {y � y ≥ 0}; 
vertical stretch by a factor of 3 
19. D: {x  |  x ≥ 0}; R: {y � y ≤ 0}; 
reflection across the x-axis 
21. D: {x | x ∈ &}; R: {y | y ≤ 1}; 
reflection across the x-axis and 
then a vertical shift up 1 unit 
23. $195 25. quadratic; horizontal 
shift right 7 units 27. linear; 
reflection across the y-axis and a 
vertical shift down 1 unit 
29. linear; ≈ 1500 pixels 
31. quadratic; ≈ 1417 pixels 
33. Cubic; D: {� | � ≥ 0}; 
R: {y | y ≥ 0}; the domain and 
range are restricted. 
35. Linear; D: {n | n ∈ .}; 
R: {y  |  y ∈ .}; the domain and 
range are restricted. 
37. Square root; D: {a  |  a ≥ 0}; 
R: {y  |  y ≥ 0}; the domain and 
range are the same. 
39a. linear b. cubic 
c. quadratic d. square root 
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e. linear; horizontal stretch 
by a factor of 2 and a vertical 
shift up 3 units 43. H 45. G 
47. quadratic 49. linear 
51. 7.5 ×  10  9  53. 2.0 ×  10  -25  

55. f  (-5)  = 15; f  (-  2 _ 
3

  )  = -  8 _ 
9

  ; 

f  (1.6)  = 5.76; f  (4)  = 24 57.  (4, -10)  

Study Guide: Review

1. domain; range 2. {x | x ≥ -5} 
3. (-1, 5] 4. {4, 5, 6, 7, ...} 
5. {x | x < -2 or x > 5} 
6. integers greater than -4 and 
less than or equal to 5 7. [ 5.5, 5.6 ] 
8. Commutative Property of 
Multiplication 9. Distributive 
Property 10. -0.55;   1 _ 

0.55
   

11.   7 _ 
8

  ; -  8 _ 
7

   12. -1. 
− 2 ;   1 _ 

1. 
− 2  

   or   9 _ 
11

   

13. 3.5 14. 7.4 15. 8.6 16. 5.4 

17. 4  √ � 2   18. 4 19. -4  √ � 2   

20. 3  √ �  7   21.   7  √ � 2  
 _ 

2
   22.     

√ � 10  
 _ 

5
   

23. -96 24. 14 25.   1 _ 
8

   

26. 11x - 3y 27. 18 - 5a + b 
28. -3x - 12y 29.  a  2 c + 2bc 

30.   -8 x  15  _ 
 y  9 

   31.   -12 x  7  _ 
7 y  9 

   32.    r  4  _ 
 s  4 

   

33.   4 m  6  _ 
 n  4 

   34. 7 × 1 0  7  

35. 5.4 ×  10  1  36. D: {3, 5, 7}; 

R: {-1, 0, 9}; not a function 
37. D: [-2, ∞); R: [ -4, ∞}; 

not a function 38. D: {-2, 0, 3, 4}; 
R: {3, 4}; function 

39. D: {5, 10, 15, 20, 25}; 

R: {-5, -4, -3, -2, -1}; function

40. D: {a, b, c}; R: {Alabama, 
Alaska, Arizona, Arkansas, 
California, Colorado, Connecticut}; 
not a function 

41. f  (2)  = -2; f  (  1 _ 
2

  )  =   7 _ 
4

  ; f  (-2)  = -2 

42. f  (2) = -16; f  (  1 _ 
2

  )  =-  17 _ 
2

  ; f  (-2) = 4

43. f  (2) = -1; f  (  1 _ 
2

  )  = 1; f  (-2) = 2 

44. f  (2) =   1 _ 
2

  ; f  (  1 _ 
2

  )  = 2; f  (-2) = -  1 _ 
2

   

45. 

46.  

47. A (s)  = 6 s  2 , where A is the 
surface area in square units and s is 
the side length in linear units; 
A (10)  = 600; the surface area for a 
cube of side length 10 cm is 
600  cm  2 . 48.  (0, -5)  49.  (5, 1)  
50. vertical compression by a 
factor of   1 _ 

2
   51. vertical stretch 

by a factor of 1.1 52. translation 
1 unit up 53. quadratic function; 
translation 1 unit down 
54. square-root function; 
reflection across the x-axis 
55. linear function; about 90 psi

Chapter 2

2-1

Check It Out! 1. 44 2a. p = -4

b. r =   1 _ 
2

   3. w = 3 4a. ∅ b. &

5. x ≤ -3

Exercises 1. identity 3. x = 14
5. x = -6 7. x = -3 9. x = 2
11. r = -6 13. ∅ 15. & 17. ∅ 

19. x >   7 _ 
3

   21. 28 s 23. x = 16 

25. x =   19 _ 
2

   27. n = 6 29. x = 2 

31. t = -8 33. ∅ 35. ∅ 
37. x ≥ -2

39. x ≤ -12 
41. $0.04 43a. no more than 10 
b. no more than 21 c. no more 
than 13 45. m∠D = 70°; 
m∠E = 20° 47. 10 tragedies; 
17 comedies; 10 histories. 
49. k = -10 53. C 55. D 
57. 12 59. &

61a. ≈ 111 min b. ≈ 75 min
63. 8  √ � 10   65. 2  √ � 15   67. function
69. Yes

2-2

Check It Out! 1a. y = 11 
b. x = 42 2. 1240 students 
3. ≈ 53 in.
4.  

5. 27 ft

Exercises 1. rate 3. n = 8 
5. t = 54 7. x = 20 9. x = -21 
11. 24 mi/gal 13. 52.5 ft
15. y = 6.2 17. x = 10 19. $1.22 
21. 36 ft 23. t = 0.168 25. u = 8
27. h = -30 29. x = 0 
33. The person would be 22 ft tall.
35a. ≈ 128.57 35b. ≈ 128.59 times 
as long 37. ≈ 0.0018% 39. 5.4 in.

41. AB = 16  2 _ 
3

  ; EF = 22  1 _ 
2

   43. HO

45. 145 ft 49. G 51. G 53. h = 8.6
55. z = 8 or z = -8 57. no 59. 3
61. 350 63. 0.025 65. cone 
67. hexagonal prism or cylinder
69. f  (x)  = x; vertical translation, 
up 4, then stretch by a scale factor 
of 3 71. f  (x) =   √ � x  ; horizontal 
translation, left 1, then reflection.

2-3

Check It Out! 1a. yes b. no

2. 

3. x = -4; y = 12
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4a. y = 2x - 9

b. y =   1 _ 
3

  x - 2

5a. horizontal;

b.

6. 64 mi/h

Exercises 1. y-intercept: y-value of 
the point on the y-axis where x is 0; 
function value when x is 0

x-intercept: x-value of the point on 
the x-axis where y is 0; the input 
value when the function value is 0

3. yes
5. 

7. 

9. x = 6; y = 5
 

11. x = -6; y = 15
 

13. y = -5x + 4
 

15. y = -2x + 5
 

17. vertical
 

19. vertical
 

21. $73.50/h
 

23. yes

25. 

29. x = 4; y = -8
31. x = -2; y = 3
33. y = 3x - 2
35. y =   4 _ 

3
  x + 2 37. horizontal

39. horizontal
47a. yes b. $1.99 c. 1.19 
49. sometimes 51a. ≈ 1.97 
51c. the number of leagues per foot
51d. ≈ 364.6 million ft; 10,172

53a. -  A _ 
B

  ;   C _ 
B

   b. 3; -  9 _ 
2

   55a. adult $5, 

student $2 b. y-intercept: 110; 
x-intercept: 44 59. D 61. B 

63. 0.125 65a.   9 _ 
4

  ; -9; 4 

b. y-intercept: b; x-intercept: a 

c.   x _ 
6

   +   
y
 _ 

15
   = 1 67.   1 _ 

2
   69. -  27 _ 

32
   

71. 81.9 73. f  (0)  = 7; f  (-3)  = 6 
75. f  (0) = 0; f  (-3) =-9 
77. x = -24 79. t = 6

2-4

Check It Out! 1. y =   3 _ 
4

  x + 3 

2a. 1 b. 0 3a. y = -5x + 8 
b. y = 2x + 1
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4a. c = 2.5n + 4; $49 
b. 

5a. y = 5x - 1 b. y = -  6 _ 
5

  x - 2

Exercises 1. y = 2x + 1

3. y =   1 _ 
4

  x + 3 5.   7 _ 
5

   7. y = -  4 _ 
3

  x -   8 _ 
3

   

9a. t = -  1 _ 
550

  x + 212

b. 

c. 192° 11. y = -  9 _ 
5

  x - 4

13. y =   5 _ 
3

  x - 2 15.   2 _ 
3

   

17. y =   7 _ 
3

  x + 4

19a. f =   4 _ 
9

  T -   64 _ 
3

  

19. 

c. 104.25°F d. ≈ -5.8 times; no

21. y = -  1 _ 
3

  x + 3 23. neither

25. parallel 27. f  (x)  = 2x - 1
29. y = 4x + 3

31. y = -  11 _ 
8

  x +   1 _ 
8

   33. y = 21x - 40

35. y =   1 _ 
6

  x +   4 _ 
3

   37. y = -3x - 8

39. slope   
−− AB  = slope   

−− DC  = -  1 _ 
3

  ;

slope   
−− AD  = slope   

−− BC  = 3; rectangle

41. trapezoid 45. G 49. no

53.  (-∞,-4)  55. no 57. yes

2-5

Check It Out! 

1a. 

b. 

2. 

3. 40x + 125y ≤ 1500
 

no more than 25

4. 

Exercises 

3. 

5. 

7. 

9a. 2.29x + 3.75y ≤ 7.00
 

b. no more than 0.6 lb
11. y ≤ +3x - 4

 

13. y < 3x + 4

 

15. 

17. 

19. 200x + 500y ≤ 10,000

21a. 8x + 12y ≤ 200; 
b. no more than 10 h

23. y ≤ 5x - 4

25. 

29. 
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31. 

35a. 1.25x + 0.50y ≥ 150 
b. yes 37a. > ≈ 18.5 h 
b. possible distances from port
c. between 176 and 380 mi

39. y > -  4 _ 
3

  x + 2 43a. 8x + 6y ≥ 220

b. 8x + 6y ≤ 300 45. G 47. J 55. no
57. (-5, 3) 59.  (-4, 6)  61. x = 1 
63. y = 0.25x - 7.25

2-6

Check It Out! 
1a. g  (x)  = 3 (x - 2)  + 1 
b. g  (x)  = - (x + 2)  

2. g  (x)  =   1 _ 
4

   (3x + 2) 

3. g  (x)  =   1 _ 
2

   (x + 8) 

4a. S (n)  = 25n - 75
b. 

4c. horizontal compression by a 
factor of   1 _ 

2
  

Exercises 1. g  (x)  = -  3 _ 
2

  x + 2

3. g  (x)  = x - 6

5. g  (x)  =   2 _ 
3

  x - 6
7a. D (n)  = 0.60n + 5.00
b. 

c. horizontal compression by a 
factor of   1 _ 

2
   

9. g  (x)  =   1 _ 
2

  x - 4
11. g  (x)  = 1.2 (-0.5x + 0.5) 

13. g  (x)  =   1 _ 
2.75

   (x + 1) 

15a. g  (x)  = 0.15x + 0.35

b. 

c. vertical shift up 0.1 unit
17. g  (x)  = 2x
19. T (n)  = 0.10 (  n _ 

15
   )  =   n _ 

150
  ; vertical 

stretch by a factor of 1.6
21a. g  (x)  = -x - 2 
b. h  (x)  = -x + 2
23a. 22.125; 20; 23; 59 b. Mean, 
median, and mode are increased 
by 7. Range stays the same.
c. All are multiplied by 4.
d. Mean, median, and mode are 
multiplied by 2, and 5 is added. 
Range is multiplied by 2. 25. H 

27. F 31.  (  3 _ 
5

  d · d)  (  3 _ 
5

  d · d)  (  3 _ 
5

  d · d) 

33. - (2n)  (2n)  (2n)  (2n)  
35. horizontal 
37. neither
39. B(a) = 32.5 (a - 10) ; 26 ads

2-7

Check It Out! 
1. 

Possible answer: p = 0.75m - 5
2a. 

b. r ≈ -0.916; y ≈ -0.15x + 47.5; 
for a 1-unit increase in hp, gas 
mileage drops ≈ 0.15 mi/gal 

c. ≈ 16.0 mi/gal 3. ≈ 10 g; not close 
to the 15 g in the table.

Exercises 1a. a weak positive 
linear correlation between data sets
b. a strong negative linear 
correlation between data sets
c. virtually no correlation between 
the data sets 

3a–b. 

r ≈ -0.864; h ≈ -1.68t + 148.88
c. $81.68; the correlation 
coefficient is fairly close to -1, so 
the prediction is somewhat close to 
the actual value.

5. 

Possible answer: positive; 
w = 2.5n - 5.5 
7a–b. 

r ≈ -0.801 a ≈ -20.95p + 368.89

c. 180 people; fairly accurate.
9. r ≈ 0 11. r ≈ 0.9 
13. Possible answers: 
13a. s = 95.5 - p
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b. s = 100.5 - p;

15a. r = 0.994; y ≈ 1.20x - 3.66
b. A 1 cm increase in femur length 
corresponds to a 1.2 cm increase 
in humerus length. c. 44.7 cm; the 
data is nearly linear, so the 
prediction is probably accurate. 
19. C 21. B 23a. r = 0
b. The data appear related but not 
linear. 25. 8 x  2  - 10 x  2  y + 4xy - 6
27. - g  2  + g - 12

29. x < -6

31. ∅ 33. f  (x)  = x + 6; 
g  (x)  = -x - 6; g  (x) = -f  (x) ; 
reflection across the x-axis

2-8

Check It Out! 1a. {x | x < 3 ; x ≥ 6}

b. {x | x ≥ -3 ? x < 4}

c. {x | x < 17}

d. {x | 4 < x ≤ 8}

2a. -22, 4 b. -5, 5 
3a. {x | x < -1 ; x > 5}

b. ∅
4a. {x | -3 ≤ x ≤ 13}

b. ∅

Exercises 1. disjunction
3. -2 < x ≤ 6

5. -3, -7 7. 3, -3
9. x < -1 or x > 7

11. -8 < x < 4

13. ∅ 15. -1 ≤ x ≤ 5
17. -5, -9 19. 3, -3
21. x ≤ -7 or x ≥ -3

23. x ≤ -7 or x ≥ 3

25. x < -8 or x > 3

27. -8 < x < 7

29. x < -6 or x ≥ -1

31. -4 ≤ x < 3
33. x ≤ -4 or x > 5

35. x > -5

37. 7, -  19 _ 
5

  

39. x ≤ 2 or x ≥ 3

41. x <-  23 _ 
4

   or x >   13 _ 
4

  

45.  ⎪20x - 3400⎥  ≤ 100; 
165 ≤ x ≤ 175
47. sometimes 55. B 57. D 
58. F 59. x = 1 or -4 61. B
63a. Associative Property
b. no 65. ≈ 27 mi/gal 
67. n = 6; Distributive Property 
69. 60°; 80°; 100°; 120° 71. 95°; 
110°; 75°; 80°

2-9

Check It Out! 

1a. g (x) =  ⎪x⎥  - 4
 

b. g (x) =  ⎪x - 2⎥ 

 

2. g (x) =  ⎪x - 4⎥  - 2
 

3a. g (x) =- ⎪-x - 4⎥  + 3

 

b. g (x) =   1 _ 
2

   ( ⎪x⎥  + 1) 

 

c. g (x)  =  ⎪2x⎥  - 3
 

Exercises 1. The graph is the line 
y = x where negative x-values are 
reflected over the x-axis, creating 
a V.

3. g (x) =  ⎪x + 4⎥ 
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5. g (x) =  ⎪x - 1⎥  + 6

7. g (x) = 2 ⎪x + 3⎥ 

9. g (x)  =  ⎪x - 2⎥ 

11. g (x) =  ⎪x + 4⎥ 

13. g (x) =  ⎪x - 1.5⎥  + 4.5

15. g (x) = - ⎪x - 5⎥  - 2

17. f  (x) =  ⎪2 (  2 _ 
3

  x) ⎥  - 3

19. translated down 6 units
21. translated right 1 unit and 
vertically stretched by a factor of 2
23.  (-5, 9)  27. f  (x) =  ⎪x - 2⎥  - 4
29. f  (x) = - ⎪x - 4⎥  33. D 35. B
37. B 41. f  (x) = 2 ⎪x + 3⎥  
43. 7.5 ×  10  9  45. 6.561 ×  10  7 
47. 2.0 ×  10  -25  49.  (1, 1)  
51.  (6, -5)  53.  (4, -10) 
55. ∅

Study Guide: Review

1. contradiction 2. point-slope

form 3. correlation 4. x =   13 _ 
2

  

5. & 6. x = -  4 _ 
7

   7. x =   31 _ 
2

   8. x =   51 _ 
41

  

9. 140 10. x ≤ 7 11. x < -  32 _ 
3

   

12. x ≤ 9 13. 19.95 + 2.75x < 50; 
fewer than 11 times 14. x = 33 

15. x = -15 16. x = -  11 _ 
3

   

17. x =   19 _ 
18

   18. 4.5 ft 19. yes 

20.  (5, 0) ;  (0, 2) 

21.  (3, 0) ;  (0, -2) 

22.  (-2.25, 0) ;  (0, 1.5) 

23.  (1.5, 0) ;  (0, 6) 

24. y = -2x + 5

25. y =   5 _ 
3

  x + 3

26. y = -  3 _ 
2

  x + 2

27. y = -  2 _ 
3

  x + 9

28. vertical 29. horizontal
30. -27.5t + 500

31. y =   1 _ 
2

  x + 4

32. y = 3x

33. y =   3 _ 
2

  x - 8

34. y = -  2 _ 
3

  x + 2

35. y > -3
36. y ≤ x + 3

37. y > -  1 _ 
2

  x - 3
38. y < 3x - 4
39. y < -2x + 3

40. 12x + 21y ≤ 2520

41. g (x)  = x - 8
42. g (x) = 3x + 15

43. g (x) = x - 4
44. g (x) = -x - 5
45. g (x) = -x - 12

46a.

 

b. r = 0.800; P = 1.279I + 35.074
47. x = 28 or x = -12
48. x = 66 or x = -54

49. ∅
50. {x | x < -5 ; x > 3}
51. {x | -2 ≤ x ≤ 5}
52. {x | 1 < x < 3}
53. {x | x ≤ -8 ; x ≥ 4}
54. g(x) =  ⎪x + 5⎥  + 7

55. g (x) =  ⎪x - 6⎥  - 9
56. g (x) =  ⎪-x - 4⎥  + 1

57. g (x) =   
  ⎪3x + 1⎥ 

 _ 
3

  

58. g (x) = - ⎪x - 3⎥  - 5

Chapter 3

3-1

Check It Out! 1a.  solution. b. not 
a solution. 2a.  (0, -3)  b.  (4, 4)  
c.  (-1, 4)  3a. consistent, 
dependent; infinite number of 
solutions b. inconsistent; no 
solution 4. 10 min

Exercises 1. inconsistent 
3. not a solution 5. solution 
7.  (-2, 5)  9.  (2, 3)  11. consistent, 
dependent; infinite number of 
solutions 13. inconsistent; no 
solution 15. solution 17. not a 
solution 19.  (3, 1)  21.  (1, -4)  
23. consistent, dependent; 
infinite number of solutions 
25. consistent, independent; 
one solution 27. 10 system sales 
29. solution 31. not a solution;  
(-3, 0) 

33a.  
 � = 10,000 - 200x

            
m = 5,000 + 50x 

  

b. 20 min c. 6000 ft

35.  
⎧
 
 
 ⎨   

⎩
   
 y = 2x - 3

       
y = -x + 6

 

consistent, independent;  (3, 3) 

37.  
⎧
 
 
 ⎨   

⎩
  
 y = 3x - 3

       
y = 3x + 1

  

inconsistent; no solution

39.  (-0.25, 4)  41.  (2.831, -30.403) 

45. Consistent, independent 

47. D 49. B 51.  (  100 ___ 7  ,   6200 ____ 7  ) 

53. infinite number of solutions
55. The solution has no meaning

in the real world. 57.   2  √ � 3  
 _ 

3
   

59.     
√ � 2  

 _ 
2

   61. -3 63. 40h

3-2

Check It Out! 1a.  (4, 7)  b.  (3, -4) 

2a.  (  3 _ 
4

  , -4)  b.  (6, -4)  

3a. consistent, dependent; 
infinite number of solutions 
b. inconsistent; no solution
4. 18.75 lb of Sumatra beans and 
31.25 lb of Kona beans

Exercises 1. elimination 
3.  (8, -11)  5.  (-2, -1)  

7.  (-55, -21)  9.  (-2, 5) 
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11. inconsistent; no solution
13. consistent, dependent; infinite 
number of solutions

15.  (-6,   3 _ 
2

  )  17.  (  1 _ 
4

  , 1)  19.  (-7, -6) 

21.  (-2.45, -4.8)  23. consistent, 
dependent; infinite number of 
solutions 25. consistent, 
dependent; infinite number of 
solutions 27. x + y = 1200; 

x =   1 _ 
2

  y; (400,800) 29.  (6, 2)  

31.  (20, -3)  33a. 22
b. The total number of coins 
increases. c. 12 dimes and 18 
nickels 35a. 266.5 mi 
b. y = 128.43x c. ≈ 7.12 mi 
37. student = $5.50 and adult = 
$7.50 41. G 43.  (2, -1) ; 
independent, consistent

47a. p = 22  7 _ 
9

  ; q = 8  8 _ 
9

  

b. p = 17  2 _ 
3

  ; q = 29  1 _ 
3

  

49. 28 c  2  + 1; 253 51.   2 _ 
9 y  2 

  ;   2 _ 
81

  

53. f  (x)  = -1.5x - 0.5

55. 

3-3

Check It Out! 

1a. 

b. 

2.  
⎧
 
 
 ⎨   

⎩
   d + s ≤ 40

         
2d + 2.5s ≥ 90

 

 

3a. triangle
 

b. trapezoid
 

Exercises
3. 

5. 

7. rectangle 9. isosceles triangle

11. 

13. 

15.   
 

⎧
 
 
 � 
 
 

 
  
 
 
 ⎨   

  
 
 
 
 � 
 
 

⎩
 
   
 
  x + y ≤ 10,000

          
 y ≤ 0.2x

  

          
 
x ≥ 0

     
y ≥ 0

  
  

17. trapezoid
19. isosceles right triangle

27.

  

 
 
⎧
 
 
 � 
 
 

 
  
 
 
 ⎨   

  
 
 
 
 � 
 
 

⎩
 
 

 
   x ≥ 0    

 

  y ≥ 0

  

 
       

  

 

  x + y ≤ 114,650

  
       

   x + y ≥ 56,801           

y ≥ x + 2000

  

 

29. 

31. 

35. G 39. $20,000 41.   3 _ 
4

  ; -  4 _ 
3

  

43. 1; -1 45. y = -3 

47. y = -  1 _ 
3

  x + 9 49. y = -x + 5

3-4

Check It Out! 

1. 

2. P = 140 3. 8 of bookcase A and 
4 of bookcase B
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Exercises
1. Constraints
3. 

5. P = 106 7. P = 3.9
9. 

11. 

13. P = -36 15. 60 radio and 
24 prime-time television 
commercials 17. 32 h

19. right triangle; 
 
⎧
 
 
 �       

⎨ 
    
 
 �   

⎩
 

  y ≤ x + 2
    
 y ≥ 2x
    

y ≥ -  1 _ 
2

  x

21. 20 stops 23. 40 Soy Joy and 
20 Vitamin Boost 27. D 29. G

31. f (7) = 1_
11

  ; f (-1_
2) = -1_

4

33. f (7) = 8; f (-1_
2

  ) =   1 _ 
2

  

37. right triangle

3-5

Check It Out! 
1. 

2. 

3a. 3.5x + 1.5y + 0.75z = 61.5 b. 15

Exercises

3. 

5. 

7. 

9a. 225x + 150y + 300z = 3000
b. 1; 6; 6; 0 c. 20

11. 

15. 

19. 

23. 

29. No. 31b.  (7, 12, 8.5) 

c.  (7, 12, 12.5)  33. A 35. H

37. 

41. x + 2y - 4z = 4 43. square 
pyramid 45. sphere 47. x = 10; 

y = 2 49. x = 5; y =   1 _ 
3

  

3-6

Check It Out! 
1. x = -2, y = 1, z = 2
2. first place—3 points; 
second place—2 points; 
third place—1 point
3a. consistent; infinite number 
of solutions b. inconsistent; 
no solution

Exercises
1. x = -4, y = 3, z = 3
3. x = 1, y = 3, z = 1
5. inconsistent; no solution
7. inconsistent; no solution
9. x = 3, y = 1, z = 6
11. Talent—30%; Presentation—
20%; Star Quality—50%
13. inconsistent; no solution

15. m∠ A = 120°; m∠ B = 45°; 
m∠ A = 15° 19a. (5, -2, 50)
b. 50 ft c. (5, -2, 0) 21. J
23. w = 1, x = -2, y = -1, z = 3
25.  (3, 3)  27. 7.15 m by 5.2 m

29. y =   2 _ 
3

  x - 4
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Extension

Check It Out!

1a.  
⎧
 
 
 ⎨   

⎩
   x = 5t

     
y = 20t

 

b. At t = 10, the helicopter has a 
ground distance of 50 ft from its 
takeoff point and an altitude of 
200 ft. 2. y = 4x

Exercises
1. 

3. 

5. y =   2 _ 
3

  x 7. y = 10x 

9a.  
⎧
 
 
 ⎨   

⎩
   x = 1.8t

      
y = -0.9t

 

b. -45 m c. -77,760 m

Study Guide: Review

1. dependent 2. elimination
3. system of linear inequalities; 
feasible region 4. three-dimensional 
coordinate system; ordered triple
5. consistent 6.  (5, 10)  7.  (4, 2) 
8.  (-4, -1)  9.  (0, -2) 
10. independent; one solution
11. dependent; infinitely many 
solutions 12. inconsistent; 
no solution 13. independent; 
1 solution 14. 3 locks 15.  (1, 3)  

16.  (6, 5)  17.  (-2, -8)  18.  (4, -2) 

19.  (4, 5)  20.  (3, 4)  21.  (5, 2) 

22.  (2, 1)  23. 48 oz pine; 32 oz 
lavender

24. 

25. 

26. right triangle 27. trapezoid

28.  
⎧
 
 
 ⎨   

⎩
  
 x + y ≤ 120

           
8x + 11.5y < 1200

 

29. 

30. 

31. 

32. 

33. 58 34. -4.5

35.  
 
⎧
 
 
 �      
 
 
 ⎨   

    
 
 �   

⎩
 
  
  x ≥ 0     
 y ≥ 0

  

         

 
6x + 4y ≤ 720

          
x ≥ 2y

  

 

36. P = 8x + 9y 37. $1125 
38. 25 phones with contracts and 
5 without contracts

39–42.
 

43. 

44. 

45. 

46. 

47. 2d + 9p + 4c = 35, 
where d = drinks, p = pizza, 
c = ice cream 48.  (1, 2, 3)  
49.  (1, -1, 2)  50. inconsistent, 
no solution 51. dependent, 
infinitely many solutions

Chapter 4

4-1

Check It Out! 

1a. 3 × 4 b. 11 c.  m  14  and  m  23 

2a.  
⎡
 
 
 ⎢   

⎣
   4   
6

   
0   
2

   
-8

    
18

   
⎤
 
 
 �   

⎦
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b. not possible

c.  
⎡
 

 
 ⎢   

⎣
   -4

    
0

     
2
    

-2
    

2
   

2
   
⎤
 
 
 �   

⎦
  

3. 

Ticket Service Prices

Day Plaza Balcony

Days 1–2 $120 $70

Days 3–8 $100 $56

Days 9–10 $160 $90

4a. not possible

b.  
⎡ 
 
 ⎢   ⎣   -1

    
-6

    
-10

    
47

   
⎤
 
 
 �   

⎦
   c.  ⎡       ⎣  -9 4.5 12  ⎤       ⎦ 

Exercises

1. entry 3.  ⎡ 
 
 ⎢   ⎣    1.5

    
-1.2

   
7.8

    
0.4

   
4

   
1

   
⎤
 
 
 �   

⎦
  

5.  
⎡ 
 
 ⎢   ⎣   -1.5

    
1.2

    
0.2

    
-4.4

   
-2

    
1

   
⎤
 
 
 �   

⎦
 

7.  P  T  =  

⎡

 

 

 ⎢ 
 
 

⎣

    
 
9.74

    
6.50

 
     

 
16.24

     
5.41

 
   

 
14.07

     
10.28

 
     

 
22.73

     
8.12

 
   

 
15.16

     
11.91

 
     

 
24.90

     
9.20

 
   

⎤

 

 

 � 
 
 

⎦

  

9.  

⎡

 

 

 ⎢ 
 

 

⎣

   

-  1 __ 
2
     1 __ 

2
   3

 
    

 2 0   1 __ 
2
   

    
 

  1 __ 
2
   1   1 __ 

2
  

   

⎤

 

 

 � 
 

 

⎦

  11. not possible

13. F - E =  ⎡ 
 
 ⎢   ⎣  -7.4

    
37

     
0
    

-2.4
   
⎤
 
 
 �   

⎦
 

15. not possible

17.  ⎡       ⎣ 29,061 13,483 20,147  ⎤       ⎦ 
19. not possible 21. not possible
23. never true 27. always true
29. a = -6; b = 11; c = 4 

31. no 33. F 35.   1 _ 
2

  

39.  
⎡ 
 
 ⎢   ⎣   2.5 -4

     
 1 -7

   
⎤ 
 
 �   ⎦  41. 20n 43. no

4-2

Check It Out! 
1a. no b. no c. 4 × 3

2a.  

⎡
 
 
 ⎢ 
 
 

⎣
   
67

 
 

 62   

66

    
5
 

  
 72    

-6

   

⎤
 

 
 � 
 
 

⎦
  2b.  

⎡ 
 
 ⎢   ⎣    3

    
-30

   
41

   
78

    
97    

128
   
⎤ 
 
 �   ⎦ 

3.  
⎡ 
 
 ⎢   ⎣   2436

    
1605

   
1196

    
786

   
1240

    
819

   
⎤ 
 
 �   ⎦ ; 819

4a. not possible

b.  A  3  =  ⎡ 
 
 ⎢   ⎣    259

    
-86

    
129

    
-42

   
⎤ 
 
 �   ⎦ 

c.  B  3  =  
⎡
 
 
 ⎢   

⎣
    

82
 

  
 125    

17

    
103

 
  

 33    

-12

    
2
 

  
 -39    

34

   
⎤
 

 
 �   

⎦
 

d.  I  4  =  ⎡ 
 
 ⎢   ⎣   1 0

    
0 1

   
⎤ 
 
 �   ⎦ 

Exercises
1. multiplicative identity matrix
3. no 5. yes; 5 × 5 7. yes; 2 × 2

9.  
⎡
 

 
 ⎢   

⎣
   
-2

 
  

 4    

-2

   
-18

 
  

 29    

3

   
-9

 
  

 15    

0

   
⎤
 
 
 �   

⎦
  11. not possible

13.  
⎡ 
 
 ⎢   ⎣   4   
1

    
2
    

-3
   
⎤ 
 
 �   ⎦  15.  

⎡ 
 
 ⎢   ⎣   -1

    
-1

    
2
    

-2
   
⎤ 
 
 �   ⎦ 

17. not possible 19. no 
21. yes; 3 × 1 23. no 
25. not possible

27.  
⎡
 

 
 ⎢   

⎣
    

27
 

  
 -10    

-5

   
-10

 
  

 3    

1

   
⎤
 
 
 �   

⎦
   29.  

⎡
 
 
 ⎢   

⎣
   
-2

 
  

 1    

4

    
3
 

  
 -1    

1

   
-4

 
  

 1    

3

   
⎤
 
 
 �   

⎦
 

31.  
⎡ 
 
 ⎢   ⎣   -1

    
-1

    
2
    

-2
   
⎤ 
 
 �   ⎦  33.  

⎡
 
 
 ⎢   

⎣
   
6 2 1

 
   

 5 4 1     

7 3 3

  
 ⎤

 
 
 �   

⎦
 

35. not possible 

37.  
⎡ 
 
 ⎢   ⎣   5 11

    
7 27

   
⎤ 
 
 �   ⎦  39.  

⎡ 
 
 ⎢   ⎣   -2

    
6

   
8

   
0

   
12

   
4

   
⎤ 
 
 �   ⎦ 

41a. 

SD =  

⎡

 

 

 ⎢ 
 
 

⎣

   
  122.8  124.5 160.2 148.1 

                 
161.85 160.4 207.8 191.95

 
                 

 
131.45 130.3 168.4 155.85

                 
168.95 169.0 217.8 201.65

 
   

⎤

 

 

 � 
 
 

⎦

 

b. Ted: 122.8; Chloe: 160.4; 
Biko: 168.4; Hana: 201.65
43. sometimes true 
45. sometimes true 47. -8
49. Madison: 122; Devyn: 113.5; 
Ali: 69.5 51. Tristan Island 55. G
57. BA 59a. yes b.  p  12  and  p  21 
61. 10 63. 11 69. not possible

4-3

Check It Out! 
1. G ' (5, 3) , H ' (6, 0) , J ′ (4, -2) 

 

2.D′ (2  2 _ 
3

  , 4) , E ′ (6  2 _ 
3

  , 1  1 _ 
3

  ) , 

F ′ (-2  2 _ 
3

  , -9  1 _ 
3

  ) 

 

3. J ′ (3, -4) , K ′ (4, -2) , L ′ (1, 2) 
 

4. A ′ (0, 0) , B ′ (-4, 0) , C ′ (0, 3) ; the 
image is rotated 180°.
 

Exercises

1. reflection matrix

3. P ′ (-1, 4) , Q ′ (4, 1) , R ′ (2, -4) , 
S ′ (-1, -2) 
 

5. P ′ (-4, 8) , Q ′ (6, 2) , R ′ (2, -8) , 
S ′ (-4, -4) 
 

7. A ′ (3, -2) , B ′ (4, 0) , C ′ (3, 2) , 
D ′ (1, 2) , E ′ (-1, -1) 
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9. 

The image is rotated 180°.

11. W  ′ (  3 _ 
2

  , 3) , X ′ (-3,   9 _ 
2

  ) , Y  ′ (-  9 _ 
2

  , 6) , 

Z ′ (-6,   3 _ 
2

  ) 

13. 

The image is rotated 90° 
counterclockwise.

15a.  
⎡ 
 
 ⎢   ⎣   -2.5

    
3

   
2.5

    
3

    
4.5

    
-2

    
0.5

    
-4.5

    
-4

    
-1.5

   
⎤ 
 
 �   ⎦ 

15b. counterclockwise

19.  (-8, 3) ,  (-6, 3.5) ,  (-4, 3) ,  
(-2, 2.5) ,  (2, 3) ,  (1.5, 0) ,  (-1, 0)  

21.  (-5, -4) ,  (-3, -4.5) ,  (-1, -4) ,  
(1, -3.5) ,  (5, -4) ,  (4.5, -1) ,  (2, -1)  

23.  (-4, -5) ,  (-4.5, -3) ,  (-4, -1) ,  
(-3.5, 1) ,  (-4, 5) ,  (-1, 4.5) ,  (-1, 2)  

25.  
⎡ 
 
 ⎢   ⎣   1   
0

    
0
    

-1
   
⎤ 
 
 �   ⎦ ;  ⎡ 
 
 ⎢   ⎣   -1

    
0

   
0

   
1

   
⎤ 
 
 �   ⎦ 

27. B 29. C 33. yes 35. yes
37. not possible

4-4

Check It Out! 

1a. 10 b. -2  1 _ 
4

   c. π-  1 _ 
2

  

2. D =   ⎪ 
6 -2

     
3 -1

 ⎥  = 0

⎪ 
 c  1   b  1 

     
 c  2   b  2 

 ⎥  =  ⎪ 
14 -2

     
7 -1

 ⎥  = 0

dependent; infinitely many 
solutions.
3. 75 4. 240 g protein, 380 g 
carbohydrates, and 80 g fat

Exercises
1. A 0 entry in a coefficient matrix 
corresponds to a coefficient of 0 for 
one variable in one equation.
3. 2.25 5. 0 7. no solution

9.  (2  1 _ 
2

   , -  1 _ 
4

  )  11. 0

13. trail mix $2.99; mixed nuts 
$6.98; dried fruit $3.99 15. -1

17. π r  2  - 2 r  2  19.  (≈ 1.27, ≈ 1.11) 

21.  (-4  2 _ 
3

  ,   7 _ 
9

  )  23. 1.2

25. bicycling: 420 Cal/h; 
racquetball: 540 Cal/h; swimming: 
600 Cal/h 27. 17 square units
29. 1 point: 9 voters; 2 points: 
11 voters; 3 points: 18 voters 31. -16
33. a. 235 dimes, 190 nickels

b. $33 37. D 39. 2.5, or   5 _ 
2

   43. 254

45.  (-  4 _ 
3

  , -4)  47.  (-  1 _ 
3

  , -  2 _ 
3

  ) 

49. D ′ (1, -1) , E ′ (4, 2) , F ′ (-2, 3) ,
G ′ (-1, 1) 

51. D ′ (3, 3) , E ′ (12, -6) , F ′ (-6, -9) , 
G ′ (-3, -3) 

4-5

Check It Out! 
1. yes

2.  

⎡
 
 
 ⎢ 
 
 

⎣
  
   1 __ 
6
  
   

  1 __ 4  
    

  1 __ 
6
  
    

-  1 __ 4  
   

⎤
 
 
 � 
 
 

⎦
  3.  

⎡ 
 
 ⎢   ⎣   1 1

    
2 3

   
⎤ 
 
 �   ⎦  ⎡ 
 
 ⎢   ⎣   x   
y

   
⎤ 
 
 �   ⎦  =  ⎡ 

 
 ⎢   ⎣   4   
9

  
⎤ 
 
 �   ⎦ ;  (3, 1) 

4. smarty pants

Exercises
1. Set the product of the coefficient 
matrix and the variable matrix 
equal to the constant matrix. 3. no 

5.  
⎡ 
 
 ⎢   ⎣   2 0

    
1 3

   
⎤ 
 
 �   ⎦  7. no inverse 9.  

⎡ 
 
 ⎢   ⎣    8

    
-9

   
-7

    
8

   
⎤ 
 
 �   ⎦ 

11.  
⎡ 
 
 ⎢   ⎣    5

    
-4

    
9
    

-7
   
⎤ 
 
 �   ⎦  ⎡ 
 
 ⎢   ⎣   x   
y

   
⎤ 
 
 �   ⎦  =  ⎡ 

 
 ⎢   ⎣   1   
2

   
⎤ 
 
 �   ⎦ ;  (-25, 14) 

13.  
⎡ 
 
 ⎢   ⎣    7

    
-5

   
-4

    
3

   
⎤ 
 
 �   ⎦ ; in New Delhi 

15. yes 17.  
⎡ 
 
 ⎢   ⎣    8

    
-6

   
-2

    
1

   
⎤ 
 
 �   ⎦  

19.  
⎡ 
 
 ⎢   ⎣    8

    
-5

   
-3

    
2

   
⎤ 
 
 �   ⎦  21.  

⎡ 
 
 ⎢   ⎣   -11

    
7

   
-3

    
2

   
⎤ 
 
 �   ⎦ 

23.  
⎡ 
 
 ⎢   ⎣   1 2

    
2 1

   
⎤ 
 
 �   ⎦  ⎡ 
 
 ⎢   ⎣   x   
y

   
⎤ 
 
 �   ⎦  =  ⎡ 

 
 ⎢   ⎣   6   
9

   
⎤ 
 
 �   ⎦ ;  (4, 1) 

25.  
⎡ 
 
 ⎢   ⎣    4

    
-9

   
-3

    
7

   
⎤ 
 
 �   ⎦ ; Monday early

27a.  
⎡ 
 
 ⎢   ⎣   6 2

    
1 1

   
⎤ 
 
 �   ⎦  b.  

⎡ 
 
 ⎢   ⎣   6 2

    
1 1

   
⎤ 
 
 �   ⎦  ⎡ 
 
 ⎢   ⎣   x   
y

   
⎤ 
 
 �   ⎦  =  ⎡ 

 
 ⎢   ⎣   34

   
7

   
⎤ 
 
 �   ⎦ 

c.  

⎡
 
 
 ⎢ 
 
 

⎣
    

   1 __ 4  
    

-  1 __ 4  
   

-  1 __ 
2
  
    

  3 __ 
2
  
   

⎤
 
 
 � 
 
 

⎦
  

d. 5 six-person boats and 
2 two-person boats
31. 46 $50 bills and 27 $100 bills

33a. They are halved. 37.  
⎡ 
 
 ⎢   ⎣    1 _ a    

⎤ 
 
 �   ⎦  

39. The two matrices are inverses 
of each other. 41. E 43. F 
45. points/game: 2; assists/game: 5; 
turnovers/game: -4; steals/game: 3
47a. play to win

b.  

⎡
 

 
 ⎢ 
 
 

⎣
   
1

 
 

 0   

0

   
-1

 
  

 1    

0

    
0
 

  
 -1    

1

   

⎤
 

 
 � 
 
 

⎦
  

c.   
⎡
 

 
 ⎢ 
 
 

⎣
   
-3

 
  

 -6    

18

   
-12

 
  

 -13    

25

   
23

 
 

 0   

0

    
-11

 
  

 20    

0

   

⎤
 
 
 � 

 
 

⎦
 

49. 0.175 51.  (1, 1, 0)  
53. 8.5 55. -43

4-6

Check It Out! 

1a.  
⎡ 
 
 ⎢   ⎣   -1

    
-1

   
-1

    
-1

       0
    

-2
   
⎤ 
 
 �   ⎦  

b.  

⎡
 
 
 ⎢ 
 
 

⎣
   
-5

 
  

 1    

0

   
-4

 
  

 0    

4

    
0

 
 

 1   

3

      
12

 
 

 3   

10

   

⎤
 

 
 � 

 
 

⎦
 

2a.  
⎡ 
 
 ⎢   ⎣   4   
1

   
4

   
3

      
32

   
16

   
⎤ 
 
 �   ⎦ ;  (4, 4) 

b.  
⎡ 
 
 ⎢   ⎣    9

    
-6

    
3
    

-2
      

15
   

10
   
⎤ 
 
 �   ⎦ ; no solution

3a.   

⎡
 
 
 ⎢ 
 
 

⎣
   
3

 
 

 1   

1

   
-1

 
  

 0    

3

    
5
 

  
 2    

-1

      
-1

 
  

 1    

25

   

⎤
 

 
 � 

 
 

⎦
 ;  (5, 6, -2) 

b. t = 820; d = 1600; 1600 days.

Exercises 
1. The coefficients are in columns 
to the left of the vertical bar that 
separates them from the constant 
terms.

3.  

⎡
 
 
 ⎢ 
 
 

⎣
   
1

 
 

 2   

0

    
1
 

  
 0    

-1

   
1

 
 

 1   

1

      
10

 
 

 12   

3

   

⎤
 
 
 � 
 
 

⎦
 

5.  

⎡

 

 

 ⎢ 
 
 

⎣

    
-3

 
  

 0    

-  1 __ 
2
  

     
1

 
 

   1 __ 4   
 

 

0

     

0

 
  

 -1    

1

      

-2

 
  

 -1    

8

   

⎤

 

 

 � 
 
 

⎦

 

7.  
⎡
 
 
 ⎢   

⎣
   
-1

    
  1 __ 
2
  
   

8
   

3
    

7
   

0
   
⎤
 

 
 �   

⎦
 ;  (-3,   1 __ 

2
  ) 
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9.  
⎡ 
 
 ⎢   ⎣    1   

4
   

-1
    

-4
     

-4
    

-3
   
⎤ 
 
 �   ⎦ ; 

 the system is inconsistent.

11.  

⎡

 
 
 ⎢ 
 
 

⎣

    
  1 __ 
2
  

 
  

 -2    

1

    

  3 __ 
2
  

 
 

 1   

1

   

-1

 
  

 0    

1

     

0

 
 

 4   

3

   

⎤

 
 
 � 
 
 

⎦

     

13.  

⎡
 

 
 ⎢ 
 
 

⎣
   
0.1

 
  

 1    

1.3

    
0.2

 
  

 1    

-2

   
0.15

 
  

 -1    

0

    
1.0

 
  

 0    

0

   

⎤
 
 
 � 
 
 

⎦
 

15.  ⎡ 
 
 ⎢   ⎣   5   
1

   
-1

    
-1

      
2
    

-4
   
⎤ 
 
 �   ⎦ ;  (1.5, 5.5) 

17. 12 roosters, 4 hens, and 
84 chicks.

23.  
⎡ 
 
 ⎢   ⎣    3

    
-4

   
-1

    
7

     
-9

    
12

   
⎤ 
 
 �   ⎦ ;  (-3, 0) 

25.  

⎡
 

 
 ⎢ 
 
 

⎣
    

2
 

  
 -1    

1

    
5

 
 

 3   

0

   
-1

 
  

 0    

7

      
0
 

  
 -7    

25

   

⎤
 
 
 � 
 
 

⎦
 ;  (4, -1, 3) 

27b. first-place: 3 points, 
second-place: 2 points, 
third-place: 1 point.

29.  (-1, 4, 2)  31.  (  5 _ 
6

  ,   5 _ 
6

  , -  5 _ 
2

  ) 

33a.  
⎧
 
 
 ⎨   

⎩
  
 2x + 7y = 24

          
4x + 13y = 46

 

33b.  
⎡ 
 
 ⎢   ⎣   2   
4

     
7
   

13
     

24
   

46
   
⎤ 
 
 �   ⎦  33c.  (5, 2) 

33d. meal: 5 tickets, ride: 2 tickets
35. C 37. F 41. a reduction by a 

factor of   3 _ 
8

   43. P = 6 at  (0, 3) 

45.  
⎡ 
 
 ⎢   ⎣   3   
1

   
-1

    
2

   
⎤ 
 
 �   ⎦  ⎡ 
 
 ⎢   ⎣   x   
y

   
⎤ 
 
 �   ⎦  =  ⎡ 

 
 ⎢   ⎣   0   
7

   
⎤ 
 
 �   ⎦ ;  (1, 3) 

Extension

Check it Out!

1.  A  3  =  

⎡

 

 

 ⎢ 

 

 

⎣

 
   

 
6 1 0 0 5

 
     

 3 4 1 3 5       

3 1 1 1 3

 

       
 
4 1 2 6 2

       
2 2 1 4 2

 
  
 

⎤

 

 

 � 

 

 

⎦

 ;  

5 3-step paths from B to F and from 
F to itself

Exercises

1.  

⎡

 

 

 ⎢ 

 

 

⎣

    

 
1 0 1 0 0 1

  
      

  0 0 1 1 0 0          

1 0 0 1 0 0

 

          

 
0 0 1 0 0 0

  
      

  0 0 0 0 0 1          

0 1 0 0 2 0

 

   

⎤

 

 

 � 

 

 

⎦

 

3. A to D, A to E, B to A, B to C, C to 
D, C to E, D to C, E to F, F to B

5. For vertex A, one 1-step 
roundtrip is possible. For A, C, D, E, 
and F, at least one 2-step roundtrip 
is possible. For A and C, at least one 
3-step roundtrip is possible.

Study Guide: Review

1. scalar 2. constant matrix 
3. square matrix 4. not possible

5.   
⎡ 
 
 ⎢   ⎣   0.4

    
0.8

   
0.6

    
1

   
⎤ 
 
 �   ⎦  6.  

⎡
 

 
 ⎢ 

 
 

⎣
    

2
    

-   11 __ 
3
  
   

-   7 __ 
3
  
    

  2 __ 
3
  
    

  4 __ 
3
  
   

1
    

⎤
 
 
 � 

 
 

⎦
 

7.  
⎡ 
 
 ⎢   ⎣    6

    
-9

   
-9

    
2

    
4

   
5

   
⎤ 
 
 �   ⎦  11.   

⎡
 
 
 ⎢   

⎣
   
-4

 
  

 4    

-2

   
-3

 
  

 2    

-4

    
5
 

  
 -8    

-5

   
⎤
 
 
 �   

⎦
 

12.  
⎡
 
 
 ⎢   

⎣
   
-7

 
  

 -3    

-8

    
9
 

  
 -3    

-1

   
⎤
 
 
 �   

⎦
  13. not defined

14.   ⎡ 
 
 ⎢   ⎣    -3

    
-12

   
5

   
2

   
10

   
9

   
⎤ 
 
 �   ⎦  15. not possible

16.  
⎡
 

 
 ⎢   

⎣
    
15

 
  

 -1    

-7

   
1

 
 

 5   

5

   
7

 
 

 5   

9

    
⎤
 
 
 �   

⎦
  17.   

⎡ 
 
 ⎢   ⎣    71

   
70

   
-7

    
-6

   
⎤ 
 
 �   ⎦ 

18a. A =  
⎡
 

 
 ⎢   

⎣
    

5
 

  
 7.5    

9

     
2.5

 
  

 4.25    

5.75

   
⎤
 
 
 �   

⎦
 ;

 B =  
⎡ 
 
 ⎢   ⎣    67

    
104

   
196

    
75

   
245

    
154

   
⎤ 
 
 �   ⎦ 

18b. Thursday: $595; Friday: 
$1788.75; Saturday: $3090.50
18c. adults: $4010; students: 
$1464.25 19.  (0, 0) ,  (1, 4) ,  (4, 5) , 
and  (2, 1)  20.  (-3, -1.5) ,  
(-1.5, 4.5) ,  (3, 6) , and  (0, 0) 

21.  (-2, 1) ,  (-1, -3) ;  (2, -4) ,  (0, 0) ; 
reflected across the x-axis.
22.  (-1, 2) ,  (3, 1) ,  (4, -2) , and  
(0, 0) ; rotated 90°clockwise.  

23. 2 24. 0 25.   1 _ 
2

   26. 22 27. -31

28. 0 29.  (5, 4)  30.  (2, -5) 
31. infinitely many solutions
32.  (2, 4, -3)  33. no solution

34.  (0.5, 2, 1.5)  35a.  ⎪   
2
    

-1
   

3
   

1
  ⎥  = 5

35b.  (1, 2)  36b. 72 small, 
18 medium, and 12 large

37.  
⎡ 
 
 ⎢   ⎣   0.15

    
0.05

   
-0.1

    
0.3

   
⎤ 
 
 �   ⎦  38.  

⎡
 

 
 ⎢   

⎣
    
  4 __ 
3
  
   

0
     

  8 __ 
3
  
   

5
     
⎤
 
 
 �   

⎦
 

39. no inverse

40.  
⎡
 
 
 ⎢   

⎣
   
-0.25

 
   

 1.5     

-2.25

   
-0.25

 
   

 0.5     

-0.25

    
0.5

 
  

 -1    

1.5

   
⎤
 
 
 �   

⎦
 

41.  
⎡
 
 
 ⎢   

⎣
   
- 2

 
  

 -5    

6

    
0
 

  
 -1    

2

    
2
 

  
 7    

-8

   
⎤
 
 
 �   

⎦
 

42. does not exist 43.  (20, 10)  
44.  (5, 4)  45.  (4, 3, 2)  
46.  (-1, -2.5, 3.5) 
47.  (0.25, -0.5)  48.  (-2, -6) 
49.  (0.1, -0.05, 0.2)  50.  (1, 1, 2) 
51. 12 first-place, 4 second-place, 
11 third-place

Chapter 5

5-1

Check It Out! 

1. 

 x -1 1 3 5 7

g(x) -15 -3 1 -3 -15

2a. 

g is f translated 5 units down. 

b. 

h is f translated 3 units left and 
2 units down. 

3a. 

g is a horizontal compression 
of f by a factor of   1 _ 

2
  . 
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b. 

h is f reflected across the x-axis and 
vertically compressed by a factor

of   1 _ 
2

  . 4a. g(x) =   1 _ 
3

  (x - 2 ) 2  - 4 

b. g(x) = -(x + 5 ) 2  + 1 5. Vertical 
compression by a factor of   13 _ 

15
  ; the

braking distance will be less with 
optimally inflated new tires than 
with tires having more wear.

Exercises 1. vertex 

3. 

5. d is f translated 4 units right.
7. h is f translated 1 unit left and 
3 units down. 9. h is a horizontal 
stretch of f by a factor of 8. 
11. h is f reflected across the 
x-axis and horizontally compressed 
by a factor of   1 _ 

5
  . 13. d is f reflected 

across the x-axis and vertically 
compressed by a factor of   2 _ 

3
  . 

15. h(x) = - x  2  - 6
17. 

19. 

21. h is f translated 5 units left. 
23. g is f translated 4 units left and 
3 units down. 25. j is f translated 
4 units right and 9 units down. 
27. h is f reflected across the x-axis 
and vertically stretched by a factor 
of 20. 29. g(x) = -  1 _ 

2
  (x - 1 ) 2  

31. Vertical translation; at any 
given speed, the gas mileage for an 
SUV is 18 mi/gal less than for a 
compact car. 33. p is f reflected 
across the x-axis and translated 
4 units right. 35. h is f vertically 
stretched by a factor of 4 and 
translated 2 units down. 37. g is 
f horizontally compressed by a 
factor of   1 _ 

3
   and translated 1 unit up. 

39. C 41. A 43. horizontal line; 
linear or constant function 
45a. vertical compression by a 
factor of 0.38 and translation 
3.5 units right and 59 units up 
b. y = -6.08(t - 4 ) 2  + 95 47. J 
49. G 51. translation 6 units right 
and 6 units up: y = -3(x - 3 ) 2  + 3
55. f(x) =   √ � x   57. y = 2x + 10 

5-2

Check It Out! 1. x = 3 

2a. 

downward; x = -1; (-1, 2); 0 

b. 

upward; x = -  3 _ 
2

  ;  (-  3 _ 
2

  , -  13 _ 
4

  ) ; -1 

3a. minimum: -6; D: &; 
R: {y | y ≥ -6} b. maximum: -4; 
D: &; R: {y | y ≤ -4} 4. 30.0 mi/gal 
at 49 mi/h 

Exercises 1. minimum 3. x = 0 
5. downward; x = -1; (-1,-7); 
-8 7. downward; x = 2; (2, 3); -1

9. maximum:   1 _ 
4

  ; D: &; R:  
⎧
 
 
 ⎨   

⎩
 y | y ≤   1 _ 

4
   
⎫
 
 
 ⎬   

⎭
 

11. 3.125 m 13. x = 1 15. upward;

x = -  1 _ 
2

  ;  (-  1 _ 
2

  , -  9 _ 
4

  ) ; -2 17. upward;

x = 2; (2, -6); -4 19. upward; 

x = -  1 _ 
3

  ;  (-  1 _ 
3

  , -  25 _ 
3

  ) ; -8 

21. downward; x = 0; (0,-2); -2 
23. upward; x = -2; (-2,1); 2 
25. maximum: 9; D: &; R: {y | y ≤ 9}
27. maximum: -4; D: &; R: {y | y ≤ - 4}
29. minimum: 0; D: &; R: {y | y ≥ 0}

31. 64 ft 33a. 562.5 mm 
b. 93.75 to 1 c. 168.75 m 
35. minimum: ≈ -3.029771 
37. minimum: ≈ -1.253333 
41a. about 1.6 s b. about 45 ft 

43. G 45. G 51. 60  √ � 2   53.   3  √ � 5  
 _ 

5
   

55. f (0) = 10; f  (  1 _ 
2

  )  =   29 _ 
4

  ; f (-2) = 26

57. f (0) = -20; f  (  1 _ 
2

  )  = -22; 

f (-2) = -12 59. y + 4 = 3(x - 1)
61. y - 5 = -2(x - 3) 

5-3

Check It Out! 1. -3,1 2a. -1, 6 
b. 0, 8 3. 3 s 4a. x = 2 b. x = -  3 _ 

5
  ,

x =   3 _ 
5

   5. Possible answer: f (x) = 

 x  2  - 25 

Exercises 1. roots 3. 2, 4 5. 1, 6 
7. -4, 0 9. -2, 8 11. 4 s 13. x = 2
19. -3, 2 21. -8, -3 23. 0, 9 

25. -8, 1 27. 4 s 29. x = -  9 _ 
2

  , 

x =   9 _ 
2

   31. x = -  1 _ 
2

  , x =   1 _ 
2

   

33. x =   2 _ 
7

   37. 0, 6 39. 6 41. 11 

43. 5, 6 45. -7, -2 47a. h(t) = 
-16 t  2  + 16t + 5 b. 1.25 s 
49. x = -5, x = -1 51. x = -  1 _ 

3
   

53. x = -2, x = 3 55a. (0, -16) 
b. -16 c. -4, 4 57a. (1, 2) b. 0 

c. 0, 2 59a.  (-  1 _ 
6

  , -4   1 _ 
12

  )  b. -4 

c. -1  1 _ 
3

  , 1 61. 20 ft by 4 ft 

63. 10 m by 5 m 67. B 69. C 

71. x = 0, x =   3 _ 
2

   73. x =   1 _ 
4

  , x =   1 _ 
2

  

75a. (a + b)( a  2  - ab +  b  2 ) = 

 a  3  -  a  2 b + a b  2  +  a  2 b - a b  2  +  b  3  =
 a  3  +  b  3  b. (2x + 3)(4 x  2  - 6x + 9) 

c.  a  3  -  b  3  = (a - b)( a  2  + ab +  b  2 )
d. (x - 1)( x  2  + x + 1) 77. 8.64 ×  10  12 

79. 6.5 ×  10  -10  81. w = 2.2 
83. h is a vertical compression of 
f by a factor of 0.5. 85. g is f 
translated 1 unit left. 

5-4

Check It Out! 1a. x = ±  5 _ 
2

   

b. x = -11, x = 3 2a.  x  2  + 4x + 4 = 
(x + 2 ) 2  b.  x  2  - 4x + 4 = (x - 2 ) 2  

c.  x  2  + 3x +   9 _ 
4

   =   (x +   3 _ 
2

  )  
2

  

3a. x =   
9 ±  √ � 89  

 _ 
2

   b. x = -1, x = 9 
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4a. f(x) = (x + 12 ) 2  + 1; (-12, 1) 
b. g(x) = 5(x - 5 ) 2  + 3; (5, 3)

Exercises 1.   (  b _ 
2

  )  
2

  3. x = 1, x = 9

5.  x  2  + 14x + 49 = (x + 7 ) 2  

7.  x  2  - 9x +   81 _ 
4

   =   (x -   9 _ 
2

  )  
2

  

9. x = 2, x = 4 11. x = -2 ±2  √ � 7  

13. x = -2 ±    √ � 46  
 _ 

2
   15. g(x) = 

(x - 5 ) 2  - 14; (5, -14) 17. f(x) = 

(x + 4 )  2  - 26; (-4, -26) 19. h(x) =
3(x - 2 ) 2  - 16; (2, -16) 21. x = 
-7, x = 13 23.  x  2  - 18x + 81 = 

(x - 9 )  2  25.  x  2  -  1 _ 
2

  x +   1 _ 
16

   = 

(x -   1 _ 
4

  )  
2
  27. x = 2 ±   √ � 3   29. x = 2,

x = 6 31. x = -1 ±   2  √ � 3  
 _ 

3
   33. g(x) = 

(x + 7 ) 2  + 22; (-7, 22) 35. f(x) = 

(x + 2 )  2  - 11; (-2, -11) 37. h(x) =
2(x + 1.5 ) 2  + 20.5; (-1.5, 20.5) 
39a. about 12.3 s b. about 2.3 s 
41. x = ±  √ � 3   43. x = ±5 45. x = 

-13 ±  √ � 7   47. x =   -3 ± 5  √ � 2  
 _ 

2
   

49. x =   -3 ±   √ � 5  
 _ 

3
   51. x = -5, x = -3

53. x =   -2 ±   √ � 7  
 _ 

3
   55. x =   

7 ±   √ � 57  
 _ 

2
  

57. x = -3 ±  √ � 5   59. x = 4 ± 2  √ � 10  
61a. 1.7 s b. 71 ft/s 65. x = ±7.416
67. x = ±4.192 69. x = ±1.528 
73. B 75. A 77. 2.5 79. b = ±24 
81. b = ±18 83. 2  √ � 5   ± 1 
85a. 135,000  ft  2  b. 450 ft by 300 ft
c. 129,600  ft  2  87. {x | - 6 ≤ x ≤ 14}
89. {x | - 1 ≤ x ≤ 5} 91. 3 × 3 
93. 1368; the amount in dollars the 
Hernandez family budgeted for 
housing 95. x = 0; (0, -1)

5-5

Check It Out! 1a. 2i  √ � 3   b. 12i 
c. -i  √ � 7   2a. x = ±6i b. x = ±4i  √ � 3  

c. x = ±  5 _ 
3

  i 3a. x = -4; y = -  3 _ 
10

  

b. x = -  8 _ 
5

  ; y = -    √ � 6  
 _ 

6
   4a. -2 ± 3i

b. 4 ± i  √ � 2   5a. 9 + i b.   √ � 3   - i c. 8i 

Exercises 1. imaginary 3. 2i 
5. 12i 7. x = ±6i 9. x = ±11i 
11. x = 1; y = -1 13. -3 ± 5i 
15.   √ � 5   - 5i 17. 6 - i  √ � 2   19. -i  √ � 10  
21. 5i  √ � 2   23. x = ±4i 25. x = ±8i

27. x = -3; y = -5 29.   3 ± i  √ � 7   
 _ 

8
  

31.   3 ± i  √ � 21  
 _ 

3
   33. -    √ � 3  

 _ 
2

   + 2i 

35. -1 -   i _ 
10

   37. 1 - 14i 

39. -2  √ � 5   - 4i 41. 9 + i  √ � 2   
43. c = 0, d = 5 45. c = ±2, d = 4
47. x = ±9i 49. x = ±12i 
51. x = ±2i  √ � 2   53. x = -5 ± 2i
55. x = -1 ± 2i 57. x = 12 ± i  √ � 5  
59. always true 61. sometimes 
true 63. sometimes true 
65. sometimes true 67. -1 ± 4i 
69. -8 ± 3i 71. 8 ± 2i 
73. The complex conjugate of a real 
number a is the number a.

75a. t =   7 _ 
2

   ±   
  √ � 3  

 _ 
2

  i b. no c. 196 ft

77. F 79. G 81. When a < 0, the 
2 solutions are imaginary and 
complex. When a > 0, the 2 
solutions are real and complex. 
85. 
  T  2  =  

⎡
 
 
 ⎢   

⎣
   
12

 
  

 2    

-4

   
-3

 
  

 7    

4

    
5
 

  
 -1    

-2

  
⎤
 

 
 �   

⎦
  

87. not defined 89a. upward
b. x = -2.5 c. (-2.5, -11.25) 
d. -10 91a. upward b. x = -1 
c. (-1,-5) d. -3 93. x = -7, x = 2

95. x =   3 _ 
4

  , x = 3 97. x = -8, x = -3

5-6

Check It Out! 1a.   -3 ±   √ � 37  
 _ 

2
   

b. 4 ±   √ � 6   2.   1 _ 
6

   ±   
  √ � 95  

 _ 
6

  i 

3a. 1 distinct real solution 
b. 2 distinct nonreal complex 
solutions c. 2 distinct real 
solutions 4. 449 ft 

Exercises 3.   2 ±   √ � 7  
 _ 

3
   5. -6, 1 

7. ±    √ � 38  
 _ 

2
   9. -3 ± i  √ � 3   11. -2 ± i  √ � 6  

13.   -7 ± i  √ �� 111  
  __ 

20
   15. 2 distinct real

solutions 17. 14 in. and 20 in. 

19. -6, 0 21. -1 ±   √ � 10   23. ±    √ � 21  
 _ 

7
  

25.   -1 ± i  √ � 3  
 _ 

2
   27.   -7 ± 3  √ � 17  

 __ 
4

   

29.   2 ± 2i  √ � 2  
 _ 

3
   31. 2 distinct real

solutions 33. 1 distinct real solution
35. 2 distinct real solutions 

37a. 9 s b. 6 s 39.   1 ±   √ � 3  
 _ 

2
  

41.   -3 ±   √ � 17  
 _ 

4
   43.   1 ± i  √ � 87  

 _ 
2

   

45. x = -2, x = 5 47. x = -2.5, 
x = 1.5 49. x = -3, x = 7 
51. x = ±5 53. x = 8 55. 3 in. 
57. c = -36 61. B 63. C 

65. 15 cm and 8 cm

73.  
⎡
 

 
 ⎢   

⎣
  2   
1

   
-3

    
-6

      
-7

    
1

  
⎤
 
 
 �   

⎦
 ; x = -5; y = -1

75.  
⎡
 

 
 ⎢   

⎣
  4   
2

    
5
    

-7
       

-1
    

9
  
⎤
 
 
 �   

⎦
 ; x = 1; y = -1 

77. x = 4 ±   √ � 14  

5-7

Check It Out! 

1a. 

b. 

2a. -1 < x < 2 b. x ≤ 0 or x ≥ 2.5
3a. x ≤ 2 or x ≥ 4 b. x <-1 or x > 2.5
4. fewer than 14 or more than 
36 people 

Exercises 
3. 

5. 0 ≤ x ≤ 5 7. 1.5 ≤ x ≤ 3 
9. -8 < x <-5 11. a range of costs 
between about $21.78 and $48.22
13. 

15. 
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17. 

19. x ≤ -1 or x ≥ -0.5 
21. x < -2 or x > 4 23. 2 < x < 10
25. -1 ≤ x ≤ 2.5 27. at distances 
less than about 3 ft and at distances 
greater than about 102 ft
29. 

33. 

35. -3 ≤ x ≤ 8 

37.   -1 -   √ � 17  
 _ 

4
   < x <   -1 +   √ � 17   

 _ 
4

  

39. -1 -      √ � 6  
 _ 

3
   < x < -1 +   

  √ � 6  
 _ 

3
  

41.   -5 -   √ � 61  
 _ 

6
   ≤ x ≤   -5 +   √ � 61  

 _ 
6

  

43. x ≤   
1 -   √ � 6  

 _ 
5

   or x ≥   
1 +   √ � 6  

 _ 
5

  

45. x < 3 or x > 9 47. a distance 
between 0 ft and about 31 ft 
49. A 51a. A(x) = -  1 _ 

2
   x  2  + 10x 

b. 3.7 ≤ x ≤ 16.3 c. 0 < x ≤ 5.5 
or 14.5 ≤ x ≤ 20 53b. a width 
between 5 ft and 15 ft c. a width of 
10 ft 55. 0.9 ≤ x ≤ 14.1 
57. x ≤ -2.2 or x ≥ 0.7 59. It is 
not 63. J 65. x < -3 or x > -1

67.   5 -   √ � 17  
 _ 

4
   < x <   

5 +   √ � 17  
 _ 

4
   

69. 121.5 square units 
75. c = 9 

5-8

Check It Out! 1a. Quadratic; 
second differences are constant 
for equally spaced x-values. 
b. Not quadratic; first differences 
are constant so the function is 
linear. 2. f(x) = - x  2  + 4x - 3 

3. L(d) ≈ 14.3 d  2  - 112.4d + 430.1; 
about 446 ft

Exercises 3. Not quadratic; second 
differences are not constant for 
equally spaced x-values. 
5. y =  x  2  - 2x - 3 7. y =  x  2  - 3x + 4

9. y = -  1 _ 
2

   x  2  + 4x - 3 11. C(x) ≈

0.0098 x  2  + 0.62x + 3.8; about $31.20
13. Quadratic; second differences 
are constant for equally spaced 

x-values. 15. y =   4 _ 
3

   x  2  - x -   7 _ 
3

   

17. y = 0.5 x  2  - 3x - 8 

19. y ≈ -3.7 x  2  + 216x + 781; about 
$3290 million, or $3.29 billion 

21. The function is A(b) =  (  1 _ 
2

  h) b, 

which is linear. 23. The function 
is A(s) =  s  2 , which is quadratic. 

25. -3 27. -1
29a. p(s) = -0.125 s  2  + 5.25s - 
35.05 b. $18.95 c. a maximum 
point; the price and size of the 
most expensive pizza 
d. $9.95; -$1.05 31. not quadratic 
33. quadratic; y = 5 x  2  + 2x 
35. not quadratic 39a. y ≈ -10.7x 
+ 208.1 b. no c. linear; y = 4x + 8

41. t(n) =   1 _ 
2

   n  2  +   1 _ 
2

  n 

43b. y ≈ 0.5x + 3 
c. y ≈ -0.13 x  2  + 2.8x - 6 
45. B 47. D 
49. y = 2 x  2  - 5 53. yes 
55. The matrix is undefined.

57.  
⎡
 
 
 ⎢   

⎣
    
  1 __ 
3
  
   

0
      

-  8 __ 
3
  
   

-2
    
⎤
 
 
 �   

⎦
  59. ±3i 

5-9

Check It Out! 
1. 

2a.   √ � 5   b.   1 _ 
2

   c. 23 3a. -3 - i 

b. -3 - 3i c. 8 

4a. 

 4 + i 

b. 

 -2 - 3i

5a. 10 + 6i b. 20 - 28i 

c. 13 6a. -  1 _ 
2

  i b. -1 

7a. -8 + 3i b.   7 _ 
5

   +   1 _ 
5

  i

Exercises 1. real; imaginary 
3, 5. 

7. 33.3 9. 13 11. 15 13. 3 - 5i 
15. -9 + 15i 17. -28 - 19i 
19. -3 - i 21. 5 23. 37 - 5i 

25. 8 + 6i 27. -i 29. -1 31.   21 _ 
10

   +   17 _ 
10

  i

33. 4 - i 35. -2 +   1 _ 
2

  i 

37, 39. 

41. 18 43. 10 45. 2  √ � 29   47. -11 + 7i
49. 28 + 41i 51. -4 + 9i 53. 4 + 6i
55. 48 + 12i 57. 53 59. 24 + 78i

61. -i 63. -5 65.   13 _ 
10

   -   11 _ 
10

  i 

67. 4 + i 69.   3 _ 
4

   +   9 _ 
4

  i 71. 3i 

73. -2 - i 75.   √ � 10   77. 2  √ � 10   

79. 0 81.     
√ � 10  

 _ 
2

   83.   √ � 11   85. 9.5 + 2.9i

87. -9.7 + 1.3i 89. -1 + 4i

91. -5 + 12i 93. 10 - 5i 95. 0 
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97. 1 - 12i 99.   26 _ 
37

   +   8 _ 
37

  i 101.   8 _ 
13

   

+   12 _ 
13

  i 103.  Z  eq  =   7 _ 
4

   - i 

105. always true 107. always true 
109. A is incorrect. 113. D 115. C

119.   ac + bd _ 
 c  2  +  d  2 

   +   
(bc - ad)

 _ 
 c  2  +  d  2 

   i 

121. 0 ≤ x ≤ 2 123. -5 ≤ x ≤   3 _ 
2

  
125. Yes

Study Guide: Review

1. imaginary number; complex 
number 2. zero of a function 
3. vertex of a parabola
4. discriminant 5. minimum value
6. 

7. 

8. g is f vertically stretched by a 
factor of 4 and translated 2 units 
right. 9. g is f reflected across the 
x-axis, vertically stretched by a 
factor of 2, and translated 1 unit 
left. 10. g is f vertically compressed 
by a factor of   1 _ 

3
   and translated 

3 units down. 11. g is f reflected 
across the x-axis and translated 
2 units left and 6 units up. 
12. Possible answer: g(x) = - x  2  - 3
13. Possible answer: g(x) = 2(x - 4 ) 2 

14. Possible answer: g(x) =   1 _ 
4

  (x + 1 ) 2 

15. opens upward; x = 2; (2, -1); 3
16. opens upward; x = -1; (-1, 2); 3
17. opens upward; x = 1.5; 
(1.5, -2.25); 0 18. opens upward; 
x = 2; (2, 2); 4 19. minimum: 5 
20. maximum: 4.5 21. minimum: 
-5.25 22. maximum: 18 
23. maximum: 12 24. minimum: 7 
25. x = -1 or x = 8 26. x = 2 or 
x = 3 27. x = -12 or x = 12 
28. x = 0 or x = 21 29. x = 2 
30. x = -1  or x = -3 31. x = 2 or 
x = -16 32. x = -  1 _ 

3
   33. Possible 

answer: f(x) =  x  2  + x - 6 

34. Possible answer: f(x) =  x  2  - 1 
35. Possible answer: f(x) =  
x  2  - 9x + 20 36. Possible answer: 
f(x) =  x  2  + 5x + 6 37. Possible 
answer: f(x) =  x  2  + 10x + 25 
38. Possible answer: f(x) =  x  2  - 9x
39. x = 4 or x = 12 40. x = -14 or 
x = -6 41. x = -2 or x = 8 
42. x = 7 ±   √ � 62   43. f(x) = (x - 2 ) 2 

+ 5; (2, 5) 44. g(x) = (x + 1 ) 2  - 8; 
(-1, -8) 45. x = ±9i 46. x = ±5i
47. x = -3 ± i 48. x = -6 ± 3i
49. x = 7 ± i  √ � 26   50. x = 11 ± 2i  √ � 3  
51. -5i - 4 52. 3 - i  √ � 5  

53.   3 ±   √ � 41  
 _ 

2
   54. 5 ± 2i  √ � 3  

55.   5 _ 
2

   ±   
i  √ � 11   

 _ 
2

   56. -  3 _ 
2

   ± i    √ � 3   
 _ 

2
  

57.   5 _ 
2

   ± i    √ � 15  
 _ 

2
   58. 1 distinct real

solution 59. 2 real solutions 
60. 2 nonreal complex solutions 
61. 2 real solutions 62. 2 nonreal 
complex solutions 63. 2 nonreal 
complex solutions 

64. 

65. 

66. x ≤ -3 or x ≥ 1 67. -4 < x < -1
68. x < 1 or x > 5 69. -3 ≤ x ≤ 3
70. -  √ � 3   < x <   √ � 3   71. -2 ≤ x ≤   2 _ 

3
  

72. y = - x  2  - 3x + 6 73. y = -2 x  2  + x
74. y ≈ 0.000188 x  2  - 0.0112x + 0.182
75. ≈0.074 in. 76. y ≈ 0.360 x  2  -
11.9x + 105 77. ≈37.8 ohms 
78. 3 79. 2  √ � 5   80. 20 81. 7 
82. 7 + 4i 83. 6 + 2i 84. -6 
85. -20 - 15i 86. 46 + 28i 
87. 13 88. 9 - 19i 

89. -57 - 51i 90. 1 91. -5i 

92. -  9 _ 
2

   + i 93.   7 _ 
25

   +   26 _ 
25

  i 

94. 2 - 6i 95. 4 + 5i

Chapter 6

6-1

Check It Out! 1a. 3 b. 0 c. 5
d. 9 2a. -2 x  2  + 4x + 2; -2; 
2; 3; quadratic trinomial 
b.  x  3  - 18 x  2  + 2x - 5; 1; 3; 4; 
cubic polynomial with 4 terms 
3a. 16 x  3  - 30 x  2  + 6x - 16 
b. 5 x  3  - 9 x  2  - 3x + 14 
4. f  (4)  = 3.8398; f  (17)  = 1.6368; the 
concentration of dye after 4 s; the 
concentration of dye after 17 s 
5a. From left to right, the graph 
increases, decreases slightly, and 
then increases again. It crosses the 
x-axis 3 times, so there appear to 
be 3 real zeros. 
b. From right to left, the graph 
decreases and then increases. It 
does not cross the x-axis, so there 
are no real zeros. 
c. From left to right, the graph 
decreases and then increases. It 
crosses the x-axis twice, so there 
appear to be 2 real zeros. 
d. From left to right, the graph 
alternately decreases and increases, 
changing direction 3 times. It 
crosses the x-axis 4 times, so there 
appear to be 4 real zeros.

Exercises 1. The leading 
coefficient of a polynomial is 
the number being multiplied 
by the variable with the greatest 
degree. 3. 5 5. 6 7. 3 x  2  + 5x - 4; 
3; 2; 3; quadratic trinomial 
9. 4 x  4  + 8 x  2  - 3x + 1; 4; 4; 4; 
quartic with 4 terms 
11. 3 x  2  + 12x + 3 
13. -5 x  2  - 7x - 5 15. From left 
to right, the graph increases. It 
crosses the x-axis once, so there 
appears to be 1 real zero. 17. From 
left to right, the graph decreases. 
It crosses the x-axis once, so there 
appears to be 1 real zero. 19. 8 
21. 0 23. 2 x  4  + 3 x  3  +  x  2  - 7x; 2; 4; 
4; quartic with 4 terms 
25. 2 x  3  + 10x - 9; 2; 3; 3; cubic 
trinomial 27.  x  3  +  x  2  
29. 5 y  3  - 3 y  2  + 2y + 2 
31a. d (1)  = -3; d (2)  = -28 
33. From left to right, the graph 
increases. There is 1 real zero. 
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35. The graph decreases, increases, 
and then decreases. There is 1 real 
zero. 41. S (x)  = 4π  x  2  + 8πx 

43. S (x)  = 5π x  2  +   31 _ 
2

  πx + 12π 

45a. $12.04 b. $27.52 47. sometimes 
true 49. sometimes true 
51a. The x-intercepts are -3, 1, 
and 4. b. The x-intercepts are -1, 
-2, 3, and 1. c. The x-intercepts are 
0, -1, and 2. d. The x-intercepts 
are -2 and 3. e. The x-intercepts 

are -  1 _ 
2

  , 0, and   1 _ 
2

  . 53. Yes 55. J 57. J

67. vertical 69. horizontal
71. shift left 3 units and up 2 units

6-2

Check It Out! 
1a. 12 c  3  d  3  - 18 c  2  d  3  + 42 c  2  d  4  
b. 6 x  2  y  4  +  x  2  y  3  - 28 x  2  y  2  + 30 x  2 y
2a. 9 b  3  - 9 b  2 c - 4b c  2  + 4 c  3 
b.  x  4  +  x  3  - 21 x  2  + 13x - 2
3. T (x)  = -0.00008 x  4  - 0.0028 x  3  + 
0.028 x  2  + 0.3x + 9
4a.  x  4  + 16 x  3  + 96 x  2  + 256x + 256
b. 8 x  3  - 12 x  2  + 6x - 1
5a.  x  3  + 6 x  2  + 12x + 8
b.  x  5  - 20 x  4  + 160 x  3  - 640 x  2  + 
1280x - 1024
c. 81 x  4  + 108 x  3  + 54 x  2  + 12x + 1

Exercises
1. -20 c  3  d  5  - 12 c  4  d  4 
3. 5 x  3 y + 8 x  2 y - 7xy
5.  x  3  +  x  2 y - 3x y  2  +  y  3 
7. 3 x  5  + 15 x  4  + 16 x  3  - 3 x  2  + 6x - 2
9. -0.02 x  4  - 0.3 x  3  + 4.4 x  2  - 
14.2x + 20
11.  x  4  + 4 x  3 y + 6 x 2  y  2  + 4x y  3  +  y  4 
13.  x  3  - 9 x  2 y + 27x y  2  - 27 y  3 
15. 16 x  4  + 32 x  3 y + 24 x  2  y  2  + 8x y  3  +  y  4 
17. 32 x  5  - 80 x  4 y + 80 x  3  y  2  - 
40 x  2  y  3  + 10x y  4  -  y  5 
19. 6 x  4  + 27 x  3  - 18 x  2 
21. 12 r  5  + 28 r  4  - 60 r  3  + 28 r  2 
23. 6 x  3  + 7 x  2 y - 16x y  2  + 10 y  3 
25. 12 x  4  + 17 x  3  + 8 x  2  + x - 2
27. 8 x  3  - 24 x  2  + 24x - 8
29.  x  4  - 4 x  3 y + 6 x  2  y  2  - 4x y  3  +  y  4 
31.  x  4  - 12 x  3 y + 54 x  2  y  2  - 
108x y  3  + 81 y  4  33.  x  5  + 5 x  4 y + 
10 x  3  y  2  + 10 x  2  y  3  + 5x y  4  +  y  5  
35. equivalent 37. not equivalent
39. T (x)  =-0.0003 x  4  - 0.0164 x  3  + 
2.572 x  2  - 14.12x + 116.2
41.  p  3  - 6 p  2 q + 12p q  2  - 8 q  3 
43.  x  6  +  x  4  y  3  +   x  3 y  3  + x y  6 

45. 5 x  3 y +  x  2 y - 9xy + 10 x  3  + 
2 x  2  - 18x
47.  3x  4  -  24x  3  + 72 x  2  - 96x + 48
49. - x  5  - 14 x  3  - 45 x  2  + 30x - 450
51. 2 x  6  - 3 x  5  - 8 x  4  + 12 x  3  + 
14x - 21
53. No
55a. f  (n)  =   1 __ 4   n  4  +  n  3  +   5 __ 4   n  2  +   1 __ 

2
  n

b. 7098 59. J 61. H 
63.  x  10  - 10 x  9  + 45 x  8  - 120 x  7  + 
210 x  6  - 252 x  5  + 210 x  4  - 120 x  3  + 
45 x  2  - 10x + 1 
65.  m  6  - 3 m  4  n  2  + 3 m  2  n  4  -  n  6 
67. B (x)  = x - 3
69. B (x)  =  x  3  + 1

71.  
⎡
 
 
 ⎢   

⎣
   8   
4

    
1
   

13
   
⎤
 
 
 �   

⎦
 

73.  

⎡
 

 
 ⎢ 
 
 

⎣
    

4
 

  
 -4    

-4

   
-2

 
  

 10    

-6

   
10

 
 

 6   

6

   

⎤
 
 
 � 
 
 

⎦
 

75. 4 x  4  - 6 x  3  + 5 x  2  + 3x; 4; 4; 4; 
quartic with 4 terms
77. 3 x  5  - 4 x  2  - 2x + 9; 3; 5; 4; 
quintic with 4 terms

6-3

Check It Out! 

1a. 5x + 1 -   13 _ 
3x + 1

  

b. x + 8 -   4 _ 
x - 3  

2a. 6x - 23 +   63 _ 
x + 3

   b. x + 3

3a. P (-3)  = 4

b. P  (  1 _ 
5

  )  = 5 4. y - 5

Exercises 3. x + 2 +   1 _ 
x - 1  

5. 7x - 2 7. x - 6
9. P (-8)  = 42 11. P (-1)  = 6
13. x + 4 15.  x  2  - 1
17.   1 _ 

2
   x  3  - 2 x  2  -   7 _ 

2
  

19. x + 4 +   2 _ 
x + 1

  

21. x + 1 -   2 _ 
x + 8

  

23. 2x + 14 -   1 _ 
x -   1 __ 

2
  
  

25. P (4)  = 9

27. P (-  1 _ 
3

  )  =   5 _ 
3

  

29. I (t)  = 0.5 t  2  + 4t
31. a = 2; b = 8; c = 29
33. a = 3; b = 9; c = -4
35. x - 2
37. D (h)  =   1 _ 

π
   -   4 _ 

πh
   +   20 _ 

π h  2 
  

39.  y  2  + 5 41.  x  2  - 5x - 12

43. t - 4 45.  x  3  + 3 x  2  - 10x - 1
47.  x  3  -  x  2  + 3x - 4 +   1 _ 

x - 6  

49. Solution B is correct. 53. B 
55. D 57. P(-4) = -1,189,150
59. P(1) = 0 61. k = 18
65. max = 1.25; D: &; 
R: { y | y ≤ 1.25} 
67. min = -2; D: &; R: { y | y ≥ -2}
69. 12 x  3  y  3  + 24 x  3 y + 20 x  2  y  4 
71. 4 x  3  - 8 x  2 y + 8x y  2  - 4 y  3 

6-4

Check It Out! 
1a. no b. yes
2a.  (x + 3)  (x - 3)  (x - 2) 

b.  ( x  2  + 4)  (2x + 1) 

3a.  (2 +  z  2 )  (4 - 2 z  2  +  z  4 ) 

b. 2 x  2  (x - 2)  ( x  2  + 2x + 4) 

4. x = 1, 3, 4; V (x)  = 
 (x - 1)  (x - 3)  (x - 4) 

Exercises
1. yes 3. yes
5.  (x + 2)  (x - 2)  (x + 5) 
7. 2 (x + 2)  (x - 2)  (x - 1) 
9. 3 (x - 2)  (4x + 1) 
11. 2 t  4  (t + 3)  ( t  2  - 3t + 9) 
13.  (3 + x)  (9 - 3x +  x  2 ) 
15.  (y - 5)  ( y  2  + 5y + 25) 
17. no 19. yes
21.  (b + 2)  (b - 2)  (4b + 3) 
23.  (x + 3)  (x - 3)  (3x + 1) 
25.  (x + 2)  (x - 2)  (5x - 1) 
27.  (s - 1)  (s + 1)  ( s  2  + s + 1)  
( s  2  - s + 1) 
29. 6x (x - 3)  ( x  2  + 3x + 9) 

31.  y  2  (y + 3)  ( y  2  - 3y + 9) 

33.  x  2  ( x  2  - 7)  ( x  2  - 7) 
35.  (x - 2)  (x + 2)  (4x + 1) 

37. x (2 x  2  - 1)  (2 x  2  - 3)  (2 x  2  + 3) 
39. a = 3; d = 72
41. P (x)  =  (x - 2)  ( x  3  + 5x + 1) 

43. P (x)  =  (x + 2)  (2 x  4  - 6x + 3) 

45a. f  (t)  = -t (t - 8)  (t - 18)  
(t - 18)  b. $2,535,000
c. f  (15)  = -945
47. B (x)  =  x  3  - 2 x  2  + 4x - 8 51. J
53. [ (x - 3)  + 2][  (x - 3)   2  - 
2 (x - 3)  + 4];  (x - 1)  ( x  2  - 8x + 19) 
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57.  (3x - 5)  (3x - 5) 

59.  (x -   22 _ 
3

  )  (x +   35 _ 
6

  )  61. 20

63.   19 _ 
26

   +   17 _ 
26

  i 65. P (5)  = 64

67. P (-1)  = 20

6-5

Check It Out! 
1a. x = 0, -1, 6 b. x = -5, 2, 5
2a. x = 2 with multiplicity 4
b. x = 0 with multiplicity 3; 
x = -1 with multiplicity 1; x = 6 
with multiplicity 2 3. 2 ft

4. x = -  1 _ 
2

  , 1 ±     √ � 5  

Exercises
3. x = 6, -6, 1, -1

5. x = 0,   1 _ 
3

  , -4

7. x = -5, -2, 2, 5
9. x = -2, 2 with multiplicity 3
11. x = -6, ±    √ � 5   13. x = -5, 1, 4
15. x = -3, 3 17. x = -8, 0, 8
19. x =   5 _ 

2
  , ±    √ � 2   21. x = 0

with multiplicity 2; x = 8 with 
multiplicity 3 23. 3 in. by 3 in.

25. x = -  4 _ 
3

  , ±    √ � 2   27a. ±1, ±2, ±4

b. x = -2, 2 c. 2 d. x = -2.62, 
-0.38 29. x = 3, 2 ±    √ � 2  
31. x = -5, -2, 3, 5
33. x = -1, 0, 1, 2 ±     √ � 5   35a. 126 ft
b. The coaster passes through 
2 tunnels within the first 100 s.
c. Possible answer: h (t)  = 
3 (t - 3)  (t - 5)  41. F 43. H 
45. k = -18 47. k = 6 
49. x < -3 or x > 2 51. -1 < x < 1 
53. 4 (2x + 1)  (x + 1)  (x - 1) 

6-6

Check It Out! 
1a. P (x)  =  x  3  - 4 x  2  - 4x + 16
1b.  x  3  -   11 _ 

3
   x  2  + 2x

2. x = -5, 1, 2i, -2i
3. P (x)  =  x  5  - 5 x  4  + 9 x  3  - 17 x  2  + 
20x + 12 4. r = 9 ft

Exercises

1. P (x)  =  x  3  -   10 _ 
3

   x  2  + 3x -   2 _ 
3

  

3. P (x)  =  x  3  -   1 _ 
2

   x  2  - 4x + 2

5. x = 2,   
2 ±    

 √ � 2i  
 _ 

3
  

7. P (x)  =  x  3  - 4 x  2  + 6x - 4
9.  P (x)  = x  5  - 2 x  4  + 2 x  3  - 4 x  2  - 
8x + 16
11. P (x)  =  x  3  - 3x - 2

13. P (x)  =  x  3  + 3 x  2  - 6x - 8
15. x = 1, 3 17. x =   3 _ 

2
  , 2i, -2i

19. x = 1, -1, ±    √ � 3  
21. P (x)  =  x  5  + 3 x  4  - 13 x  3  - 
39 x  2  + 40x + 120 23. r = 9 ft 
25. x = 2, -4, -1
27. x = -1 29. x = 3,   

-1 ± i    √ � 3  
 _ 

2
  

31. x = 0, 7, 3 ± 2i
33. x = ±3i, ±i    √ � 5   35. x = -1, 2, 3
37a.  x  3  - 6 x  2  - 243 = 0 b. 9 m
c. They are complex.
39.  P (x)  =x  4  + 12 x  2  - 64
41. P (x)  =  x  3  - 4 x  2  + 5x - 2
43.  P (x)  = x  4  - 6 x  3  + 18 x  2  - 54x + 81
45. never true 47. Sometimes true
49. x = 0 or x ≈ ±0.537
51. x ≈ -0.782, 0.975, 3.965
53. r = 6 57. B 59. D 61. D
63. f  (3i)  = 0; f  (-    √ � 3  )  = 
-36 - 12    √ � 3   65. x = ±3i 
67.  (a + bi)  (a - bi) 
69.  (a + bi)  (a - bi) 
( a  4  - 2 a  2  b  2  +  b  4 ) 
71.  x  4  + 2 x  2  + 1 = 0; ±i
73. shift right 2 units, reflection 
across x-axis, and shift up 3 units
75.  (9, -3)  77. x = 0, 42, 1
79. x = 0, -8, 2

6-7

Check It Out! 
1a. 2; 5; as x → -∞, P (x)  → -∞, 
as x → + ∞, P (x)  → ∞ b. -3; 2; 
as x → -∞ , P (x)  → -∞ as 
x → + ∞, P (x)  → -∞
2a. odd; negative b. even; positive
3a. 

b. 

4a. 

min = -4.0887; max = -1.9113
b. 

min = 6
5. 420.1 f t  3 

Exercises
1. A graph “turns around” at a 
turning point.
3. -2; 7; x → -∞ Q → +∞, x → +∞ 
Q → -∞ 5. 3; 2; x → ∞ S → +∞, 
x → +∞ S → +∞ 7. even; positive 
9. even; negative
11. 

13. max = -2.9098; min = -14.0902
15. 2; 3; x → -∞ P → -∞, x → +∞ 
P → +∞
17. -1; 5; x → -∞ R → ∞ x → +∞ 
R → +∞
19. even; negative 21. odd; 
negative
23. 

25. 

27. min = 20 29. max = -1
31. 3.425 L; 0.5 s 33. B 35. A
37. +∞; +∞ 39. +∞; +∞
41. -∞; -∞ 
45a. V (x)  = -  1 _ 

3
   x  3  +   10 _ 

3
   x  2 

b. 49.4 i n  3  c. 6.7 in. × 3.3 in. × 6.7 in.
49. H
57. no 59. h (t)  = -16  (t - 2)   2  + 70;

vertex  (2, 70)  61. 10x - 2 +   8 _ 
x + 1
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6-8

Check It Out! 
1a. g (x)  =  x  3  - 1

b. g (x)  =  x  3  + 6 x  2  + 12x + 12

2a. g (x)  = - x  3  + 2 x  2  + x - 2
b. g (x)  = - x  3  - 2 x  2  + x + 2
3a. vertical compression

b. horizontal stretch

4a. g (x)  = 4  (x - 3)   3  - 1 
 = 4 x  3  - 3 x  2  + 108x - 109

b. g (x)  = -8  (x + 3)   3  + 2
 = -8 x  3  - 96 x  2  - 384x - 510

5. g (x)  = 0.01 x  3  + 0.55 x  2  - 
5.85x + 134.25
Possible answer: The model 
represents the number of sales 
since March.

Exercises
1. g (x)  =  x  4  - 4 3. j (x)  = 81 x  4  - 8
5. g (x)  =  x  3  + 3 x  2  + 2x + 1
7. horizontal stretch 9. horizontal 
compression and vertical shift
11. g (x)  =-32 x  3  + 2
13. c (x)  = 4 x  3  - 6x + 60; the cost 
has doubled.
15. h (x)  =  x  3  - 9 x  2  + 27x - 31
17. g (x)  = - x  3  + 2 x  2  - 5x + 3
19. vertical stretch 
21. horizontal stretch 
23. g (x)  =   1 _ 

3
   x  4  - 1

25. V  (  2 _ 
3

  x)  =   8 _ 
27

   x  3  +   4 _ 
3

   x  2  +   2 _ 
3

  x + 8

27a. v > 2.04 b. G (v)  = 0.24 v  2  + 
2.4v + 6; a shift 5 units left 
c. v ≥ 0 d. a vertical stretch 
31. B 33. B 35. shift right 2 units 
37. shift right 3 units and up 8 units 
39. w (t)  = 60t; yes 41. 3 x  5  - 3 x  4  + 
5 x  2  - 4x 43. x = -2, 1, ± i    √ � 5  
45. x = -4, -1, 2, ±2i    √ � 2  

6-9

Check It Out! 
1. cubic 2. f  (x)  = 0.001 x  3  - 
0.113 x  2  + 4.134x - 24.867
3. $11,482.84

Exercises 1. linear 3. quartic 
5. 831 patients 7. quartic 
9. f  (x)  = 0.821 x  2  - 1.821x + 23.357 
13a. f  (x)  = 0.019 x  3  - 0.185 x  2  + 
0.95x + 12.056;  R  2  = 0.9944
b. f  (x)  = 0.0075 x  4  - 0.071 x  3  + 
0.143 x  2  + 0.604x + 12.083; 
 R  2  = 0.9967 c. no 15. yes 17. C
19. f  (x)  =  x  3  - 5x + 4 
25. 4a - 25 a  3  27. cubic parent 
function; shift right 1 unit and up 
2 units. 29. 4; 5; x → -∞ , 
f  (x)  → -∞; x → +∞, f  (x)  → +∞

Study Guide: Review

1. monomial 2. synthetic division
3. multiplicity 4. end behavior
5. -3 x  3  + 4 x  2  + 6x + 7; -3; 3; 
4: cubic polynomial with 4 terms
6. - x  5  + 2 x  4  + 5 x  3  + 8x; -1; 5; 
4: quintic polynomial with 4 terms

7. 9 x  2  - 11x + 1; 9; 2; 3: quadratic 
trinomial 8.  x  4  - 6 x  2 ; 1; 4; 
2: quartic binomial 9. 8 x  3  +  x  2  - 4x
10. -5 x  3  + 6 x  2  + 10x - 1
11. -6 x  2  - x + 9 12. -4 x  4  -  x  3  - 3
13. From left to right, it alternately 
increases and decreases, changing 
direction 3 times and crossing the 
x-axis 2 times. There appear to be 
2 real zeros. 14. From left to right, 
it increases, decreases slightly, and 
then increases again. It crosses the 
x-axis 1 time. There appears to be 
1 real zero. 15. From left to right, it 
alternately decreases and increases, 
changing direction 3 times. It 
crosses the x-axis 4 times. There 
appear to be 4 real zeros.
16. From left to right, it increases, 
decreases, and then increases 
again. It crosses the x-axis 3 times. 
There appear to be 3 real zeros.
17. 15 x  3  - 10 x  2 
18. -6 t  3  + 18 t  2  - 3t
19.  a  3  b  2  -  a  2  b  2  +  a  2  b  3 
20.  x  3  - 4 x  2  + x + 6
21. 2 x  4  + 3 x  3  - 5 x  2  + 2x + 5
22.  x  3  - 9 x  2  + 27x - 27
23.  x  5  + 4 x  4  - 3 x  3  - 11 x  2  + 4x
24. 16 x  4  + 32 x  3  + 24 x  2  + 8x + 1
25. 4π x  4  - 4π x  3  - 12π x  2 

26.  x  2  - 7x + 16 -   39 _ 
x + 2

  

27. 4 x  3  + 2 x  2  + 4x + 1 +   5 _ 
2x - 1  

28.  x  2  - x +   2 _ 
x - 3  

29.  x  2  + 2x + 6 +   11 _ 
x - 2  

30.  x  2  + 2x + 2 in.; remainder 
2 in. 31. no 32. yes 33. yes 
34.  (x - 1)  (x - 4)  (x + 4) 

35.  (x - 2)  (2x - 1)  (2x + 1) 

36. 3 (x + 3)  ( x  2  - 3x + 9) 

37. 2 (2x - 1)  (4 x  2  + 2x + 1) 
38. 1, 2 39. -2, -2 ±    √ � 3  
40. -1 41. -3, 3, ±    √ � 3   42. -1, ±    √ � 2  
43. 1, 2 ± 2    √ � 2   44. 2 m
45. P (x)  =  x  3  - 3 x  2  - 10x + 24

46. P (x)  =  x  3  -   1 _ 
2

   x  2  -   13 _ 
2

  x - 3
47. P (x)  =  x  3  +  x  2  - 2x - 2
48. P (x)  =  x  3  + 3 x  2  + x + 3
49. P (x)  =  x  4  - 5 x  2  + 6
50. P (x)  =  x  4  - 2 x  3  + 2 x  2  - 8x - 8
51. 1, -2i, 2i 52. -i, i, -    √ � 2  ,    √ � 2  

53. ±4, ±  1 _ 
2

  i 54. ±    √ � 5  , -3

55. -2; 3; as x → -∞, f  (x)  → +∞; 
as x → +∞, f  (x)  → -∞ 
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56. 1; 4; as x → ±∞, f  (x)  → +∞ 
57. -3; 6; as x → ±∞, f  (x)  → -∞
58. 7; 5; as x → -∞, f  (x)  → -∞, 
as x  → +∞, f  (x)  → +∞
59. 

60. 

61. 

62. g (x)  = 2 x  4  - 12 x  2  + 1
63. g (x)  = - x  4  + 6 x  2  + 6
64. g (x)  =   (-x - 3)  4  + 6  (-x - 3)  2  - 4
65. f  (x)  ≈ -6  2 _ 

3
   x  4  + 80 x  3  - 

328  1 _ 
3

   x  2  + 575x - 72

66. f  (x)  ≈ 80.5 x  3  - 523.5 x  2  + 
1790x + 544

Chapter 7

7-1

Check It Out!
1. growth

2.  P (t)  = 350  (1.14)  t 

30.9 yr

3.  v (t)  = 1000  (0.85)  t 

14.2 yr

Exercises 1. exponential decay.
3. growth
 

5a. f (x)  = 150 ( 2  x ) 

b. 

c. ≈ 600,000 

7. decay 9. growth

11a. f (x)  = 10  (0.95)  
x
  c. ≈ 6 units 

d. 13.6 min. 13. no 
15. ≈ $12,000,000 17. ≈ 5.8 yr 
19. 15.63; 6.25; ...; 0.03; 0.01 
21a. ≈ 3146 b. 12th month 
25. (34.868, 100] 27a. 17% 
b. A (t)  = 500  (0.83)  t  c. ≈ 36.8 mg
29.  3  x  31. B 37. x > 22.76 
39. 2;  (2, 4) ,  (≈ -0.767, ≈ 0.588) 

43. D: &; R: { y | y ≤ 1};
f (x)  =  x  2  reflected across x-axis 
and shifted 1 unit up 47. odd; 
positive 49. even; negative

7-2

Check It Out! 

1. 

relation: D: {1 ≤ x ≤ 6}; 

R: {0 ≤ y ≤ 5}
inverse: D: {0 ≤ y ≤ 5}; 

R: {1 ≤ x ≤ 6}
2a.  f   -1  (x)  = 3x b.  f  -1  (x)  = x -   2 _ 

3
  

3.  f   -1  (x)  =   x + 7 _ 
5

   

4.  f   -1  (x)  =   3 _ 
2

  x - 3
 

5. inverse: z = 6t - 6; 36 oz of water

Exercises
1. relation
3. 

relation: D: {-1 ≤ x ≤ 4}; 

R: {-4 ≤ y ≤ -1}
inverse: D: {-4 ≤ y ≤ -1}; 

R: {-1 ≤ x ≤ 4}
5.  f   -1  (x)  =    1 _ 

4
  x 7.  f    -1  (x)  = x + 2  1 _ 

2
  

9.  f   -1  (x)  = 2 (x - 3)  

11.  f   -1  (x)  = -  2 _ 
3

  x + 1

13.  f   -1  (x)  =   2 _ 
3

  x +   5 _ 
3
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15. 

f  -1  (x)  = 4 (x - 2) 

17. F =   9 _ 
5

  C + 32; 61° F

19. 

relation: D: {-4 ≤ x ≤ 4}; 

R: {-2 ≤ y ≤ 2}
inverse: D: {-2 ≤ y ≤ 2}; 

R: {-4 ≤ x ≤ 4}
21.  f  -1  (x)  = x + 1  3 _ 

4
  

23.  f  -1  (x)  = -  1 _ 
32

  x +   21 _ 
32

  

25.  f  -1  (x)  = 5x - 60 

27.  f  -1  (x)  = -3x + 6

29. 22 31a.  f    -1  (x)  =   212 - x _ 
1.85

   

b. 6500 ft c. 27,946 ft

33.  (4, 2) ,  (2, 4) ,  (-3, -1) ,  (-1, -3) 

35. f (x)  =   10 _ 
12.59

   x;  f  -1  (x)  = 1.259x; 

31.48 s 37. B 39. yes 41. always

43. never 45. always 

47a. P =   147 _ 
340

  d + 14.7

b. D: {d | d ≥ 0}; R: {P | P ≥ 14.7}

c. d =   340 _ 
147

  P - 34; depth as a 

function of pressure 49. F

51.

x 1 2 3 4 5

y 0 1 2 3 4

53. y = -  b _ a  x +   c _ a   

61. 2 x  3  - 14x + 12 = 0

63. 2 x  3  - 8 x  2  + 12x - 8 = 0

65. decay 67. growth

7-3

Check It Out! 1a.  log  9  81 = 2
b.  log  3  27 = 3 c.  log  x  1 = 0
2a.  10  1  = 10 b.  12  2  = 144

c.   (  1 _ 
2

  )  
-3

  = 8 3a. -5 b. -1

4. 

f (x) : D: &, R: {y | y > 0};  f  -1  (x) : 
D: {x | x > 0}; R: & 5. 3.8

Exercises
1. x 3.  log  4  8 = 1.5 5.  log  3  243 = x
7.  x  3  = -16 9.  6  3  = x 11. -2 13. 2
15. f (x) : D: &, R: {y | y > 0};  f  -1  (x) : 

 D: {x | x > 0}; R: & 
17.  log  x  32 = 2.5 19.  log  1.2  1 = 0
21.  5  4  = 625 23.  4.5  0  = 1 25. 0 27. 3
29. f (x) : D: &, R: {y | y > 0};  f  -1  (x) : 

 D: {x | x > 0}; R: & 31. no 33. 1
35. yes 37a. orange b. lemon
c. grapefruit 39. C 41. A 43. 6
47a.  2  11  = 2048 Hz,  log  2  2048 = 11

b. 3 octaves lower 49.   2s _ 
 t  2 

  

51. 21 a  -1  b  4  + 28 a  -3  b  5 
53. 0.35; 0.59; 1; 1.7; 2.89
55. 11.11; 3.33; 1; 0.3; 0.09

7-4

Check It Out! 
1a.  log  5  (625 • 25) = 6
b.  log  

  1 _ 
3

  
  3 = -1 2.  log  7  7 = 1

3a. 4 log 10 = 4 b. 4  log  5  5 = 4
c. -5  log  2  2 = -5 4a. 0.9 b. 8x
5a. 1.5 b. 1. 

− 3  6. ≈ 63

Exercises
1.  log  5  3125 = 5 3.  log  3  81 = 4
5. log 100 = 2 7. 2 9. 6 11.   x _ 

2
   + 5

13. 5 15. -1.5 17. ≈ 1.43
19. 2 times as large 21. log 10 = 1
23. log 10 = 1 25.  log  1.5  3.375 = 3
27. 0.2 29. 7 + x 31. 4 33. 1.5
35. ≈ 3.16 times as intense
37.  log  b  m +  log  b  n =  log  b  mn
39. n log  b   b  m  = mn

41. 0 43. -  3 _ 
2

   45. 1 

47.  10  -7  -  10  -7.6  

49. t =  log  1.08   (  50 _ 
40

  ) ; 2.9

55a. ≈ 0.2 b. ≈ 2.6 c. ≈ 2.4
57. sometimes 59. always 
61. always 63. sometimes 65. B

67. H 71. {x | x > 1} 73. {x | x > 0}
75. {x | -1 ≤ x < 0} 77. x 79. G 
81. 17 83. 7 85. 12i 87. 8i  √ � 2   
89.  log  5  125 = 3 91.  log  36  6 = 0.5
93. 0 95. 0.5

7-5

Check It Out! 
1a. 1.5 b. ≈ -1.565 c. ≈ 1.302
2. day 18 3a. 5 b. 2 4a. x = 2
b. x < 2 c. x = 1000

Exercises
1. exponential equation 3. x = -2
5. x ≈ 1.661 7. x ≈ 0.503 9. x =   1 _ 

8
  

11. x = 108 13. x =   9 _ 
13

   15. x = 2

17. x = 3.5 19. x = 100 21. x = -5
23. x = 0.8 25. ≈ 7.595 
27. ≈ 41 min 29. x = 30 31. ≈ 2.73
33. x = 20 35. x < 1 37. x = 4
39. x = 4 41. 24 keys below 
concert A 43. 0 47a. 11 km; 
25 km b. greater 49. J 51. no 

53. {x | 0 < x < 12} 55. 26 57. 3 

59.  f  -1  (x)  =   1 _ 
4

  x -   3 _ 
4

  

61.  f  -1  (x)  = 3x - 27

7-6

Check It Out! 
1. 

2a. 3.2 b.  x  2  c. x + 4y
3. $132.31 4. ≈ 47.6 days

Exercises
1. f (x)  = ln x; natural logarithm

3. 

5. 
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7. x - y 9. 2x 11. $9465.87

13. 

15. 

17. 0 19. c + 2 21. $5553.55
23a. They are reciprocals.
25a. ≈ 2.4 min b. ≈ 2.8 min
c. room: ≈ 17.4 min

27. B 29. C 31. x =   e _ 
5

   ≈ 0.54

33. x =    e  5  _ 
  √ � 10   

   ≈ 47 

35. {x | x > 0} 37b. 2
41. C 43. A 45. 4; yes
47a. f (x)  = ln (-x)  b. f (x)  = -ln x
c. f (x)  = -ln (-x) 
d. one asymptote: x = 0
49. g (x)  = f (x)  + 5 = -2 x  2  + 3x + 1
51. g (x)  = -f (x)  = 2 x  2  - 3x + 4
53.  log  2  4 = 2

55.  log  3   (  243 _ 
2187

  )  = -2

57.  log  8  1 = 0

7-7

Check It Out! 

1.

x -2 -1 0 1 2

j (x)   1 _ 
16

    1 _ 
8

    1 _ 
4

    1 _ 
2

  1

y = 0; j (x)  =  2  x  translation 2 units 
right

2a. 

1 _ 
3

  ; y = 0; f (x)  =  5  x  vertical 
compression by a factor of 3

b.  

2; y = 0; j (x)  =  2  x  reflection across 
y-axis and vertical stretch by a 
factor of 2

3. 

-2; x = -1; f (x)  = ln x translation 
1 unit left, reflection across the 
x-axis, and translation 2 units 

down; D: {x | x > -1}
4. g (x)  = 2 log (x + 3) 

5. t = 38,679 yr; no

Exercises

1.

x -2 -1 0 1 2

g (x) 2.1 2.3 3 5 11

y = 2; translation 2 units up; 

R: {y | y > 2}
3.

x -3 -2 -1 0 1

j (x) 0.11 0.33 1 3 9

y = 0; translation 1 unit left

5.   1 _ 
3

  ; y = 0; vertical compression by 

a factor of   1 _ 
3

  

7. -2; y = 0; vertical stretch by a 
factor of 2 and reflection across the 

x-axis; R: { y | y < 0}

9. 1; y = 0; horizontal compression 
by a factor of   1 _ 

2
  

11. x = -3; translation 3 units left 
and vertical stretch by a factor of 

2.5; D: {x | x > -3}

13. g (x)  = - 0.7  
 (  x _ 

3
   + 2) 

 

15. translated 1 unit left, stretched 
vertically by a factor of 3, and 

translated 6 units up; D: {t | t ≥ 0}; 
after about 39 years

17.

x -2 -1 0 1 2

h (x) 1 5 25 125 625

y = 0; translation 2 units left



Selected Answers S99

19. 4; y = 0; vertical stretch by a 
factor of 4 21. -0.25; y = 0; vertical 
compression by a factor of 0.25 and 
reflection across the x-axis; 

R: { y | y < 0} 23. 4; y = 0; vertical 
stretch by a factor of 4 and 
reflection across the y-axis
25. x = 5; translation 5 units right; 

D: {x | x > 5} 27. x = 0; vertical 
stretch by a factor of 4 and 
reflection across the x-axis

29. f (x)  = ln (4x + 3)  - 0.5

31. ≈ 47 yr 33. A 35. D 37. F
39. B and F 41. always
43. sometimes 45. C 47. B
51a. N (t)  = 419  (0.99)   t 

b. N (t)  = 419  (0.99)   
  m _ 
12

  
 

c. 413 53. H 59. min:  (-  1 _ 
8

  , -  81 _ 
16

  ) ; 

D: &; R: { y | y ≥ -5}
61. f (x)  ≈ 0.032 x  3  - 0.0076 x  2  + 
0.073x + 1.30 63. -5x 63.   x _ 

4
  

7-8

Check It Out! 
1a. yes; 1.5 b. no 
2. B (t)  ≈ 199  (1.25)   t ; ≈10.3 min
3. S (t)  ≈ 0.59 + 2.64 ln t; ≈16.6 min

Exercises
1. exponential regression 3. yes;   2 _ 

3
  

5. yes;   4 _ 
3

   7. P (t)  ≈ 621.6 + 1221 lnt; 

≈ 421 mo 9. no 11. yes;   1 _ 
2

  

13. T (t)  ≈ 4.45  (1.165)   t ; ≈ 2011
15. yes; f (x)  = 1.55  (7.54)   

x
 

19. s (t)  = 68.24  (3.69)   t ; ≈ 46.5 
million 23a. 20.5 mi/h; 36.8 mi/h; 
84.0 mi/h b. s = 100( 0.8  t )
25a. exponential b. linear 27. F
29. f (x)  = 7.68 (2.5)  x  33. x = -4

35. x = ±  9 _ 
4

   37. x = -8, 0

39. x = -12, 3 41. x =   4 _ 
3

   43. x = 0

Study Guide: Review
1. natural logarithmic function
2. asymptote 
3. inverse relation
4. growth 5. growth 
6. decay 7. growth 
8. growth 
9. P (t)  = 765 (1.02)  t 

10.

11. ≈ 845 12. ≈ 13.5 yr

13.

14.  P  T  =  P  L   (1 - 0.03)  

15.  P  L  =   
 P  T  

 _ 
0.97

   16. K =   8 _ 
5

  M; 40 km

17.  log  3  243 = 5 18.  log  9  1 = 0
19.  log  

  1 _ 
3

  
  27 = -3 20.  2  4  = 16

21.  10  1  = 10 22.  0.6  2  = 0.36
23. 2 24. 2 25. -1 26. -2 27. 0
28. 

x -2 -1 0 1 2

y 4 2 1 0.5 0.25

D: {x | x > 0}; R: & 
29.  log  2  128 = 7 
30. log 1,000,000 = 6 
31.  log  2  64 = 6 32. log 100 = 2
33.  log  5   5  4  = 4 34. 9 log 10 = 9
35. 10 times 36. -1 37. x ≥ -6
38. x > 10 39. 17.67 quarters, or 
4.4 yr 40. k = 0.0346 
41. g (x)  = -3 e  x  - 2 42. 0.6; y = 0; 
vertically compressed by a factor 

of   3 _ 
5

   and horizontally compressed 

by a factor of   1 _ 
6

   43. -0.5; x = 0.5; 

translated   1 _ 
2

   unit left and vertically 

stretched by a factor of 2
44. V (t)  = 5300 (1 - 0.35)  t 
45. vertically stretched by a factor 
of 3500 46. f (x)  ≈ 11.26 (1.05)  x 
47. f (x)  ≈ -97.8 + 56.4 ln x
48. The exponential function;  
r  2  ≈ 0.94 versus  r  2  ≈ 0.60 for the 
logarithmic function

Chapter 8

8-1

Check It Out! 
1. y = 0.5x

2. 6.25 in. 3. 1.6 m 

4. y =   40 _ x  

5. 83  1 _ 
3

   working hours 

6a. inverse b. direct 7. 20 L

Exercises 1. indirect variation
3. y = -9x 5. 12 ft 7. 6 ft 
9. y =   14 _ x   11. y = -  5 _ x   13. neither 

15. direct 17. y =   1 _ 
2

  x 19. y = -3x 

21. 88 Cal 23. 0.2 kg 25. y =   10.5 _ x   
27. 5 days 29. neither 
31. 1.375 atm 33. sometimes 

35. always 37a. s =   6300 _ 
t
   b. 30 s

39a. I = 0.02Pt b. True Federal 
Bank c. $30 41. x = 5; y = 4.4; 
z = 2 45. D 47. D 49. 24 51. y ≈ 7 
53. y =   5 _ 

4
  x +   1 _ 

4
   55. asymptote: 

y = -2 ; vertically compressed by a 
factor of   1 _ 

2
   and translated 2 units 

down

8-2

Check It Out! 
1a. 2 x  9 ; x ≠ 0 b.   1 _ 

x-1
  ; x ≠ -  4 _ 

3
   and

x ≠ 1 c.   
(2x + 1)

 _ 
(2x-3)

  ; x ≠ -  2 _ 
3

   and

x ≠   3 _ 
2

   2a. -2; x ≠ 5 b.   - x _ 
2x - 1  ; 

x ≠ 3 and x ≠   1 _ 
2

   3a.   2 x  3   _ 
3

   b.   2 _ 
x-2

   

4a.   
3y

 _ 
 x  2 

   b.   
4(x-4)

 _ 
x + 3

  

5a. no solution b. x = 4
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Exercises 

3.   
(2x + 5)

 _ 
(2x - 7)

  ; x ≠   1 _ 
3

   and x ≠   7 _ 
2

  

5.   -1 _ 
x - 5  ; x ≠-4 and x ≠ 5 

7. 6x; defined for all real values of x

9.   
2(x - 2)

 _ 
(x + 5)

   11.   
 x  7  y  4 

 _ 
3

   

13.   
(x + 5 ) 2  

 __  
(2x - 3)(x + 2)

   15. no solution

17. x = -1 19.   4 _ 
x + 5

  ; x ≠   1 _ 
2

   and 

x ≠ -5 21.   -3 _ 
x-4

  ; x ≠ -6 and x ≠ 4

23. -4; x ≠-5 25.   
(x - 4)(2x - 1)

  __  
(x - 3)(x + 4)

  

27.   
3(2x - 5)

 _ x   29.   x + 1 _ 
x - 1   31.   x + 3 _ 

x + 5
  

33. x = 2 35.   π  r  2  _ 
π (5r ) 2 

  ;   1 _ 
25

   

37.   4x - 3 _ 
2x - 1   39. 2 x  2  y  2  41.   3 _ 

x + 1
   

43a. square prism:   h _ 
1

  ; cylinder:   h _ 
1

  

b. square prism:   2s + 4h _ 
sh

  ; 

cylinder:   2r + 2h _ 
rh

   c. The ratio 

would be reduced by a factor of   1 _ 
2

  .

45. Student A 47. D 49. A

51.   
2( x  2  + 5x + 25)

  __  
 x  2  - 5x + 25

  

53.   
2(x + 1)(x + 2)

  __ 
 x  2  + 1

  

55. 3 x  3  + 8 x  2  - 36x - 5
57. y ≈ 56,800(1.39 ) x ; about 
800,000 births 59. y = -4x

8-3

Check It Out! 

1a.   9x + 4 _ 
 x  2  - 3

  ; x ≠ ±  √ � 3  

b.    x  2  + 3x - 3 __ 
3x - 1  ; x ≠   1 _ 

3
   2a. 12 x  5  y  7 

b. (x + 2)(x - 2)(x + 3)
3a.   15x - 4 _ 

6(x - 1)
  ; x ≠ 1 b.   x + 2 _ 

x + 3
  ; 

x ≠ -3 4a.   15 x  2  - 20x - 6  __  
(2x + 5)(5x - 2)

  ; 

x ≠ -  5 _ 
2

   and x ≠   2 _ 
5

   b.   x + 4 _ 
x - 8  ; 

x ≠ ±8 5a.   1 _ x   b. 10 c.   
3(x - 2)

 _ 
2x(x + 4)

   
6. 42.4 mi/h

Exercises 3.   -2x - 7 _ 
4x + 5

  ; x ≠ -  5 _ 
4

  

5. 16 x  4  y  3  7.   
2(4 x  2  + x - 8)

  __  
(x + 6)(2x - 1)

  ; 

x ≠ -6 and x ≠   1 _ 
2

  

9.   2 x  2  - 4x - 1  __  
(x + 3)(x - 3)

  ; x ≠ ±3 

11.   -1 _ 
x - 4  ; x ≠ ±4

13.   
(2x - 3)(x + 2)

  __ 
4x - 3   15.   

3(x + 2)
 _ 

2 x  2 
  

17.   
2(2x - 3)

 _ 
4x - 7  ; x ≠   7 _ 

4
  

19.    x  2  - 2x + 2 __ 
2x + 7

  ; x ≠ -  7 _ 
2

  

21. (4x - 5)(4x + 5)(x + 1)

23.   
7(2x - 3)

 _ 
3(x - 2)

  ; x ≠ 2

25.   
-(2x + 3)(x - 2)

  __  
(x - 3)(x + 3)

  ; x ≠ ±3

27.   1 _ 
x - 2  ; x ≠ 2 and x ≠ 4

29.   
(3x - 2)(x + 3)

  __  
(5x + 1)(x + 2)

   31. 0.6 °C/min

33.    x  2  + 6x - 6  __  
(x + 4)(x - 3)

  ; x ≠ -4 and x ≠ 3

35.   5x - 9  __  
(x - 5)(x + 4)(x + 3)

  ; x ≠ -4,

 x ≠ -3, and x ≠ 5

37.   2 x  2  - 13x + 9  __  
(x - 1)(x - 2)

  ; x ≠ 1 and x ≠ 2

39.   
2(4 x  3  - 6 x  2  - 3x - 4)

  __  
(3x + 4)(2x - 3)

  ; 

x ≠ -   4 _ 
3

    and x ≠   3 _ 
2

  

41.   -9 x  2  - 52x + 7  __  
(x + 7)(x + 6)(x + 1)

  ; x ≠ -7,

 x ≠ -6, and x ≠ -1 43.   24 _ 
(x + 2 ) 2 

   

45.   
7(x - 3)

 _ 
6x(x - 1)

   49. D 51. A

53.   -5 x  2  - 15x + 6  __  
(x + 2)(x - 2)

  

55.   -4 __  
(x + 2 ) 2  (x - 2)

   

57. 6 x  2  + 4x + 20 59.   8 _ 
5

  

61. The asymptote is x = -4. 
The transformation is a translation 
4 units left.

8-4

Check It Out! 
1a. g is f translated 4 units left.

b. g is f translated 1 unit up.

2. asymptotes: x = 3, y = -5; 
D: {x | x ≠ 3}; R: { y | y ≠ -5}
3. zeros: -6, -1; asymptote: x = -3

4a. zeros: -5, 3; asymptote: x = 1

b. zero: 2; asymptotes:
x = -1, x = 0, y = 0

c. zeros: -  1 _ 
3

  , 0; asymptotes: 

x = -3, x = 3, y = 3

5. hole at x = 2
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Exercises 1. discontinuous 
3. g is f translated 5 units left. 
5. asymptotes: x = 0, y = -1; 
D: {x | x ≠ 0}; R: { y | y ≠ -1} 
7. asymptotes: x = 2, y = -8; 
D: {x | x ≠ 2}; R: {y | y ≠ -8}
9. zeros: 0, 5; vertical asymptote:  
x = 2 11. zeros: -2, -1; 
asymptote: x = 3
13. zero: -  2 _ 

5
  ; asymptotes:

x = -1, y = 5 15. hole at x = 2 
17. g is f translated 5 units down.
19. g is f vertically stretched by a 
factor of 2. 21. asymptotes: x = 0, 
y = 5; D: {x | x ≠ 0}; R: {y | y ≠ 5}
23. zeros: -2, 5; vertical 
asymptote: x = 2 25. zeros: -2, 2; 
vertical asymptote: x = -3
27. zero: 3; asymptotes: x = -2, 
x = 2, y = 0 29. hole at x = 0 

31. hole at x = 7 33. zero: -1; 
asymptotes: x = 0, y = 1; 

hole at x = 3 35. zero:   5 _ 
6

  ; 

asymptotes: x =   2 _ 
3

  , y = -2

37. zero: 0; asymptotes: x = 3,
x = -3, y = 0 43b. ≈ 17 g 

47b. t = 12; the number of seconds 
the driver spent at the pit stop 
c. 57 s 51. F 53. holes at x = 1, 

x = 2, x = 3 59. x =   10 _ 
3

   61. x =   1 _ 
3

  

63.   8x - 13 _ 
2x + 1

  ; x ≠ -  1 _ 
2

  

8-5

Check It Out! 1a. x = 3 b. x = -2
c. x = -3, x = 2 2a. no solution 
b. x = -6 3. 1.5 mi/h
4. about 24 min 5a. 3 < x ≤ 4
b. x = -5 

6a. x ≤   1 _ 
2

    or x > 2 

b. x < -3 or x > -  3 _ 
2

  

Exercises 3. w =   1 _ 
11

   

5. x = -1, x = 6 7. k = 1 
9. x = 0, x = 7 11. 2.4 mi/h
13. -5 < x < 0 15. x < 0 or x > 1
17. x < 4 or x ≥ 8 19. x = 1
21. a =    22 _ 

3
   23. z = 2, z = 7

25. x = -8 27. x = -2 29. about 6 h
31. x = -3
33. x < 0 or x >   1 _ 

6
   

35. -10 < x < -7 37a. 2003 
b. 18 hits c. 170 hits 39. z = 0
41. x = -5 43. a = 2 45. -1 < x < 1

47. x = ±0.45 49. x = 0, x = 2

51a. 2001 winner:   500 _ s  ; 

2002 winner:   500 _ 
s + 25

   b. 141 mi/h

55. G 57b. about 13 h 59. all real 
numbers except -3, 0, and 3
61. x < -21 or 3 < x < 4 

63. 4 (x + 4)  -   1 _ 
2

   (4x)  = 2x + 16 

65.   5  √ � 7  
 _ 

28
   67. y =   3 _ x  

8-6

Check It Out! 1a. no real roots 

b. ±1 c. 5 2a. 2x b.     
4 √ � 27  

 _ 
3

   x  2  c.  x  3 

3a. 4 b. 32 c. 125 

4a. 8 1  
  3 __ 4  
  b. 1000 c.  5  

  1 __ 
2
  
  5a. 6 b. -  1 _ 

2
   

c. 25 6. 32 cm from the bridge

Exercises 1. 3 3. ±5 5. 2x

7.   5 x  2    3
 √ � 36  
 _ 

6
   9.  x  3   3

 √ � x   11. -2x  √ � 10  

13. 216 15. -3 17.  9  
  10 __ 5  

  =  9  2  = 81
19.  5  

  1 __ 
2
  
  21. 169 23. 2 25.   1 _ 

5
   27. -  1 _ 

5
  

29. 44 in. 31. 2 33. 3x

35.    x  2    3 √ � 4  
 _ 

10
   37. 2 x  3   3 √ � 7  

39.  x  2   
5
 √ �  x  3    41. 8 43. 10,000

45.  14  
  3 __ 
3
  
  =  14  1  = 14 47.  144  

  1 __ 
2
  
  = 12

49. 64 51.   2 _ 
3

   53.   9 _ 
7

   55.  5  
  1 __ 
9
  
 , or   9 √ � 5  

57. $1189 59a. about 18% 

b. about 12.6 g 61a.   
2π  √ � Lg   

 _ g  

b. 1.2 s 63. (5x )    
7 __ 
2
    65.  11  

  3 __ 
2
  
   x  12  

67. 5  
4
 √ ��� 125 x  3    69. b  

3
 √ ��  a  2 b  

71. b  
4
 √ ��� 4 a  3  b  2    73. always

75. never 77. 2 and 3; about 2.62
79. -5 and -4; about -4.31
81. A is incorrect. 85. A 87. A 

89. 2 0  
  1 __ 
8
  
  91. a < -1 or 0 < a < 1

93. A + D =  
⎡
 
 
 ⎢   

⎣
   7   
9

   
7

   
5

   
-2

    
5

  
 ⎤
 

 
 �   

⎦
  

95. B + C =  
⎡
 
 
 ⎢   

⎣
  6   
0

    
6
    

-6
  
⎤
 
 
 �   

⎦
   

97. h(x) = - x  2  + 3 99. zero: -3; 
asymptotes: x = -5, x = -1, y = 0

8-7

Check It Out! 1a. D: {x | x ∈ &}; 
R: { y | y ∈ &}

b. D: {x | x ≥ -1}; R: { y | y ≥ 0}

2a. g is f translated 1 unit up.

b. g is f vertically compressed by a 
factor of   1 _ 

2
  .

3a. g is f reflected across the y-axis 
and translated 3 units up.

b. g is f vertically stretched by a 
factor of 3, reflected across the 
x-axis, and translated 1 unit down.

4. g(x) = -2   
 √ � x   + 1

5. h(x) =   √ ���   256 _ 
25

  x   ; about 23 ft/s

6a.
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b.

Exercises 3. D: {x | x ≥ 0}; 
R: { y | y ≥ -1} 5. D: {x | x ∈ &}; 
R: { y | y ∈ &} 7. D: {x | x ∈ &};
R: { y | y ∈ &} 9. h is f vertically 
stretched by a factor of 3. 11. g is f 
compressed vertically by a factor 
of   1 _ 

2
   and translated 1 unit down.

13. j is f reflected across the y-axis 
and then translated 3 units right.
15. h is f reflected across the y-axis, 
horizontally compressed by a factor 
of   1 _ 

2
  , and then translated 2 units left.

17. g(x) = 4  √ ��� (x + 5)   - 2

19. g(x) =   6 _ 
5

    
 
 √ ��   5 _ 

9
  x  ; about 2.2 mi

21. 

23. 

25. D: {x | x ≥ 0}; R: { y | y ≤ 0}
27. D: {x | x ∈ &}; R: { y | y ∈ &}
29. D: {x | x ∈ &}; R: { y | y ∈ &}
31. h is f translated 4 units right.
33. g is f horizontally compressed 
by a factor of   1 _ 

3
   and then translated 

5 units left. 35. j is f translated 
4 units left and 1 unit down. 
37. h is f reflected across the y-axis, 
vertically stretched by a factor of 3, 
and then translated 2 units up.

39. g(x) =   1 _ 
3

    √ ��� x + 3   

41. g(x) = -   
 √ ��� x + 1   - 4

43. 

45. 

47a. ≈ 762 beats/min 
b. ≈ 58 beats/min 49. a vertical 
stretch by a factor of 3 followed 
by a translation 1 unit right and 
9 units down 51. D 53. A 
55a. about 373 km b. It will appear 
to decrease by about 76 km. 
57. yes 59c. by a factor of 4 
61. sometimes 63. never 65. yes
67b. about 346 m/s c. -273.15°C
69. 1.4 s 73. D 75. A 

79. f(x) = -2  √ ����   1 _ 
5

  (x + 3)   + 4

81. x ≤ 8 83. x = 6, y = 2

85. x = -  40 _ 
7

  , y = -  68 _ 
7

   87. x = 4

8-8

Check It Out! 1a. x = 2 b. x = 4
c. x = 39 2a. x = 6 b. x = 2 
3a. x = 1 b. x = -4, x = 3 
4a. x = 22 b. x = 5 c. x = 3
5a. 3 ≤ x ≤ 12 b. x ≥ -1 6. If the 
car were traveling 30 mi/h, its skid 
marks would have measured about 
43 ft. Because the actual skid marks 
measure less than 43 ft, the car was 
not speeding.

Exercises 1. No; the expression 
under the radical does not contain 
a variable. 3. x = 12 5. x = 5 
7. x = 3 9. x = 10 11. x = 8 
13. x = 4, x = 5 15. x = -1 
17. x = 14 19. x = 5 21. x = -  3 _ 

4
   

23. -5 ≤ x ≤ 20 25.   -5 _ 
2

   ≤ x < 10 

27. x = 93 29. x = 18 31. x = 38 
33. x = 6 35. x =   7 _ 

3
   37. x = 4 

39. x = 25 41. x = 7 43. 3 ≤ x ≤ 19 
45. about 1.5 tons 47. A = π r  2  

49. E =   1 _ 
2

  m v  2  51a. 5 m 

b. 25.6 m/ s  2  53a. r ≤   √ �   A _ 
π

     

b. no 55. x ≈ 5.84 
57. x ≈ 2.35 59. 995 g 63. H 65. F 
67. always true 69. always true 
71. x = 9 73. x = 10 
75a. D(n) = 2.00n + 5.00 
c. vertical translation 5 units down

77.  f  -1 (x) = -   1 _ 
3

  x -   1 _ 
3

   79. 4 x  3 

81.     
3 √ �� 18x  

 _ x  

Study Guide: Review

1. rational function 2. direct 
variation; constant of variation 
3. y =   1 _ 

3
  x 4. y = 4x 5. 306 tiles 

6. $2000 7. y =   6 _ x   8. y =   4 _ x   

9. 24 ohms 10. inverse variation 

11.   8 _ 
3 x  2 

  ; x ≠ 0 12.   2 x  3  _ 
x + 4

  ; x ≠ -4

13.   x-3 _ 
x + 1

  ; x ≠ -4, x ≠ -1 

14.   3 _ 
x - 5   15.   -x __  

(x - 4)(x + 3)
  

16.   x - 1 _ 
x + 1

   17.   3x - 1 _ 
x - 3   18.   2x _ y  

19.   
2(x + 5)

 _ 
x + 3

   20. 1 

21.   x + 3 _ 
3(x + 4)

   22.    x  2  + 12 _ 
 x  2  + 4

  

23.   2x __  
(x + 3)(x - 3)

  ; x ≠ ±3

24.   
2(x + 1)

 __  
(x + 2)(x - 2)

  ; x ≠ ±2

25.   8 x  2  + 4x + 45  __  
(3x + 7)(4x - 1)

  ; x ≠ -  7 _ 
3

  , 

x ≠   1 _ 
4

   26. (x - 3 ) 2 (x + 3) 

27. (x - 5)(x + 2)(x + 7) 

28.   2x - 3 _ 
x + 4

  ; x ≠ -4

29.    x  2  - 10x - 25  __  
(x + 5)(x - 5)

  ; x ≠ ±5

30.   
-( x  2  - 3x - 1)

  __  
(x - 3)(x + 2)

  ; x ≠ -2, x ≠ 3

31.   6 x  2  - 16x - 7  __  
(2x + 1)(3x - 1)

  ; x ≠ -  1 _ 
2

  , 

x ≠   1 _ 
3

   32.   
8(x-6)

 _ 
5(x + 2)

   33.   2x - 3 _ 
x(x - 3)

   

34.   
 (x - 2)  2  

 _ 
4x

   35. ≈ 548 mi/h

36. g is f translated 4 units right.
37. g is f translated 2 units right 
and 3 units up. 38. asymptotes: 
x = 1, y = -3; D: {x | x ≠ 1}; 
R: {y | y ≠ -3} 39. asymptotes: 
x = -2, y = 1; D: {x | x ≠ -2}; 
R: {y | y ≠ 1} 40. zeros: 0, 3; 
asymptote: x = -4 41. zero: 3; 
asymptotes: x = -5, x = -1, y = 0
42. zero: 2; asymptotes: x = -3, 
y = 2 43. zeros: -3, 3; 
asymptote: x = 2 44. hole at 
x = -3 45. x = -2 or x = 3 
46. no solution 47. x = 2 

48. x = 0 49. x < -  4 _ 
3

   or x > 0 

50. x < 3 or x >   7 _ 
2

   51. 3 x  2  52. 3 x  3 

53. 2x  
  3 √ � 9  

 _ 
3

   54. (-27 )    
2 _ 
3

  
  55.  16  

  3 _ 
4
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56.  9  
  3 _ 
2

  
  57. 17 58. 81 59.   1 _ 

2
  

60. D: {x | x ≥ 0}; R: {y | y ≥ 5} 

61. D: &; R: & 62. g is f reflected 
across the x-axis and translated 
1 unit up. 63. h is f compressed 
horizontally by a factor of   1 _ 

4
  . 

64. j is f reflected across the y-axis 
and translated 8 units right. 
65. k is f reflected across the x-axis, 
compressed vertically by a factor 
of   1 _ 

2
  , and translated 1 unit up. 

66. g(x) = 3  √ ��� x + 4  

67. 

68. 

69. x = 19 70. x = 109 71. x = 9
72. x = 2 73. x = 2 or x = 8 
74. x = 8 75. x = 0.5 76. x = 85 
77. x = 7 78. x = -219 
79. 4 ≤ x ≤ 13 80. x > 9 
81. 0 ≤ x < 12 82. x > -7 
83. ≈ 1.6 m 84. 60.3  m  3 

Chapter 9

9-1

Check It Out! 
1. 

b. 

2. 

h(x) = -0.002 x  2  + 0.86x + 6.55 

3. 

f(x) ≈ 22,727.15(1.1 )  x ; 8 weeks

Exercises 1. graph D 3. graph B
5. Enrollment Costs

Credit Hours Cost ($)

1  397.75

2  616.15

3  834.55

4  1053.00

5  1271.40

C = 179.35 + 218.4x

7. graph C 9. graph D 11. T(t) = 
-0.02375 t  2  + 0.525t + 101.1
13a. W(t ) = 3t + 4; The whale 
weighs 4 tons at birth and gains 
3 tons per month. 15. $14 

17. 

19a. C(t) = -3 t  2  + 21t + 24 
b. ≈ 61 c. 8 h after opening 
21b. h(t) ≈ 0.0071 t  3  - 0.1714 t  2  + 
2.1t + 2.071 c. during year 14 
25. C 29. C(p) = 1.065(0.8p - 10)

31. (-3, -4) 33. 40 × 20 ft
35. D: {x | x ≥ 1}; R: {y | y ≥ 0}

9-2

Check It Out! 
1. TIme Range (h) Green Fee ($)

[8 A.M. – noon) 28

[noon – 4 P.M.) 24

[4 P.M. – 9 P.M.) 12

The green fee is $28 from 8 A.M. up 
to noon, $24 from noon up to 4 P.M., 
and $12 from 4 P.M. up to 9 P.M. 
2a. 15; 15 b. 4; 13 
3a. 

b. 

4. 

f (h) =  
⎧
 
 
 ⎨   

⎩
  8h

          
12(h-40) + 320

    
    if 0 ≤ h ≤ 40

        
if h > 40

  

Exercises  1. Step functions are 
a subset of piecewise functions. 
A step function is a piecewise 
function that is constant over each 
interval in its domain. 3. The price 
per yard is $10 for less than 5 y d  3 , 
$7 for 5 y d  3  up to 25 y d  3 , and 
$4 for 25 y d  3  or more.

Topsoil Prices

Price per 
Cubic Yard ($) Volume (y d  3 )

10 0 ≤ x < 5

 7 5 ≤ x < 25

 4 x ≥ 25
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5. -39; -5

7. 

9. Buffet Prices

Price ($) Age (yr)
0 0 < x < 3

2 3 ≤ x < 8

5 8 ≤ x < 18

8 18 ≤ x

The buffet is free for children under 
3, $2 for children from 3 up to 8, $5 
for children from 8 up to 18, and $8 
for adults. 11. 1; 5; 5

13. 

15. f(x) =  
 
⎧
 

 
 �       
 
 ⎨   

    
 
 �   

⎩
 
  
  30 if 0 < x ≤ 15

  
        

   50 if 15 < x ≤ 50            

75 if x > 50

  

17. f(x) =  
 
⎧
 
 
 �       
 
 ⎨   

  
 
 
 
 �   

⎩
 
  
   6 _ 
5

   x - 3 if x < 5
           

  2 _ 
5

   x + 2 if x ≥ 5
  

19. f(x) =  
⎧
 

 
 ⎨   

⎩
   6      if x ≤ 4

              
6 + 3(x - 4)   if x > +4

  

21. f(x) =  
⎧
 
 
 ⎨   

⎩
  +x if x ≥ 0

         
-x if x < 0

 

23. h(x) =  
⎧
 

 
 ⎨   

⎩
   2x - 4    if x ≥ 0

           
-2x - 4 if x < 0

  

27a. d(t) = 
⎧
  ⎨  

⎩
   18t          if 0 ≤ t ≤ 10

                   
16.5(t-10) + 180 if 10 < t ≤ 20

 

b. First half; the slope is steeper. 
29. D: &; R: { y | y ≥ -4} 33. C 35. B
37. f(x) = 4 + 1.5(IxJ-1); $11.50
39. vertical: x = 1; horizontal: 
y = –3; D: {x | x ≠ 1}; R: {y | y ≠ -3}
41. vertical: x = 3; horizontal: y = 1; 
D: {x | x ≠ 3}; R:{y | y ≠ 1} 43. A 
45. B

9-3

Check It Out! 

1. g(x) =  
 
⎧
 
 
 �      
 
 
 ⎨   

  
 
 
 
 �   

⎩
 
  

  (  x _ 
2

  )  
2
      if x ≤ 0

          
  x _ 
2

   - 3 if x > 0
  

2a. f(x): x-int. = -6, y-int. = 4; 
g(x): x-int. = -6, y-int. = -4

b. f(x): x-int. = ±3, y-int. = -9; 
g(x): x-int. = ±3, y-int. = -3

3.

4. f(x) =  
⎧
 
 
 ⎨   

⎩
   6.50  if     x < 12

          
9.50   if x ≥ 12

  

Exercises 

1. g(x) =  
⎧
 
 
 ⎨   

⎩
   x + 3        if x  ≤ -6

            
4(x + 6) if x > -6

  

3. f(x): x-int. = -3, y-int. = 12; 
g(x): x-int. = -3, y-int. = 2

5. 

7. T(x) =

 
⎧
 
 
 ⎨   

⎩
  
 0.024x + 100 if 0 < x ≤ 10,000

                   
0.060x + 100 if x > 10,000

  

9. h(x) =  
 ⎧ 
 
 �   

 
  
 
 
 ⎨   

    
 
 �   ⎩ 
 
 

  (  x _ 
2

  )  
2
   if x < 2

       
2x if x ≥ 2

  

11. f(x): x-int. = 6, y-int. = 9; 
g(x): x-int. = 6, y-int. = 6

13. f(x): x-int. = 5, y-int. = 2; 
g(x): x-int. = 2.5, y-int. = 2

15. f(x): x-int. = 0, y-int. = 0; 
g(x): x-int. = 1, y-int. =  -4

17. 

19a. f(n) =  
⎧
 

 
 ⎨   

⎩
  16.2n    if n ≤ 50

            
360 + 9n if n > 50

  

b. f(n) =  
⎧
 
 
 ⎨   

⎩
  14.2n    if n ≤ 50

            
360 + 7n if n > 50

  

21a. n x-intercepts

23a. T(n) =  
⎧
 

 
 ⎨   

⎩
   2.8n     if n ≤ 8

            
3.6n - 6.4 if n > 8

  

25. f(x) – 7 =  
⎧
 
 
 ⎨   

⎩
    2  x - 8    if x ≤ -3

            
-5x - 4 if x > -3

  

27b. C(x) =  
 
⎧
 
 
 �       
 
 ⎨   

    
 
 �   

⎩
 
   
1.29x

 
     

 0.85(1.29x)       
0.7(1.29x)

    
  if 0 < x < 4

 
     

  if 4 ≤ x < 7       

if x ≥ 7

  

c. horizontal stretch by a factor of 2
29. x-int: 2; y-int: 3 33. J 35a. 28
b. 56 37. about 418 39. -6; D: &; 
R: {y|y ≤ -6} 41. 13; 4; 9

9-4

Check It Out! 1a. (  f + g)(x) =  x  2 
b. (  f - g)(x) = - x  2  + 10x - 12
2a. (  fg)(x) =  x  3  + 2 x  2  - 4x - 8

b.  (  
g

 _ 
f
  ) (x) = x - 2, x ≠ -2 3a. 15

b. 9 4a. f  (g(x))  = 3  √ � x   + 2, x ≥ 0

b. g (f(x))  =   √ ��� 3x - 4   + 2, x ≥   4 _ 
3

  

5a. f(c) = 0.68c b. $168.64

Exercises 3. - x  2  + 13x + 13

5. 2 x  3  + 4 x  2  + 2x 7.   1 _ 
2x

  , x ≠ 0 or -1

9. -68 11. 4 x  2  -12x + 9; &
13. x + 1; x ≥ -1 15. 3 x  2  + 5x - 2
17. 2 x  2  + 2x - 4
19. 2 x  4  + 10 x  3  + 4 x  2  - 40x - 48
21.   1 _ 

x - 2  , x ≠ -2 or 2

23.   x + 3 _ 
2

  , x ≠ -2 25. -11 27. -17

29. -59 31.   4x + 3 _ 
4x + 6

  ; x ≠ -  3 _ 
2

  

33a. C(x) = 4 (  x _ 
9

  )  + 100 b. 630 f t  2 

35a. f(p) = p - 10 b. g(p) = 0.85p
c. f (g(p))  = 0.85p - 10; 

g (f(p))  = 0.85p - 8.5 d. 15% 
e. $31.65 37a. D(t) = 704 · 1.0 5  t 
b. about 3043 c. about 2020 39. 4
41. 2 43. no 45. B 47. B

49. g(x) =   3 _ 
2

   x  2  + 5 51a. 12 ft b. 8 ft

53. f(x) = 1.25( 2  t )

55. g(x) =  
⎧
 

 
 ⎨   

⎩
  
8(x + 5)

      
x - 4

    
x ≥ -5

     
x < -5
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9-5

Check It Out! 1. function
2.  f  -1 (x) =   3 √ ��� x + 2  ; function; D: 
&; R: & 3a. yes b. no

Exercises 1. function 3. function
5. y = ±  √ ���  x + 9  ; not a function; 
D: {x | x ≥ -9}; R: & 7. no 9. not a 
function 11. function

13.  f  -1 (x) =   
  3 √ � x  

 _ 
2

  ; function; 

D: &; R: & 15.  f  -1 (x) =   6 _ 
5

  x -   9 _ 
5

  ; 
function; D: &; R: &
17.  f  -1 (x) = (x - 5 ) 2  - 8; function; 
D: {x | x ≥ 5}; R: {y | y ≥ -8} 19. no

21. yes 23a. d(t) =   t - 20 _ 
2.5

   

b. within 4 mi 25. y =   5 _ x   - 4; 
D: {x | x ≠ 0}; R: {y | y ≠ -4}
27. y =  x  3  + 12; D: &; R: &
29. y = lo g  7   x; D: {x | x > 0}; R: &
31. y = ln (  x _ 

3
  )  - 5; D: {x | x > 0}; R: &

33. g and h 35. f and h

37a. a(h) =   (  h - 19 _ 
3

  )  
2

 

b. about 20.25 mo

39a. t(d) =      
√ ����  d  2  - 1600  

  __ 
3

   

b. ≈ 1833.28 s (about 31 min)
41a. h(s) =   s - 18π

 
_ 

6π

   b. 23.53 cm

43a. s =   √ � A   c. ≈ 894 ft 47. J 

49. G 53. y =  e  
  3x-3 ____ 
x+1

  
  

55.  f  -1  ( g  -1  (x))  ≠   (  f  (g(x)) )  
-1

 

57. 2π  x  2  + 2π x 59.  x  3  + 27
61.  x  2  + 8x-6 63.  x  2  - 10x + 4

9-6

Check It Out! 1a. square root

b. exponential 

2. f(x) =   1 _ 
2

   x  2  +   5 _ 
2

  x + 8

3. f(x) ≈ -0.2 x  2  + 23.99x + 5.28

Exercises 1. linear 3. exponential
5a. V(t) ≈ 0.08 t  2  - 2.04t + 60.86
b. about $51.68 7. quadratic
9. f(x) ≈ -0.009 x  2  + 2.28x - 55.31
11a. y ≈ 34.37x + 85,851.76
b. about 2594 f t  2  
15a. V(t) ≈ 6126.9(1.016 ) t 
b. about 34,611 f t  3 
17a. f(x) ≈ 75.95(1.05 5  x )
b. about 5.5%/yr c. The model 
predicts $160.65, which is about 
$5 more than the actual FCI.
d. about 2008 21. B 23. D

25. f(x) ≈  x  0.5 ; f(x) =   √ � x   
29. a. -2, 4, and 10 31. yes

Study Guide: Review
1. one-to-one function 
2. step function
3. composition of functions

4. 

5.
Guests 10 20 30 40 50

Appetizers 160 200 240 280 320

y = 4x + 120

6a.
Radius (in.) 1.5 2 2.5 3 4

Time (s) 3 5 7.5 10.5 18

y =  x  2  +   1 _ 
2

  x b. 52.5 s 7. 51; 7

8. 

9. 

2

4

-4

-6

x

y

0 2 4 6 8

10. f(x) =  
 
⎧
 
 
 �      
 

 
 ⎨   

  
 
 
 
 �   

⎩
 
  
   5 _ 
2

  x - 4      if x < 4
            

-   3 _ 
2

  x + 8 if x ≥ 4
  

11. f(x) =

  
⎧
 
 
 ⎨   

⎩
   6            0 < x ≤ 8

                 
6 + 1.5(x - 8) 8 < x ≤ 48

 

12. h(x) =  
⎧
 
 
 ⎨   

⎩
     2x     if x ≤ 3

            
-4x + 18 if x > 3

  

13. g(x) =  
⎧
 
 
 ⎨   

⎩
     
 3(x - 7) + 2 if x ≤ 7

             
(x - 7 ) 2    if x > 7

  

14. 

15.  x  2  - 4x - 21 16.  x  2  - 6x - 7
17. - x  2  + 6x + 7 
18.  x  3  - 1 2x  2  + 21x + 98 

19. x + 2, x ≠ 7 20.   1 _ 
x + 2

   , x ≠ 7 

or -2 21. -10; -   8 _ 
3

   22. 2; undefined

23. g   (f(x))  =   8 _ 
x - 1  ; D: {x | x ≠ 1}

24. f  (g(x))  =   8 _ 
x + 1

   - 2;

D: {x | x ≠ -1} 
25. P(x) = 1.09(x + 30) 26. function

27.  f  -1 (x) =   -x + 5 _ 
8

  ; function; 
D: &; R: & 28. y = ±3   

 √ � x  -6; 
not a function; D: {x | x ≥ 0}; R: &
29.  f  -1 (x) =   5 _ 

2x
   - 4; function; 

D: {x | x ≠ 0}; R: {y | y ≠ -4}
30.  f  -1 (x) = (x-3 ) 2  + 5; function; 
D: {x | x ≥ 3}; R: {y | y ≥ 5} 31. no

32. yes 33. r =   √ ��   A _ 
4π

    ; r is the 

radius for a sphere with a given 
surface area. 
34a. f(x) = 23.96(1.02 ) x 
b. ≈ 129.0 million gal c. ≈ 37°F

Chapter 10

10-1

Check It Out! 
1a. 

circle; center: (0, 0); intercepts: 
(0, ±7), (±7, 0)
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b. 

ellipse; center: (0, 0); intercepts: 
(±5, 0), (0, ±3) 

2a. 

parabola; vertex: (0, 0); opens right 

b. 

hyperbola; vertices: (±4, 0); 
opens horizontally 3. Center: 
(8, 14); r = 10 

Exercises 1. circles, ellipses, 
hyperbolas, and parabolas 
3. ellipse; center: (0, 0); intercepts: 
(0, ±3), (±4, 0) 5. parabola; vertex: 
(0, 0); opens right 7. hyperbola; 
vertices: (0, ±5); opens vertically 
9. hyperbola; vertices: (±  √ � 2   , 0); 
opens horizontally 11. center: 
(8, 18); r = 13 13. center: (-1, 15); 
r = 25 15. circle; center: (0, 0); 
intercepts: (0, ±3), (±3, 0) 
17. ellipse; center: (0, 0); intercepts: 
(0, ±5), (±2, 0) 19. ellipse; center:

(0, 0); intercepts:  (0, ±  15 _ 
2

  ) ,  (±  5 _ 
2

  , 0) 

21. circle; center: (0, 0); 

intercepts:  (0, ±  9 _ 
2

  ) ,  (±  9 _ 
2

  , 0)  

23. parabola; vertex: (0, 0); opens 
upward 25. parabola; vertex: (0, 0); 
opens left 27. hyperbola; 
vertices: (0, ±6); opens vertically
29. parabola; vertex: (-3, 0); 
opens right 31. hyperbola; 
vertices: (±4, 0); opens horizontally

33. center:  (  7 _ 
2

  ,   11 _ 
2

  ) ; r =   √ � 10  

35a. C = 68π; A = 1156π 

b. (-37, 26) 37. D 39. A

41a. AB = 10; AD = 10; BC = 10; 
CD = 10 b. rhombus c. 80 square 
units 43. C 45a. 13 units 

b. 6.5 units c.   12 _ 
5

  ;   12 _ 
5

   

47. Sometimes true 51. J 53. J 
55. a = -32 or 40 57. a. (9, 2, -11)

b.  (  
 x  1  +  x  2  

 _ 
2

  ,   
 y  1  +  y  2  

 _ 
2

  ,   
 z  1  +  z  2  

 _ 
2

  ) 

c. d =   √ �� 101  
d. d = 
  √ ��������������   ( x  2  -  x  1  ) 2  + ( y  2  -  y  1  ) 2  + ( z  2  -   z  1 ) 2   

59. x = -6, 8 61. x = 4, 7
63. x = 1.5, 11 65. y-int.: 2.5; 
asymptote: y = 3; reflection across 
the x-axis, vertical compression by 
a factor of   1 _ 

2
  , shift 3 units up

67. y-int.: 5; asymptote: y = -1; 
vertical stretch by a factor of 6, 
shift 1 unit down

10-2

Check It Out! 
1. (x - 4 )  2  + (y - 2 )  2  = 49
2. (x + 3 ) 2  + (y - 5 ) 2  = 169

3. C, E 4. y =   4 _ 
3

  x -   35 _ 
3

  

Exercises
3. (x + 11 )  2  + (y - 3 )  2  = 81
5. (x - 3 )  2  +  y  2  = 36
7. (x + 2 )  2  + (y + 5 )  2  = 289

9. K, H, G 11. y = -   3 _ 
4

  x -   59 _ 
4

  

13. (x - 5 )  2  + (y-1 )  2  = 100
15. (x + 4 )  2  + (y - 2 )  2  = 64
17. (x + 6 )  2  + (y + 4 )  2  = 25
19. E 21. x = -15
23. {x | - 6 ≤ x ≤ 6}; {y | -6 ≤ y ≤ 6}
25. {x | - 5 ≤ x ≤ 1}; { y | - 3 ≤ y ≤ 3}
27. (x + 4 )  2  +  y  2  = 64
29a. (x + 5 )  2  + (y - 20 )  2  = 4489
b. 67 million mi c. 134π million mi
31. No 33. C 35. (x + 4 )  2  + 
(y - 8 ) 2  = 81 37a. (2, -5) 
b. (x - 2 )  2  + (y + 5 )  2  = 625
41. y =   1 _ 

2
  x + 2

43a. f(x) =  
 ⎧ 
 
 �   

 
  
 

 
 ⎨   

    
 
 �   ⎩ 
  
   1 _ 
2

  x + 15 0 ≤ x ≤ 20
             

x + 20    x > 20
  

c. 25 min 45. parabola; vertex: 
(0, 0); opens left

10-3

Check It Out! 1. 20

2a.    x  2  _ 
81

   +   
 y  2 

 _ 
25

   = 1 b.   
 y  2 

 _ 
25

   +    x  2  _ 
16

   = 1

3a. 

 b. 

4a. width: 32 ft; height: 18 ft 

b.    x  2  _ 
256

   +   
 y  2 

 _ 
324

   = 1

Exercises 1. The major axis of an 
ellipse is always longer than the 
minor axis of an ellipse. 3. 30

5.   
 y  2 

 _ 
625

    +    x  2  _ 
225

    = 1 7.    x  2  _ 
49

   +   
 y  2 

 _ 
36

   = 1

9. 

11. 

13. 42 15.    x  2  _ 
25

   +   
 y  2 

 _ 
4

   = 1

17.   
 y  2 

 _ 
25

   +    x  2  _ 
16

   = 1

19. 
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21. 

23.    x  2  _ 
279,312.25

   +   
 y  2 
 _ 

193,600
   = 1

25.   
(y - 7 ) 2 

 _ 
100

   +   
(x + 4 ) 2 

 _ 
51

   = 1

27.    x  2  _ 
49

   +   
 y  2 

 _ 
25

   = 1; D: {x | - 7 ≤ x ≤ 7}; 

R: {y | - 5 ≤ y ≤ 5}

29.   
(y - 4 ) 2 

 _ 
36

   +   
(x + 6 ) 2 

 _ 
9

   = 1; 

{x | - 9 ≤ x ≤ -3}, {y | - 2 ≤ y ≤ 10}

31a.   9 x  2  _ 
5041

   +   
16 y  2 

 _ 
729

   = 1

b. (±22.68, 0); ∼45.36 ft 33. center: 
(-9, -4); vertices: (0, -4), 
(-18, -4); co-vertices: (-9, -7), 
(-9, -1); foci: (-9 ± 6   

 √ � 2   , -4); 
D: {x | - 18 ≤ x ≤ 0}; 
R: { y | - 7 ≤ y ≤ -1} 35a. Instead 
of  r  2 , the formula for the area of an 
ellipse uses the values of a and b 
because an ellipse can be defined 
by a and b rather than a radius. 
b. 65π 37. The length of an 
ellipse’s major axis is equal to the 
distance P F  1  + P F  2 . 39. H 

41a.   21 _ 
29

   b.    x  2  _ 
169

   +   
 y  2 

 _ 
144

   = 1 

c. 0 < e < 1 43.    x  2  _ 
25

   +   
 y  2 

 _ 
16

   = 1 
45. 24 47. 56 
49.  x  2  + (y + 1 ) 2  = 100

10-4

Check It Out! 1. 12

2a.   
 y  2 

 _ 
81

   -    x  2  _ 
49

   = 1 b.    x  2  _ 
64

   -   
 y  2 

 _ 
36

   = 1

3a. vertices: (±4, 0); co-vertices: 
(0, ±6); asymptotes: y = ±  3 _ 

2
  x

  

b. vertices: (1, -4), (1, -6); 
co-vertices: (4, -5), (-2, -5); 

asymptotes: y = ±  1 _ 
3

  (x - 1) - 5 

  

Exercises 1. transverse axis

3. 30 5.    x  2  _ 
81

   -   
 y  2 

 _ 
49

   = 1

7.   
 y  2 

 _ 
100

   -    x  2  _ 
64

   = 1

9. vertices: (±5, 0); co-vertices: 
(0, ±8); asymptotes: y = ±  8 _ 

5
  x

11. vertices: (0, ±10); co-vertices: 
(±9, 0); asymptotes: y = ±  10 _ 

9
  x

13. vertices: (8, -6), (0, -6); 
co-vertices: (4, 1), (4, -13); 

asymptotes: y = ±  7 _ 
4

  (x-4) - 6
15. vertices: (0, -5), (0, -9); 
co-vertices: (±5, -7); 

asymptotes: y = ±  2 _ 
5

  x - 7 17. 42

19.    x  2  _ 
64

   -   
 y  2 

 _ 
225

   = 1

21.   
(x - 3 ) 2 

 _ 
49

   -   
(y - 3 ) 2 

 _ 
9

   = 1

23. vertices: (0, ±5); co-vertices: 
(±9, 0); asymptotes: y = ±  5 _ 

9
  x

25. vertices: (±2, 0); co-vertices: 

(0, ±11); asymptotes: y = ±  11 _ 
2

  x

27. vertices: (0, 3), (-10, 3); 
co-vertices: (-5, 7), (-5, -1); 
asymptotes: y = ±  4 _ 

5
  (x + 5) + 3

29. vertices: (9, 2), (3, 2); 
co-vertices: (6, 6), (6, -2); 

asymptotes: y = ±  4 _ 
3

  (x - 6) + 2

33b. Yes 35.  c  2  =  a  2  +  b  2 , so c 
always has the greatest value. There 
is not enough information given to 
determine whether a or b has the 
least value. 37a. (0, 214) 
b. 184 million mi c. y ≈ ±0.142x
39. G 41. J

43.   
(x - 7 ) 2 

 _ 
400

   -   
(y + 9 ) 2 

 _ 
144

   = 1

45.    x  2  _ 
16

   -   
 y  2 

 _ 
9

   = 1

47. 

49a. y = 30,000 + 3,000x b. 10 yr

51.   
 y  2 

 _ 
4

   +    x  2  _ 
2

   = 1

10-5

Check It Out! 1. y =   1 _ 
16

   x  2

 2. a. x = -  1 _ 
5

   y  2  b. y = -  1 _ 
28

   x  2 

3a. vertex: (1, 3); p = 3; axis of 
symmetry: y = 3; focus: (4, 3); 
directrix: x = -2 
 

b. vertex: (8, 4); p = -  1 _ 
2

  ; axis of 

symmetry: x = 8; focus: (8, 3.5); 
directrix: y = 4.5
 

4. 11 in.

Exercises 3. x =   1 _ 
28

    y  2 

5. y = -   1 _ 
16

    x  2  7. y =   1 _ 
2

    x  2 

9. x = -   1 _ 
32

    y  2  11. vertex: (0, 4); 

p = 6; axis of symmetry: y = 4; 
focus: (6, 4); directrix: x = -6
13. 9.5 in 15. x - 3 = -   1 _ 

20
    y  2 

17. y =   1 _ 
12

  (x + 3 ) 2  19. x =   1 _ 
4

    y  2 

21. y = -   1 _ 
24

    x  2  23. vertex: (1, 0); 

p =   1 _ 
8

  ; axis of symmetry: y = 0; 

focus:  (  9 _ 
8

  , 0) ; directrix: x =   7 _ 
8

  

27. y + 6 = -   1 _ 
12

  (x - 2 ) 2 ; 

D: {x | x ∈ &}; R: {y | y ≤ -6}
29. x + 7 =   1 _ 

36
  (y + 3 ) 2 ; 

D: {x | x ≥ -7}; R: {y | y ∈ &}
31. y - 5 = -  1 _ 

20
    x  2 ; D: {x | x ∈ &}; 

R: {y | y ≤ 5} 33. x - 8 = 
-   1 _ 

16
  (y + 5 ) 2 ; D: {x | x ≤ 8}; 

R: {y | y ∈ &} 35a. y =   1 _ 
20

    x  2  

b. y + 4 =   1 _ 
16

    x  2  c. 7.2 in 

37a. (-96, 41) b. 133 million km 
c. (-96, 174) 39. vertex: (-4, 5); 



S108 Selected Answers

p = -  1 _ 
8

  ; axis of symmetry: x = -4; 

focus:  (- 4, 4  7 _ 
8

  ) ; directrix: y = 5  1 _ 
8

  

41. vertex: (-3, 2); p = 2; 
axis of symmetry: y = 2;
focus: (-1, 2); directrix: x = -5
45. G 47. (7, 0) 49. y - 7 = 
-  1 _ 

8
  (x-6 ) 2  or y - 3 =   1 _ 

8
  (x - 6 ) 2  

51. 4p 53.  f  -1 (x) =   x - 22 _ 
4

  ; 

D: {x | x ∈ &}; R: {y | y ∈ &}; function
55.  f  -1 (x) = 3x + 2; D: {x | x ∈ &}; 
R: {y | y ∈ &}; function 57. vertices: 
(±9, 0); co-vertices: (0, ±5); 

asymptotes: y = ±  5 _ 
9

  x 59. vertices: 

(0, ±8); co-vertices: (±2, 0); 
asymptotes: y = ±4x

10-6

Check It Out! 1a. circle
b. hyperbola 2a. circle b. parabola

3a. x =   1 _ 
9

  (y + 8 ) 2 ; parabola

  

b.   
(x - 4 ) 2 

 _ 
9

   +   
(y + 6 ) 2 

 _ 
16

   = 1; ellipse

  

4. 200 ft 

Exercises 1. ellipse 3. parabola
5. ellipse 7. ellipse

9. (x - 8 ) 2  + (y + 5 ) 2  = 36; circle

11.    x 2  _ 
9

   +   
(y + 4 ) 2 

 _ 
25

   = 1; ellipse

13. 4 in 15. parabola 17. ellipse
19. parabola 21. ellipse
23.  x  2  + (y - 4 ) 2  = 49; circle

25.    x  2  _ 
4

   -   
(y + 9 ) 2 

 _ 
25

   = 1; hyperbola

27. (x + 5 ) 2  + (y + 2 ) 2  = 20; circle

29.   
(x + 1 )  2 

 _ 
4

   -   
(y - 7 ) 2 

 _ 
9

   = 1; 

hyperbola

31. (x - 2.5 ) 2  + (y + 4.5 ) 2  = 16; circle

33a. ellipse b. 40 m c. 100 m
35. 36 x  2  + 25 y  2  - 360x + 400y + 
1600 = 0 37. outside 39. inside 
41. 36.4 cm 43a. (x - 40 ) 2  + 
(y - 30 ) 2  = 40,000 b. 40,000π 
c. inside 45a. y - 84 = 
-  1 _ 

500
  (x-200 ) 2  b. 84 ft c. 4 ft 

47. A 49. D
53. It rotates the graph. 
55. no 57. no 59. (4, 1)
61a. f(x) = 1.65(1 + 0.05 ) t  b. $5.32

10-7

Check It Out! 1. (0, 4.5)
2a. (-4, 3), (3, -4) 
b. (0, 5), (±3, -4) 3. no solution
4. yes, at (±4, -3.6)

Exercises 3. (4, -2), (8, 2)
5. (12, 5), (5, 12) 7. no solution
9. (0, -6),  (±3  √ � 3  , 3) 
11. (±4, 2), (±4, -2) 
13. no solution

15. (0, 5), (-4, 3)
17. (2.5, -6.5), (-4.5, 7.5)
19. (0, 4),  (  8 _ 

3
  ,   20 _ 

3
  )  21. (5, 1), (7, 4) 

23. (±2, -2),  (±  √ � 7  , 1)  25. no 
solution 27. (0, -7), (1, -6)
29.  (2  √ � 2   , ±1) ,  (-2  √ � 2   , ±1) 
31. (0, 0), (1, 1) 33. (6, 1), (-26, -3)
35. (0, ±3) 37. (2, ±4)
39. no solution 41. (10, ±4), 
(-10, ±4) 43. 25 s 45. (2.8, -2.6), 
(3.3, 2.9), (-7.9, -1.3), (-8.1, 1.5)
47a. hyperbola b. yes; (6.69, 2.68), 
(1.31, 2.68) 49. (-2, 0) 53. G 
55. (4, ±3) 57. (3, 4), (4, 3)
61. about $100 63. cylinder 65. 4
67. -  2 _ 

5
   69. f(x) = 5x - 2

Study Guide: Review
1. transverse axis 2. tangent line 
3. focus; directrix 4. conic 
section 5. circle with center (0, 0) 
and radius r = 9 6. hyperbola with 
center (0, 0) and intercepts (5, 0) 
and (-5, 0) 7. parabola with 
vertex (0, -1), opening in the 
positive x-direction 8. ellipse 
with center (0, 0), and intercepts 
(±3.5, 0), and (0, ≈ ±1.98) 9. B
10. center: (3, -3); r = 12
11. center: (8, -2.5); r = 12.5 
12. center: (6, 0); r = 19 
13. center: (-12, 4); r =   √ � 15  

14. (x - 8 ) 2  + (y + 7 ) 2  = 196
15. (x - 3 ) 2  + (y - 6 ) 2  = 80
16. (x + 3 ) 2  + (y - 8 ) 2  = 34

17. y - 5 = -  3 _ 
5

  (x - 3) 

18. y = 4 19. y + 2 = -  4 _ 
5

  (x - 6)
20. y + 7 =   5 _ 

8
  (x - 1) 

21. center: (0, 0); vertices: (0, ±6); 

co-vertices: (±3, 0); foci:  (0, ±3  √ � 3  ) 

22. center: (0, 0); vertices: (±8, 0); 

co-vertices: (0, ±5); foci:  (±  √ � 39   , 0) 

23. center: (3, -2); vertices: (3, 6), 
(3, -10); co-vertices: (10, -2), 

(-4, -2); foci:  (3, -2 ±   √ � 15  ) 

24.   
(x - 4 ) 2 

 _ 
36

   +   
(y + 5 ) 2 

 _ 
9

   = 1

25.    x  2  _ 
144

   +   
 y  2 

 _ 
225

   = 1

26.   
(x + 2 ) 2 

 _ 
36

   +   
(y - 3 ) 2 

 _ 
27

   = 1

27. center: (0, 0); vertices: (±5, 0); 

co-vertices: (0, ±7); foci:  (±  √ � 74   , 0) ;

asymptotes: y = ±  7 _ 
5

  x 

28. center: (0, 0); vertices: (0, ±6); 
co-vertices: (±8, 0); foci: (0, ±10); 

asymptotes: y = ±  3 _ 
4

  x 29. center:

(3, -6); vertices: (5, -6), (1, -6); 
co-vertices: (3, 1), (3, -13); 

foci:  (3 ±   √ � 53  , -6) ; asymptotes: 

y + 6 = ±  7 _ 
2

  (x - 3) 30.    x  2  _ 
25

   -   
 y  2 

 _ 
36

   = 1

31.    x  2  _ 
121

   -   
 y  2 

 _ 
16

   = 1 32.   
 y  2 

 _ 
25

   -    x  2  _ 
36

   = 1

33.   
(y - 5 ) 2 

 _ 
25

   -   
(x + 7 ) 2 

 _ 
144

   = 1 

34. vertex: (0, 0); p = -3; axis of 
symmetry: x = 0; focus: (0, -3); 
directrix: y = 3 35. vertex: (0, 0); 

p =   1 _ 
8

  ; axis of symmetry: y = 0;

focus:  (  1 _ 
8

  , 0) ; directrix: x = -  1 _ 
8

  

36. vertex: (-4, 5); p =   1 _ 
4

  ; axis of

symmetry: x = -4; focus:  (-4, 5  1 _ 
4

  ) ;

directrix: y = 4  3 _ 
4

   37. vertex: (4, -2);

p = -1.5; axis of symmetry: y = -2; 
focus: (2.5, -2); directrix: x = 5.5

38. y = -  1 _ 
20

  (x - 3 ) 2  

39. x - 4 = -  1 _ 
10

  (y - 6 ) 2 

40. x - 9 =   1 _ 
12

  (y + 4 ) 2  41. ellipse

42. hyperbola 43. parabola 
44. circle 45. ellipse

46. x + 3 =   1 _ 
4

  (y + 6 ) 2 ; parabola
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47.   
(x + 4 ) 2 

 _ 
6

   +   
 y  2 

 _ 
2

   = 1; ellipse

48. (x + 5 ) 2  + (y - 4 ) 2  = 36; circle

49.   
(x + 1 ) 2 

 _ 
8

   -   
(y + 3 ) 2 

 _ 
4

   = 1;

hyperbola 50. (2, -6), (-2, 2)
51. (4, 0), (0, -5) 
52. (8, ±6), (-8, ±6) 
53. (3, 2), (5, 6) 54. (0, 2), (0, -2)
55. (6, 4), (6, -4), (-6, 4), (-6, -4)
56. (2, 6), (-7, 3) 57. no solution

Chapter 11

11-1

Check It Out! 1a. 120 
b. 73,116,160 2a. 336 b. 20 3. 28

Exercises 1. important; 
permutation 3. 225 5. 1320 
7. 5985 9. 12 11. 72 13. 20 
15. 71,916,768 17. 1 19. 6 21. 72
23. 6700 25. 35 27. > 29. <
33a.
President A A A A A A A A A A A A

Vice President B B B C C C D D D E E E

Secretary C D E B D E B C E B C D

b.
President B B B B B B B B B B B B

Vice President A A A C C C D D D E E E

Secretary C D E A D E A C E A C D

60 ways 

c. 60 d. 10; 60; 10 37. A 39. D 
41. 1365 43. (    30  C  12 )(    18  C  2 ) 
45. n = 119 47. n = 13.0625 
49. hyperbola 

11-2

Check It Out! 1a.   5 _ 
36

   b. 0

c.   5 _ 
12

   2.   16 _ 
25

   3.   1 _ 
28

   4.   16 _ 
225

   

5a.   9 _ 
26

   b.   19 _ 
26

   

Exercises 1. theoretical 

probability 3.   1 _ 
4

   5.   1 _ 
4

    7.   303 _ 
365

   

9.   1 _ 
220

   11.   1 _ 
9

   13.   3 _ 
5

   15.   4 _ 
5

   17.   1 _ 
56

   

19. ≈  1 _ 
42

   21. never 23a.   π  _ 
4

  

25a. 0.68; 0.84; 0.76; 0.64 

b. 0.73 27.   2 _ 
5

   29. June; ≈ 0.13 

31. no; yes 33.   1 _ 
2

   37. G 39. H 

45. max.: 16 47. y = -  1 _ 
20

    x  2

 11-3

Check It Out! 1a.   1 _ 
36

   b.   1 _ 
8

   

2.   5 _ 
36

   3a. ≈ 0.014 b. ≈ 0.186 

4a. independent;   3 _ 
20

   

b. dependent;   1 _ 
6

   c. dependent;   1 _ 
12

   

Exercises 1. independent 
3.   1 _ 

8
   5. The probability that the

yellow cube shows a multiple of 3 
increases from   1 _ 

3
   if the product is 6;

   1 _ 
2

   7.   1 _ 
100

   9. dependent;    9 _ 
38

   

11.   1 _ 
12

   13. The probability that the

product is 8 increases from   1 _ 
18

   

if the blue cube is less than 3;   1 _ 
36

   

15. ≈ 0.72 17. dependent;   1 _ 
6

   
19. independent 
21. independent 23a. ≈ 0.61 
b. ≈ 0.05 25a.   625 _ 

1296
   b.   1 _ 

36
   

c.   1 _ 
6

   27. ≈ 0.6 29. 40 33. F 

35. 7 37.   11 _ 
18

  ; no 

39a. P(d) = 18.3g; P(j) = 32.5g 
c. vertical stretch by a factor of 
≈ 1.78 41. x ≈ ±2.6; y ≈ ±2.2 

43.   1 _ 
36

   45.   3 _ 
4

    

11-4

Check It Out! 1a. Each student 
can vote only once. b. 75% 

2a.   4 _ 
13

   b.   8 _ 
13

   3.   31 _ 
40

   4. ≈ 0.1524

Exercises 1. inclusive events 

3.   3 _ 
5

   5.   4 _ 
5

   7.   7 _ 
9

   9.   54 _ 
65

   

11. ≈ 0.92 13.   1 _ 
2

   15.   1 _ 
4

   17.   32 _ 
49

   

19. 1 - 0.7 5  13  ≈ 0.976 21. 0.37; 
experimental 23. 87%; 100% 
25b. 4.16%; 52.24% 27. 0.49 
29a. 0.42 b. 0.02 c. 0.44; it is the 
sum of the probabilities. 31. D 
33. D 35. ≈ 0.12 37.   13 _ 

18
   39. 0.9

41. 0.2 43. y = -1.5 x  3  - 6 x  2  + 
16.5x + 45 47.   1 _ 

16
    

11-5

Check It Out! 1a. 6.5; 7; no 
mode b. 4.2; 5; 2 and 6 2. 0.37 

3.  

IQR = 5 

4. 1.4; ≈ 1.6 5. 19; the mean 
increases from ≈ 4.3 to ≈ 5.4, and 
the standard deviation increases 
from ≈ 2.2 to ≈ 4.5.

Exercises 1. variance 3. 5.375; 
6; 6 5. $0.36 

7.  

IQR = 2 
9. 0.8; 0.89 11. 142.92; 11.95 
13. 23.1 

− 6 ; 20.5; no mode 
15. 15; 15; no mode

17.  

IQR = 6 

19.  

IQR = 2 

21. 343.71; 18.54 23. 58; the mean 
increases from ≈ 19.8 to ≈ 22.8, 
and the standard deviation 
increases from ≈ 5.6 to ≈ 11.5. 
25. the mean; 37° is an outlier and 
affects the mean greatly. 
27. 15;  Q  1  - 1.5(IQR) = 79 - 
1.5(90-79) = 62.5; 15 < 62.5
29. < 0.3 min or > 6.9 min; 
none 31. Ruth 35. - $0.499 

37. B 39a. 12.25 b.   13 _ 
36

   c.   23 _ 
36

   

d. no 41. D 43. C 45. 1 
47. -2 x  4  - 5 x  3  + 7 x  2  + 10x - 6
49.   2 _ 

3
   51.   1 _ 

2
    

11-6

Check It Out! 1a.  x  5  - 5 x  4  y + 
10 x  3  y  2  - 10 x  2  y  3  + 5x y  4  -  y  5  
b.  a  3  + 6 a  2 b + 12a b  2  + 8 b  3 

2a.   2 _ 
9

   ≈ 0.22 b.   47 _ 
128

   ≈ 0.37 

3a. ≈ 0.98 b. ≈ 0.09 

Exercises 1. 2 3. 27 x  3  + 13 5x  2  + 
225x + 125 
5.  x  6  + 6 x  5 y + 15 x  4  y  2  + 20 x  3  y  3  + 
15 x  2  y  4  + 6x y  5  +  y  6  
7. ≈ 0.026 ≈ 0.181 
9.  y  4  + 20 y  3  + 150 y  2  + 500y + 625
11. 1024 + 3840x + 5760 x  2  + 
4320 x  3  + 1620 x  4  + 243 x  5  

13. ≈ 0.86 15.   3 _ 
8

  ;   1 _ 
8
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17.  x  5  - 5 x  4 y + 10 x  3  y  2 -10 x  2  y  3  + 
5x y  4  -  y  5  19. 256 k  4  - 256 k  3  + 
96 k  2  - 16k + 1 21. 0.384 23.   8 _ 

27
   

25.   1 _ 
16

  ;   5 _ 
16

   27. ≈ 0.989 

29. ≈ 0.94 33a.   82 _ 
365

   b. ≈ 0.14 

c. ≈ 0.19 35. ≈ 0.03 37. ≈ 0.59 
39. ≈ 0.3 41. B 43. B 45. ≈ 0.29
47a. ≈ 0.67 b. ≈ 0.62 51. -19; -4; 
-4 53. no 55. 13.4; 15; 18 
57. 25; 24; 24 

Extension

Check it Out! 1. ≈ 97.7% 

Exercises 1. ≈ 95.4% 3. ≈ 68.2% 
5. ≈ 47.7% 7. ≈ 15.9% 

Study Guide: Review

1. dependent events 
2. expected value 
3. permutation 4. 7,000,000 
5. 792 6. 2,162,160 7. 604,800 

8. 20 9.   5 _ 
36

   10.   5 _ 
18

   11.   1 _ 
2

   

12.   11 _ 
12

   13.   1 _ 
210

   14.   1 _ 
10,000

   

15.   5 _ 
24

   16. ≈ 0.21 17.   1 _ 
5

   

18.   4 _ 
5

   19.   7 _ 
25

   20.   13 _ 
25

   21.   1 _ 
4

   

22.   3 _ 
4

   23.   1 _ 
4

   24.   1 _ 
2

   25.   1 _ 
216

   

26.   6 _ 
25

   27.   11 _ 
21

   28.   1 _ 
13

   

29.   13 _ 
31

   30.   14 _ 
99

   31. Each coupon

offers only 1 discount. 32.   5 _ 
6

   

33.   7 _ 
13

   34.   1 _ 
2

   35.   7 _ 
10

   

36. mean: 5.4; median: 6; 
mode: 8 37. mean: 13. 

− 3 ; 
median: 13; modes: 12, 13, and 15 

38. 0.51

39.  

IQR = 35 

40. [5.4, 9.6] 41. yes 42. The mean 
decreases from 75.5 to 69.3, and the 
standard deviation increases from 
≈ 21.5 to ≈ 25.1. 
43. 125 + 150x + 60 x  2  + 8 x  3  
44.  x  4  - 8 x  3 y + 24 x  2  y  2  - 32x y  3  + 
16 y  4  45. 48.75; ≈ 4.13 
46. ≈ 0.10; ≈ 0.40

Chapter 12

12-1

Check It Out! 1a. -5, -13, -21, 
-29, -37 b. 2, -6, 18, -54, 162 
2a. -1, 0, 3, 8, 15 b. -2, 1, 4, 7, 10

3a.  a  n  = 9 - 2n b.  a  n  =   1 _ n   

4. 

The graph shows the points lie 
on a line with positive slope; 
16 gal. 5. 8, 16 

Exercises 1. recursive 3. 3, 14, 25, 
36, 47 5. -12, 0, 12, 24, 36 
7. -3, -12, -27, -48, -75 9. 1, 4, 
16, 64, 256 11.  a  n  = 3 + 3n 
13.  a  n  = 35 - 10n 15. 16, 32 
17. -2, 5, -16, 47, -142 19. 9, 10, 

12, 16, 24 21. 1,   1 _ 
4

  ,   1 _ 
9

  ,   1 _ 
16

  ,   1 _ 
25

   

23.  a  n  = 13 - 4n 25. linear with a 
slope of 4; 36 27. 12, 8, 6, 5,

4  1 _ 
2

   29. 10, 20, -10, 20, -10 

31. 7.9, 7.8, 7.7, 7.6, 7.5 33. B is 
incorrect. The formula is explicit,

not recursive. 35.  a  n  =   16 _ 
9

   -   1 _ 
9

  n; 

  2 _ 
3

   37.  a  n  =   
(-1)n+1 

 __  
n

  ; -  1 _ 
10

   

39.  a  n  = 25 -  n  2 ; -75 41. 15, 21 

43a. 15, 21 b.  a  n  =   1 _ 
2

   n  2  -   1 _ 
2

  n

c.
Players 1 2 3 4 5
Games 0 2 6 12 20

The sequence is twice the previous 
sequence. The function is a vertical 
stretch by a factor of 2. 
45a.  a  n  = 180(n - 2) for n ≥ 3; 1800° 

c.  a  n  =   
180(n - 2)

 _ n   for n ≥ 3 

47a. 1,   1 _ 
2

  ,   1 _ 
4

  ,   1 _ 
8

  ,   1 _ 
16

  ,   1 _ 
32

  ; 

 a  1  = 1,  a  n  =   1 _ 
2

   a  n-1 ;  a  n  =   (  1 _ 
2

  )  
n-1

  

b. 4, 2, 1,   1 _ 
2

  ,   1 _ 
4

  ,   1 _ 
8

  ;  

a  1  = 4,  a  n  =   1 _ 
2

   a  n-1 ;  a  n  = 4  (  1 _ 
2

  )  
n-1

 

51. H 53. H 55.  a  n  =    n  3  _ 
3

    - 1;   997 _ 
3

   

57.  a  n  = -0.05 n  2  + 0.05n + 0.9; 

-3.6 59.   x - 3 _ 
x + 2

   61.   1  _ 
 x + 5

   

63.   
2(3 x  2  - 5x - 3)

  __  
(x + 1)(x - 1)

   

65.   
x( x  2  - 7)

 __  
(2x + 7)(x + 2)

  

12-2

Check It Out! 1a.   ∑ 
k = 1

  
5

    
2 _ 

(k + 1 ) 2 
   

b.   ∑ 
k = 1

  
6

  (-1 ) k  (2k)  

2a. 1 + 3 + 5 + 7 = 16 
b. -5 - 10 - 20 - 40 - 80 = -155
3a. 240 b. 120 c. 385 4. 294 in., 

or 24  1 _ 
2

   ft 

Exercises 1.   ∑ 
k = 1

  
n

  k  

3.   ∑ 
k = 1

  
5

  (-1 ) k  (3k)  

5.   ∑ 
k = 1

  
5

  [100 - 5(k - 1)]  

7. 12 - 3 +   4 _ 
3

   -   3 _ 
4

   = 9  7 _ 
12

   

9. 231 11. 126 13.   ∑ 
k = 1

  
5

  1.1k  

15.   ∑ 
k = 1

  
6

  (-1 ) k+1  (k + 10) 

17. 16 + 24 + 32 + 40 + 48 = 160

19. 0 +   1 _ 
3

   +   2 _ 
4

   +   3 _ 
5

   =   43 _ 
30

   21. 195

23. 210 cans 25.   ∑ 
k = 1

  
25

  26 - k 

27.   ∑ 
k = 1

   
5

  -800   (  1 _ 
10

  )  
k-1

   

29.   ∑ 
k = 1

  
6

  (-1 ) k+1  (k + 2 ) 2  

31.   ∑ 
k = 1

  
5

  3.4k - 3.4 , or   ∑ 
k = 1

  
5

  3.4(k - 1)  

33.   ∑ 
k = 1

  
5

    
1000 _ 
1 0  k-1 

    35b.   ∑ 
k = 1

  
5

   3  k   = 

3 + 9 + 27 + 81 + 243 = 363 
c. 3542 
37. -5 + 10 - 15 + 20 - 25 + 30 = 15
39. 1 + 4 + 7 + 10 + 13 + 16 = 51

41.   1 _ 
5

   +   2 _ 
5

   +   3 _ 
5

   +   4 _ 
5

   + 1 = 3 

43. 420 45. -2550 

47a. Both equal 165;

   ∑ 
k = 1

  
n

  c a  k  = c   ∑ 
k = 1

  
n

   a  k  . 

b. Both equal 75;   ∑ 
k = 1

  
n

  ( a  k  +  b  k )  = 

  ∑ 
k = 1

  
n

   a  k   +   ∑ 
k = 1

  
n

   b  k  .  49. a.  a  n  = 4n 

b.   ∑ 
k = 1

  
6

  4k; 84 toothpicks  53. H
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55. J 57.   ∑ 
k = 1

  
1000

  k; 500, 500  

59.   ∑ 
k = 1

  
n

  c a  k   = c a  1  + c a  2  + · · · + c a  n 

 = c( a  1  +  a  2  + · · · +  a  n ) 

 = c  ∑ 
k = 1

  
n

   a  k    

63. x-int.: 3; y-int.: -6 65. 10 ft
67. 2, 3, 8, 63, 3968 

12-3

Check It Out! 1a. arithmetic; 
d = -0.7; -1.6 b. not arithmetic

2a. -23 b. 8.7 3.   3 _ 
2

  , 1,   1 _ 
2

   4a. -25 

b. 8.5 5a. -408 b. -1650
6a. 37 seats b. 336 total seats 

Exercises 1. arithmetic series 
3. not arithmetic 5. 38 7. -4.6 
9. 16, 23, 30 11. -13 13. -17 
15. -35 17. 495 19. 11.7 
21. not arithmetic 23. arithmetic;
-0.09; 0.63 25.   12 _ 

5
   27. 66, 55, 44

29. 2.1, 1.9, 1.7 31. 94 33. -60

35. 143.5 37a. 78; 156 b. adds 1 to 
each term of the sequence; adds 24 
to the total number per day 

39. 0 41. 60 43a.   ∑ 
k = 1

  
n

  4k  b. 684 

c. 673 45. 45 minutes; after 
2 years, her exercise routine would 
be over 8 h long, which is not 
realistic. 47a. 61 b. 650 49a. 6th, 
11th, 16th, 21st, and 26th Streets 
b. 0.25 mi 53. J 55. G 57. 6 

63. growth 65. 92 dB 67.   ∑ 
k = 1

  
5

    
4k _ 
5

    

69.   ∑ 
k = 1

  
5

  -   k _ 
3

    

12-4

Check It Out! 1a. geometric; 

r =   1 _ 
3

   b. arithmetic; d = -0.4 

c. neither 2a.   3 _ 
1024

   b. 100,000 

3a. -1000 b.   3 _ 
4

   or -  3 _ 
4

   4. 20 

5a.   63 _ 
16

   b. -189 6. $616,218.04 

Exercises 1. geometric mean 
3. neither 5. 39,366 7. 64 9. 324

11.   3 _ 
2

   13. 48 15. 61 17. 511 

19. neither 21. arithmetic; d = 5 
23. 768 25. 52,488 27. 30.375 
29. 1 31. 3 33. 11.111111 
35. 8,888,888 37.  a  n  =   1 _ 

16
  (2 ) n-1 ; 

a  10  = 32;  S  10  =   1023 _ 
16

   ≈ 63.94 

39.  a  n  = 8(2 ) n-1 ;  a  10  = 4096;

 S  10  = 8184 41.  a  n  = 162  (-  1 _ 
3

  )  
n-1

 ; 

 a  10  = -  2 _ 
243

  ;  S  10  = 121  121 _ 
243

   

≈ 121.5 43a. $34.98; $61.18 
45. 2,441,406 47a. 12.8 mm 
b. 27 folds 49a. $24 million 
b. 60% c. week 6 d. about $99.93 
million 53a. about 261.6 Hz 
b.  a  n  ≈ 16.3(2 ) n  c. C11 
55a. 30.198 b. 31.899 c. 31.994 
d. 32.000 e. Yes, the series 
appears to be approaching 32. 
59. G 61. G 63.  a  18  = 1,310,720
65.  a  17  ≈ 1,208,925.82 67a. 89, 144, 
233, 377, 610 b. Their sum is the 
next term. 69. zero: -5; vertical 
asymptotes: x = -2 and 
x = 3; horizontal asymptote: y = 0
71a. f(x) = 0.9(0.8x) = 0.72x 
b. $198 73. 52.1 75. 104.6 

12-5

Check It Out! 1a. diverges 

b. converges 2a.   125 _ 
6

   b.   2 _ 
3

   3.   1 _ 
9

   

4. Step 1:   ∑ 
k = 1

  
1

  (2k - 1) = 1;   1  2  = 1

 Step 2: 1 + 3 + · · · + (2k - 1) =  k  2 

 Step 3: 1 + 3 + · · · + 
 (2k - 1) + [2(k + 1) - 1]
 =  k  2  + [2(k + 1) - 1] 
 =  k  2  + 2k + 1 
 = (k + 1 ) 2  

5. a = 5:    5  2  _ 
2

   N 2(5) + 1 

 12.5 O 11 

Exercises 1. converge 3. diverges

5.   9 _ 
4

   7. 1066  2 _ 
3

   9.   56 _ 
99

   

11. Step 1: 2 · 1 = n(n + 1) 
 = 1(1 + 1) = 2 
 Step 2: 2 + 4 + · · · + 2(k) 
  = (k)(k + 1) 
 Step 3: 2 + 4 + · · · + 2k + 
 2(k + 1) = k(k + 1) + 2(k + 1)
 =  k  2  + k + 2k + 2 
 =  k  2  + 3k + 2 
 = (k + 1)(k + 2)  
13. n = -1 15. converges 

17. diverges 19.   16 _ 
15

   21.   2 _ 
3

   

23.   541 _ 
999

   25. a = 0 

27. a = 0 29. 320 in., or 26  2 _ 
3

   ft 

31. 2500 33. -  40 _ 
7

   35. No sum

exists. 37. 500 39.   4 _ 
9

   41.   41 _ 
333

   

43.   5 _ 
9

   45a. about 415.0 million 

b. about 6.2 billion c. about 
11 billion 53. x =   1 _ 

2
   

55. x = -2 57. x = 0 59. For
 a  1  > 0, S >  S  n , and both sums 
are positive. For  a  1  < 0,  S  n  > S, 
and both sums are negative. 
61. B 63. A 67.   5 _ 

12
   69. No; the

partial sums will approach 
infinity if d > 0 and negative 
infinity if d < 0. 71. 73.728 % 
73. geometric; r =   1 _ 

3
  

75. geometric; r = 0.25

Extension

Check It Out! 1. 53 square units 
2. 155.25 square units 

Exercises 1. 1236 square units
3. 304 square units 5. 220 square 
units 7. 15,875 square units 
9a. about 3056 square units

Study Guide: Review

1. arithmetic; geometric 
2. diverges; converges 
3. explicit formula; recursive 
formula 4. infinite sequence; 
finite sequence 5. iteration 
6. -8, -7, -6, -5, -4

7.   1 _ 
2

  , 2,   9 _ 
2

  , 8,   25 _ 
2

   8. 1, -  3 _ 
2

  ,   9 _ 
4

  , -  27 _ 
8

  ,

  81 _ 
16

   9. 55, 53, 51, 49, 47 10. 200, 40,

8,   8 _ 
5

  ,   8 _ 
25

   11. -3, 10, -29, 88, -263

12.  a  n  = -4n 13.  a  n  = 5(4 ) n-1 
14.  a  n  = 5n - 29 15.  a  n  = 27  (  2 _ 

3
  )  

n-1
 

16. 0.72 ft, or 8.6 in.; 0.12 ft, or 1.5 in. 
17. -1 + 4 - 9 + 16 = 10 
18. 4.5 + 5.0 + 5.5 + 6.0 + 6.5 = 27.5
19. 1 - 3 + 5 - 7 + 9 = 5 

20. 5 +   5 _ 
2

   +   5 _ 
3

   +   5 _ 
4

   =   125 _ 
12

   

21. -40 22. 385 23. 78 
24. $27,600; $207,000 25. 17 26.   21 _ 

5
   

27. -1.2 28. 29.5 29. -18 30. 23 
31. -630 32. -7 33. 150 34. 330 
35. 50, 58, 66, 74, ... ; no, because he 
will have a total savings of only $458

36. 0.000004 37.   243 _ 
2

   38. -  1 _ 
8

   

39. 768 40. 98,304 41.   512 _ 
3

   

42. ±32 43. 62,500 44. 5 45. 2

46.     
√ � 3  

 _ 
24

   47.   25 _ 
36

   48.   121 _ 
81

   

49. 72,727.2 50. 21,845 51. -39,062

52.   315 _ 
8

   = 39.375 53.   279 _ 
8

   = 34.875

54. $1044.26 55. $9847.32; $43,969.32
56. -2025 57. -  4 _ 

3
   or -1. 

− 3  
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58. -343 59. 5 60. 4.5 61. -  21 _ 
2

  

62.   1 _ 
9

   63. No sum exists. 

64.  Step 1:  2  1  =  21+1    - 2 = 2
Step 2: 2 + · · · +  2  k  =  2 k+1    - 2
Step 3: 2 + · · · +  2  k  +  2 k+1     

 =  2  k+1  - 2 +  2  k+1 
 = 2( 2  k+1 ) - 2 
 =  2  k+2  - 2 =  2  k+1+1  - 2
65.  Step 1:  5  1-1  =    5  1  - 1 _ 

4
   = 1

Step 2: 1 + · · · +  5  k-1  =    5  k  - 1 _ 
4

  

 Step 3: 1 + · · · +  5  k-1  +  5  k   

=    5  k  - 1 _ 
4

   +  5  k 

 =    5  k  - 1 _ 
4

   +   
 4( 5  k )

 _ 
4

   

 =   
 5  k  + 4( 5  k ) - 1

  __ 
4

  

 =   
5( 5  k ) - 1

 _ 
4

   =     5  k+1  - 1 _ 
4

  

66. Step 1:   1 _ 
4( 1  2 ) - 1

    

=   1 _ 
2(1) + 1

   

=   1 _ 
3

   

 Step 2:   1 _ 
3

   + · · · +   1 _ 
4 k  2  - 1

    

=   k _ 
2k + 1

  

 Step 3:   1 _ 
3

   + · · · +   1 _ 
4 k  2  - 1

   + 

   1 __  
4(k + 1 ) 2  - 1

  

 =   k _ 
2k + 1

   +   1 __  
4(k + 1 ) 2  - 1

  

 =   k _ 
2k + 1

   +   1 __  
4 k  2  + 8k + 3

  

=   k _ 
2k + 1

   +

   1 __  
(2k + 1)(2k + 3)

  

 =   
k(2k + 3)

  __  
(2k + 1)(2k + 3)

   + 

   1 __  
(2k + 1)(2k + 3)

  

 =   
k(2k + 3) + 1

  __  
(2k + 1)(2k + 3)

  

 =   2 k  2  + 3k + 1  __  
(2k + 1)(2k + 3)

  

 =   
(2k + 1)(k + 1)

  __  
(2k + 1)(2k + 3)

  

 =   k + 1 _ 
2k + 2 + 1

  

 =   k + 1 __  
2(k + 1) + 1

  

67a.   ∑ 
k = 1

  
∞

  9(0.85 ) k-1   b. 60 ft

Chapter 13

13-1

Check It Out! 1. sin θ =   15 _ 
17

  ; 

cos θ =   8 _ 
17

  ; tan θ =   15 _ 
8

   2. x = 10  √ � 2  

3. 41 in. 4. 220 ft 5. sin θ =   40 _ 
41

  ;

cos θ =   9 _ 
41

  ; tan θ =   40 _ 
9

  ; csc θ =   41 _ 
40

  ;

sec θ =   41 _ 
9

  ; cot θ =   9 _ 
40

  

Exercises 1. tangent 

3. sin θ =   
3  √ � 13  

 _ 
13

  ; cos θ =   
2  √ � 13  

 _ 
13

  ; 

tan θ =   3 _ 
2

   5. x =   
100  √ � 3  

 _ 
3

   

7. x =    250  √ � 3  
 _ 

3
   9. 241 m 

11. sin θ =   
3  √ � 10  

 _ 
10

  ; cos θ =   
  √ � 10  

 _ 
10

  ;

tan θ = 3; csc θ =   
  √ � 10  

 _ 
3

  ; sec θ =   √ � 10  ;

cot θ  =   1 _ 
3

   13. sin θ =   1 _ 
3

  ; cos θ =   
2  √ � 2  

 _ 
3

  ; 

tan θ =   
  √ � 2  

 _ 
4

   15. sin θ =   
5  √ � 41  

 _ 
41

  ; 

cos θ =   
4  √ � 41  

 _ 
41

  ; tan θ =   5 _ 
4

   

17. x = 140 19a. 147 m b. 187 m

21. sin θ =   4 _ 
5

  ; cos θ =   3 _ 
5

  ; tan θ =   4 _ 
3

  ;

csc θ =   5 _ 
4

  ; sec θ =   5 _ 
3

  ; cot θ =   3 _ 
4

  

23. sin θ =   
  √ � 2  

 _ 
2

  ; cos θ =   
  √ � 2  

 _ 
2

  ; 

tan θ = 1; csc θ =   √ � 2   ; sec θ =   √ � 2  ; 
cot θ = 1 25a. 8022 ft b. 32 s 
27. 135 ft 31. F 35a. 3 ft 
b. 13.5  √ � 3    ft  2  37. x = 32 
39. x = 38,416 41.   1 _ 

2
   43. 16  2 _ 

3
    

13-2

Check It Out! 
1a.

b.

c.

2a. Possible answer: 448°; -272° 
b. Possible answer: 860°; -220° 
c. Possible answer: 240°; -480° 
3a. 75° b. 65° c. 50° 

4. sin θ =   
2  √ � 5  

 _ 
5

  ; cos θ = -    √ � 5  
 _ 

5
  ; 

tan θ = -2; csc θ =   
  √ � 5  

 _ 
2

  ; 

sec θ = -  √ � 5  ; cot θ = -  1 _ 
2

   

Exercises 1. terminal 
3.

5.

11. 70° 13. 20° 15. 50° 17. 40°

19. sin θ = -    √ � 5  
 _ 

5
  ; cos θ =   

2  √ � 5  
 _ 

5
  ; 

tan θ = -  1 _ 
2

  ; csc θ = -  √ � 5   ; 

sec θ =   
  √ � 5  

 _ 
2

  ; cot θ = -2 

21. sin θ = -  4 _ 
5

  ; cos θ = -  3 _ 
5

  ; 

tan θ =   4 _ 
3

  ; csc θ = -  5 _ 
4

  ; 

sec θ = -  5 _ 
3

  ; cot θ =   3 _ 
4

   

23. sin θ =   
6  √ � 37  

 _ 
37

  ; cos θ =   
  √ � 37  

 _ 
37

  ; 

tan θ = 6; csc θ =   
  √ � 37  

 _ 
6

  ;

sec θ =   √ � 37   ; cot θ =   1 _ 
6

   

25. sin θ =   
2  √ � 5  

 _ 
5

  ; cos θ = -    √ � 5  
 _ 

5
  ; 

tan θ = -2; csc θ =   
  √ � 5  

 _ 
2

  ; sec θ = -  √ � 5  ;

cot θ = -  1 _ 
2

   

27.
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29.

35. 50° 37. 20° 39. 85° 41. 35° 

43. sin θ = -  2  √ � 29  
 _ 

29
  ; cos θ =   

5  √ � 29  
 _ 

29
  ;

tan θ = -  2 _ 
5

  ; csc θ = -    √ � 29  
 _ 

2
  ; 

sec θ =   
  √ � 29  

 _ 
5

  ; cot θ = -  5 _ 
2

   

45. sin θ =   3 _ 
5

  ; cos θ =   4 _ 
5

  ; tan θ =   3 _ 
4

  ;

csc θ =   5 _ 
3

  ; sec θ =   5 _ 
4

  ; cot θ =   4 _ 
3

   

47. sin θ = -  2  √ � 5  
 _ 

5
  ; cos θ =   

  √ � 5  
 _ 

5
  ; 

tan θ = -2; csc θ = -    √ � 5  
 _ 

2
  ; 

sec θ =   √ � 5   ; cot θ = -  1 _ 
2

   

49. sin θ =   
4  √ � 41  

 _ 
41

  ; cos θ =   
5  √ � 41  

 _ 
41

  ;

tan θ =   4 _ 
5

  ; csc θ =   
  √ � 41  

 _ 
4

  ; sec θ =   
  √ � 41  

 _ 
5

  ;

cot θ =   5 _ 
4

   51. 1364°/s 53.  (-2, 2  √ � 3  ) 

55a. 402 ft b. 5 s c. 215 ft d. 29 ft
57a. 7.5 min b. 68 rotations 
59. -0.643 61. 30°, 150°, 210°, 330°
63. 82°, 98°, 262°, 278° 67. F 

69. sin θ =   
b  √ ���  a  2  +  b  2   

 _ 
 a  2  +  b  2 

  ; 

cos θ =   
a  √ ���  a  2  +  b  2   

 _ 
 a  2  +  b  2 

  ; tan θ =   b _ a   

71. sin θ =   
b  √ ���  a  2  +  b  2   

 _ 
 a  2  +  b  2 

  ; 

cos θ =   
a  √ ���  a  2  +  b  2   

 _ 
 a  2  +  b  2 

  ; tan θ =   b _ a   

73. sine and cosine: none; tangent 
and secant: for θ = 90° for θ = 270° 
and all angles coterminal with 
these angles; cosecant and 
cotangent: for θ = 0° for θ = 180° 
and all angles coterminal with 
these angles 75. 3 77. g  (f(4))  = 37

79. sin θ =   5 _ 
13

  ; cos θ =   12 _ 
13

  ; 

tan θ =   5 _ 
12

  

13-3

Check It Out! 1a.   4π
 

_ 
9

   radians 

b. 40° c. -  π 
_ 
5

   radians d. 720° 

2a. -    √ � 2  
 _ 

2
   b. 0 c. -  1 _ 

2
   

3a. sin 270° = -1; cos 270° = 0; 
tan 270°: undefined 

b. sin   11π
 

_ 
6

   = -  1 _ 
2

  ; cos   11π
 

_ 
6

    =   
  √ � 3  

 _ 
2

  ;

tan   11π
 

_ 
6

   = -    √ � 3  
 _ 

3
   

c. sin (-30°) = -     1 _ 
2

  ; cos (-30°) =   
  √ � 3  

 _ 
2

  ;

tan (-30°) = -    √ � 3  
 _ 

3
   4. 1.5 ft

Exercises 1. 1 unit; 2π units 

3. -  5π
 

_ 
12

   radians 5.   3π
 

_ 
4

   radians 

7. -112.5° 9. 80° 11. -1 13. -  1 _ 
2

  

15. sin 120° =   
  √ � 3  

 _ 
2

  ; 

cos 120° = -  1 _ 
2

  ; tan 120° = -  √ � 3   

17. sin   π 
_ 
3

   =   
  √ � 3  

 _ 
2

  ;  cos   π 
_ 
3

   =   1 _ 
2

  ; 

tan   π 
_ 
3

   =   √ � 3    19.   4π
 

_ 
3

   radians 

21. -  5π
 

_ 
36

   radians 23. -20° 

25. 630° 27. -  √ � 3    29. -    √ � 3  
 _ 

2
   

31. sin 225° = -    √ � 2  
 _ 

2
  ; 

cos 225° = -    √ � 2  
 _ 

2
  ; tan 225° = 1 

33. sin   11π
 

_ 
6

   = -  1 _ 
2

  ; cos   11π
 

_ 
6

   =   
  √ � 3  

 _ 
2

  ;

tan   11π
 

_ 
6

   = -    √ � 3  
 _ 

3
   35. about 2793 mi

37. reference angle:   π 
_ 
4

   

39. 600 revolutions/min 

41a. 45° b. 28 ft 51. C 

53. sin θ = -    √ � 3  
 _ 

2
  ; csc θ = -  2  √ � 3  

 _ 
3

  ;

sec θ = 2; cot θ = -    √ � 3  
 _ 

3
   

55.  (-5  √ � 3   , -5)  59. D: {x | x ≥ -4}; 
R: {y | y ≥ 0} 61. D: {x | x ≥ 0}; 
R: {y | y ≤ 0} 63. 25,165,824 
65. 45° 67. 5°

13-4

Check It Out! 1.   π 
_ 
4

   + (2π)n or   5π
 

_ 
4

  

+ (2π)n, where n is an integer

2a. -  π 
_ 
4

   or -45° b.   π 
_ 
2

   or 90° 

3. 37° north of east 4a. θ = -63.4°
b. θ = 116.6°

Exercises 3.   π 
_ 
6

   + (2π)n and 

  7π
 

_ 
6

   + (2π)n, where n is an integer

5.   π 
_ 
6

  ; 30° 7. undefined 9.   π 
_ 
4

  ; 45°

11. 5° 13. θ = 234.5° 15. θ = 255.5°

17.   π 
_ 
3 

  + (2π)n and   2π
 

_ 
3

   + (2π)n,

where n is an integer 19.   π 
_ 
3

  ; 60°

21. -  π 
_ 
6

  ; -30° 23.   π 
_ 
3

  ; 60° 25. 75°

27. θ = 228.6° 29. θ = 275.7° 
31a. style A: 7.5°; style B: 9.1°; 
style C: 5.1° b. style B c. 9.5° 
33a. 84.0° b. 121 ft 35. 0.7 

39. A 41. C 43.   π 
_ 
3

   ≤ θ ≤   5π
 

_ 
3

   

45.   π 
_ 
8

   ≤ θ <   π 
_ 
4

   or   5π
 

_ 
8

   ≤ θ <   3π
 

_ 
4

   or

   9π
 

_ 
8

   ≤ θ <   5π
 

_ 
4

   or   13π
 

_ 
8

   ≤ θ <   7π
 

_ 
4

   

47. linear; translation 5 units up 
(or 5 units left) 49.  f  -1 (x) = 4x - 4;

function; D: &; R: & 51.   4π
 

_ 
3

   radians 

53.   7π
 

_ 
3

   radians  

13-5

Check It Out! 1. 47.9 f t  2  

2a. m∠K = 31°; k ≈ 6.5; h ≈ 8.4 
b. m∠N = 18°; m ≈ 4.7; p ≈ 4.0 
3. 1 triangle; m∠B ≈ 35.4°; m∠C ≈ 
39.6°; c ≈ 6.6 cm 

Exercises 1. 4.9 c m  2  3. 6900.5  m  2 
5. m∠Z = 40°; x ≈ 36.1; y ≈ 18.3 
7. m∠C = 65°; a ≈ 2.0; b ≈ 2.9 
9. m∠R = 55°; s ≈ 38.8; t ≈ 18.3
11. 1 triangle; m∠B ≈ 20.3°; 
m∠C ≈ 39.7°; c ≈ 7.4 m 
13. 1 triangle; m∠B ≈ 37.3°; 
m∠C ≈ 97.7°; c ≈ 9.8 m 
15. 1376.6  yd  2  17. m∠D = 61°; 
c ≈ 9.9; d ≈ 8.7 19. m∠K = 38°; 
� ≈ 9.4; m ≈ 7.6 21. 0 triangles 
23. 1 triangle; m∠B ≈ 22.5°; 
m∠C ≈ 27.5°; c ≈ 4.2 in. 
25. m∠C = 64°; b ≈ 15.3; c ≈ 15.6
27. m∠A = 59°; a ≈ 21.8; c ≈ 16.7
29. 21 ft 31. 1 triangle; m∠A ≈ 16.9°;
m∠C ≈ 28.1°; a ≈ 4.9 33. 1 triangle; 
m∠A = 90°; m∠C = 60°; c ≈ 5.2 
35a. distance from tower 1 to 
tower 2: 4.2 mi; distance from tower 
2 to tower 3: 4.9 mi b. 8.9 m i  2  
37. 16.7 cm 39. B is incorrect. 
43. B 45b. no 47. 0° < m∠A < 60°
49. y-intercept: 5; x-intercept: 5 
51. y-intercept: 2; x-intercept: 6 

53. x =   1 _ 
3

   55. 135°;    3π
 

_ 
4

   radians

57. 30°;    π 
_ 
6

   radians

13-6

Check It Out! 1a. a ≈ 40.9; 
m∠B ≈ 3.9°; m∠C ≈ 3.1° 
b. m∠A ≈ 43.4°; m∠B ≈ 55.6°; m∠C 
≈ 81.0° 2. 34 mi 3. 367  m  2  
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Exercises 1. q ≈ 9.1; m∠P ≈ 40.5°; 
m∠R ≈ 59.5° 3. r ≈ 11.6; 
m∠P ≈ 40.3°; m∠R ≈ 50.7° 
5. m∠P ≈ 43.2°; m∠Q ≈ 86.5°; m∠R 
≈ 50.3° 7. 9 min 9. f ≈ 55.5; m∠G 
≈ 53.1°; m∠H ≈ 61.9° 
11. f ≈ 21.2; m∠G ≈ 59.2°; 
m∠H ≈ 40.8° 13. m∠F ≈ 54°; 
m∠G ≈ 59.6°; m∠H ≈ 66.4° 
15. 3.8 mi 17. m∠B ≈ 26.3°; 
m∠C ≈ 33.7°; a ≈ 31.2 
19. m∠A ≈ 51.3°; m∠B ≈ 32.7°; 
c ≈ 16.6 21. m∠A ≈ 38.6°; 
m∠B ≈ 92.9°; m∠C ≈ 48.5° 
23. 74°, 46°, and 60° 25a. 89 mi 
b. 38° 27a. m∠A = 43°; m∠B = 44°
b. m∠A = 28°; m∠B = 41° 
29. 524.6 c m  2  31. 7.3 f t  2  33. 1.2 km
39. H 41. No, Abby did not make 
an error. A triangle cannot be 
formed from sides that measure 
2 units, 3 units, and 5 units. 
43. x = 9.9 45. x = ±4i 
47. x-intercept of f : 4; y-intercept 
of f : -8; x-intercept of g: 4; 
y-intercept of g: -4 49. x-intercept 
of f : -12; y-intercept of f : 6; 
x-intercept of g: -4; y-intercept 
of g: 6 51. m∠C = 48°; b ≈ 8.5; 
c ≈ 13.8

Study Guide: Review

1. radian 2. cosecant 
3. standard position 

4. sin θ =   3 _ 
5

  ; cos θ =   4 _ 
5

  ; tan θ =   3 _ 
4

  ; 

csc θ =   5 _ 
3

  ; sec θ =   5 _ 
4

  ; cot θ =   4 _ 
3

   

5. sin θ =   2 _ 
3

  ; cos θ =   
  √ � 5  

 _ 
3

  ; tan  θ =   
2  √ � 5  

 _ 
5

  ;

csc θ =   3 _ 
2

  ; sec θ =   
3  √ � 5  

 _ 
5

  ; cot θ =   
  √ � 5  

 _ 
2

  

6. x = 12  √ � 3   7. x =   
9  √ � 2  

 _ 
2

   
8. 18 ft 9. 178 m 
10.

11.

12. 

13. Possible answer: 475°; -245°
14. Possible answer: 22°; -338° 
15. Possible answer: 225°; -495°
16. 84° 17. 53° 18. 75° 

19. sin θ =   3 _ 
5

  ; cos θ = -  4 _ 
5

  ; 

tan θ = -  3 _ 
4

  ; csc θ =   5 _ 
3

  ; 

sec θ = -  5 _ 
4

  ; cot θ = -  4 _ 
3

   

20. sin θ =   12 _ 
13

  ; cos θ =   5 _ 
13

  ; 

tan θ =   12 _ 
5

  ; csc θ =   13 _ 
12

  ; 

sec θ =   13 _ 
5

  ; cot θ =   5 _ 
12

   

21. sin θ = -  8 _ 
17

  ; cos θ = -  15 _ 
17

  ; 

tan θ =   8 _ 
15

  ; csc θ = -  17 _ 
8

  ; 

sec θ = -  17 _ 
15

  ; cot θ =   15 _ 
8

   

22. sin θ = -  3  √ � 73  
 _ 

73
  ; cos θ =   

8  √ � 73  
 _ 

73
  ;

tan θ = -  3 _ 
8

  ; csc θ = -    √ � 73  
 _ 

3
  ; 

sec θ =   
  √ � 73  

 _ 
8

  ; cot θ = -  8 _ 
3

   

23. sin θ = -    √ � 82  
 _ 

82
  ; cos θ = -  9  √ � 82  

 _ 
82

  ;

tan θ =   1 _ 
9

  ; csc θ = -  √ � 82  ; 

sec θ = -    √ � 82  
 _ 

9
  ; cot θ = 9 

24. sin θ =   
2  √ � 5  

 _ 
5

  ; cos θ = -    √ � 5  
 _ 

5
  ; 

tan θ = -2; csc θ =   
  √ � 5  

 _ 
2

  ; 

sec θ = -  √ � 5  ; cot θ = -  1 _ 
2

   

25.   3π
 

_ 
2

   radians 26. -  2π
 

_ 
3

   radians

27.   20π
 

_ 
9

   radians 28. 30° 29. -20°

30. 405° 31. -  1 _ 
2

   32. -1 33. 2 

34. sin   7π
 

_ 
6

   = -  1 _ 
2

  ; cos   7π
 

_ 
6

   = -    √ � 3  
 _ 

2
  ; 

tan   7π
 

_ 
6

   =   
  √ � 3  

 _ 
3

   35. sin 300° = -    √ � 3  
 _ 

2
  ;

cos 300° =   1 _ 
2

  ; tan 300° = -  √ � 3   

36. sin  (-  π 
_ 
3

  )  = -    √ � 3  
 _ 

2
  ; 

cos  (-  π 
_ 
3

   )  =   1 _ 
2

  ; tan  (-  π 
_ 
3

  )  = -  √ � 3  

37. 22 in. 38a.   π 
_ 
3

   radians b. 1.6 m

39.   π 
_ 
3

   + (2π)n and   4π
 

_ 
3

   + (2π)n,

where n is an integer 

40.   5π
 

_ 
6

   + (2π)n and   7π
 

_ 
6

   + (2π)n, 
where n is an integer 

41.   5π
 

_ 
4

   + (2π)n and   7π
 

_ 
4

   + (2π)n, 
where n is an integer 

42.   5π
 

_ 
6

   + (2π)n and   11π
 

_ 
6

   + (2π)n, 
where n is an integer 

43. -30°; -  π 
_ 
6

   radians 44. 30°;

   π 
_ 
6

   radians 45. 180°; π radians 

46. 45°;   π 
_ 
4

   radians 47. 34° 

48. 41° 49. 17.5° 50. 162.5° 
51. 65.6° 52. 245.6° 53. 5.4  m  2  
54. 4953.1 f t  2  55. 24.0 i n.  2  
56. 112.5 c m  2  57. m∠F = 97°; 
d ≈ 26.3; e ≈ 37.0 58. m∠B = 75°; 
b = 15; c ≈ 7.8 59. m∠P = 113°; 
p ≈ 10.0; q ≈ 4.9 60. m∠Y = 64°; 
w = 4.8; x = 8.0 61. 2 triangles; 
m∠ B  1  ≈ 69.4°; m∠ C  1  ≈ 55.6°; 
 c  1  ≈ 14.1 cm; m∠ B  2  ≈ 110.6°; 
m∠ C  2  ≈ 14.4°;  c  2  ≈ 4.3 cm 
62. m∠A ≈ 20.9°; m∠B ≈ 130.1°; 
c ≈ 19.0° 63. m∠B ≈ 43.0°; 
m∠C ≈ 27.0°; a ≈ 24.8 
64. m∠A ≈ 125.7°; m∠B ≈ 11.7°; 
m∠C ≈ 42.6° 65. m∠A ≈ 39.4°; 
m∠B ≈ 54.7°; m∠C ≈ 85.9° 
66a. 40.0 km b. 1.4 h 67. 60  ft  2  
68. 95  in.  2  

Chapter 14

14-1

Check It Out! 1a. not periodic 

b. periodic; 3 

2.

amplitude:   1 _ 
3

  ; period: π 

3.

frequency: 250 Hz 
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4.

x-intercepts:   π 
_ 
2

   + nπ ; 
phase shift: π right 

5a. 

b. 40 ft 

Exercises 1. periods 3. not 
periodic 5. amplitude:   1 _ 

4
  ;

period: 2π 7. frequency: 100 Hz 
9. x-intercepts: πn; phase shift: 
π

 
_ 
2

  right 11. 4 ft 13. periodic; 2π 

15. amplitude:   3 _ 
2

  ; period: 2π 

17. amplitude: 6; period: 6π 
19. x-intercepts: πn; phase shift: 
π left 21. x-intercepts:   π 

_ 
4

   + πn;

phase shift:   3π
 

_ 
4

   left 23. max.: 

24.5 ft; min.: 21.5 ft 25. amplitude: 
1; period: 2π; phase shift   π 

_ 
4

   left 
and vertical shift 1 down 
27. amplitude: 1; period: 1; 
horizontal compression and 
vertical shift 2 down 29. ≈0.3  
31. ≈0.25 33. f(x) = 6 sin 2x; f(x) 
= 6 cos 2x 35. f(x) = -4 sin 2x;

g(x) = 4 cos 2 (x +   π 
_ 
4

  )  37a. period:

12.2; amplitude: 1.5; max.: 3; 
min.: 0 b. h(0) = 3; h(6.1) = 0 

c. h(t) = 1.5 cos   2π
 

_ 
12.2

  t + 1.5

39. The period decreases for b > 1 
and increases for b < 1 because the 
period is given by   2π

 
_ 
b

  . 41. H 

43. phase shift π right, horizontal 
compression, vertical stretch, 
and reflection across the x-axis 
amplitude: 4; period: π; 
x-intercepts 0,   π 

_
 

2
  , π,   3π

 
_

 

2
  , and 

2π; max.: 4, min.: -4

45.

47. 76° < θ < 256° 49. (-∞, -2] or 
[1, 13) 51a. 6r + 2l + 4c = 100

b.

Roses 6 4 3 7

Lilies 10 8 5 3

Carnations 11 15 18 13

53. m∠A = 10°; m∠B = 12.4°; 
m∠C = 157.6°

14-2
Check It Out! 

1.

period: 2π; x-intercepts: 2πn; 
asymptotes: π + 2πn 

2.

period:   π 
_ 
2

  ; x-intercepts:   π 
_ 
4

   +   π 
_ 2  n; 

asymptotes:   π 
_ 2  n 

3.

    

period: 2π; asymptotes: πn 

Exercises 1. period:   π 
_ 
3

  ; 

x-intercepts:   π 
_ 
3

  n; asymptotes: 

  π 
_ 
6

   +   π 
_ 
3

  n 3. period:   1 _ 
2

  ; 

x-intercepts:   1 _ 
2

  n; asymptotes: 

  1 _ 
4

   +   1 _ 
2

  n 5. period:   π 
_ 
2

  ; 

x-intercepts:   π 
_ 
4

   +   π 
_ 
2

  n; asymptotes: 

  π 
_ 
2

  n 7. period: 2π; asymptotes: 

  π 
_ 
2

   + πn 9. period: 2π; asymptotes:

πn 11. period: π; x-intercepts: 

  3π
 

_ 
4

   + πn; asymptotes:   π 
_ 
4

   + πn 

13. period: 2; x-intercepts: 2n; 
asymptotes: 1 + 2n 15. period: 4π; 
x-intercepts: 2π + 4πn; asymptotes: 
4πn 17. period: 2π; asymptotes:

  π 
_ 
2

   + πn 19. period: 2π; 
asymptotes: πn 21.   π 

_ 
2

  ;   3π
 

_ 
2

  ; 

-  π 
_ 
2

  ;   5π
 

_ 
2

   23.   π 
_ 
2

  ;   3π
 

_ 
2

  ; -  π 
_ 
2

  ;   5π
 

_ 
2

   

25a. 3 s c. t =   3 _ 
4

   and t =   9 _ 
4

   

27. increasing; decreasing; 
decreasing; increasing 
29. decreasing; decreasing; 
increasing; increasing 
31. increasing; increasing; 
increasing; increasing 37. G 
39. H 41. period: 2; local 
maximum: 1; local minimum: 7; 
phase shift: 1 right 
47. D: {x | x ≤ -1 or x ≥ 1}; 

R:  
⎧
 
 
 ⎨   

⎩
 y | 0 ≤ y ≤ π and y ≠   π 

_ 
2

    
⎫
 

 
 ⎬   

⎭
  

49. D: {x | x ≤ -1 or x ≥ 1}; 

R: {y |-   π 
_ 
2

   ≤ y ≤   π 
_ 
2

   and y ≠ 0} 

51.   1 _ 
10

  ; -10 53. 3  √ � 5  ; -    √ � 5  
 _ 

15
   

55. 11 pages 57. 135° 59. -60°

14-3

Check It Out! 
1a. sinθ cot θ = sin θ  (  cos θ

 
_ 
sin θ

  ) 

 = cos θ
b. 1 - sec(-θ) = 1 -   1 _ 

cos (-θ)
   

 = 1 -   1 _ 
cos θ

   

 = 1 - sec θ 

2a. 1 + sin θ b.   1 _ 
si n  2  θ

   - 1 3. θ ≈ 22°

Exercises 

1. sin θ sec θ = sin θ  (  1 _ 
cos θ

  )  

 =   sin θ
 

_ 
cos θ

   

 = tan θ 

3. co s  2  θ (se c  2  θ - 1) = co s  2  θ ( tan  2  θ)

 = co s  2  θ   (  sin θ
 

_ 
cos θ

  )  
2

 

 = co s  2  θ  (  si n  2  θ
 

_ 
co s  2  θ

  ) 

 = si n  2  θ 
5. 1 + co s  2  θ 7. θ ≈ 43° 

9.   sin θ - cos θ
 

__ 
sin θ

   =   sin θ
 

_ 
sin θ

   -   cos θ
 

_ 
sin θ

  

 = 1 - cot θ

11. se c  2  θ(1 - co s  2  θ) =  (  1 _ 
 cos  2  θ

  ) (si n  2  θ)

 =   si n  2  θ
 

_ 
co s  2  θ

   

 = ta n  2  θ

13.   si n  2  θ
 

_ 
1 - si n  2  θ

   15. si n  2  θ 17. 1 

19. sec θ 21. cot θ 23. sin θ 
25. csc θ 27. 1 29.  sec  2  θ 31. tanθ 
33. si n  2  θ (cs c  2  θ - 1) = si n  2  θ co t  2  θ

 = si n  2  θ  (  co s  2  θ
 

_ 
si n  2  θ

  )
 = co s  2  θ
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35.   cos θ
 

_ 
1 - si n  2  θ

   =   cos θ
 

_ 
co s  2  θ 

   =

   1 _ 
cosθ

   = sec θ 

39. cot θ =   x _ y   =   r cos θ
 

_ 
r sin θ

   

 =   cos θ
 

_ 
sin θ

   

43.  x  2  +  y  2  =  r  2 

    x  2  _ 
 x  2 

   +   
 y  2 

 _ 
 x  2 

   =    r  2  _ 
 x  2

 
   1 +   (  

y
 _ x  )  

2

  =   (  r _ x  )  
2
  

 1 + ta n  2  θ = se c  2  θ 

45. no 47. yes 49. no 
51a. r = � sin θ b. � =   

g
 _ 

 ω  2 
   sec θ 

55. an infinite number of 
equivalent forms 57. D 59. A

63.   1 _ 
sin θ cos θ

   65.   1 _ 
1 - co s  2  θ

  

67. sin θ + cos θ 69.   sin θ
 

_ 
sin θ + 1

   

71.   1 _ 
36

   73.   π 
_ 
2

  ,   3π
 

_ 
2

  , -  π 
_ 
2

  , -  3π
 

_ 
2

  

75. 0, π, -π, 2π 

14-4

Check It Out! 1a. -2 -   √ � 3   

b.     
√ � 2   -   √ � 6  

 _ 
4

   

2. cos (  π 
_ 
2

   + x)  = cos (  π 
_ 
2

  ) cos x - 

sin (  π 
_ 
2

  ) sin x 
 = (0)cos x - (1)sin x 
 = -sin x  

3.   24 _ 
25

   4. A′ (-  √ � 3  ,1) , B′ (-2  √ � 3  , 2) ,

C′(0, 2), D′ (-  √ � 3  , - 1) 

Exercises 1. A rotation matrix 
assumes a counterclockwise 
rotation about the origin. 

3.     
√ � 6   -   √ � 2  

 _ 
4

   5.     
√ � 6   -   √ � 2  

 _ 
4

  

7. tan(π+ x) =   tan π + tan x  __  
1 - tan π tan x

   

 =   0 + tan x _ 
1 - 0  

 = tan x

9.   16 _ 
65

   11.   16 _ 
63

   13. A′(-1.73, -1),

B′(-0.87, 0.5), C′(-1.5, 2.60) 

15.   √ � 3   - 2 17.   -  √ � 2   -   √ � 6  
 __ 

4
  

19. sin (  3π
 

_ 
2

   + x)  = sin   3π
 

_ 
2

   cos x +

 cos   3π
 

_ 
2

   sin x 
 = (-1) cos x + (0)sin x

= -cos x  

21.   63 _ 
65

   23. -  16 _ 
65

   25. A′(-1.41, 1.41),

B′(-0.71, 2.12), C′(-0.71, 0.71) 

27. 2 +   √ � 3   29.     
√ � 2   -   √ � 6  

 _ 
4

   

31. 2 +   √ � 3   33. 2 -   √ � 3   35. θ = 90°

37. θ = 30° or 150° 

39.    204 _ 
253

  ; -  253 _ 
325

  ;   36 _ 
325

   

41a.  
⎡
 
 
 ⎢   

⎣
  0   
1

   
-1

   
0

  
⎤
 
 
 �   

⎦
   

⎡
 
 
 ⎢   

⎣
  -1

   
0

    
0
    

-1
  
⎤
 
 
 �   

⎦
 ;  

⎡
 

 
 ⎢   

⎣
   0

    
-1

   
1

   
0

  
⎤
 
 
 �   

⎦
 ;

b. P′(0, 0), Q′(-1, 1), R′(0, 4), 
S′(1, 1); PP(0, 0), QP(-1, -1), 
RP(-4, 0), SP(-1, 1); PQ(0, 0), 
QQ(1, -1), RQ(0, -4), SQ(-1, -1)
43a. 4.2; 3 b. y(t) = -4.2 cos   2π

 
_ 3  t 

c. 2.1 45. A′(-2.60, 1.5), 
B′(-2.96, 2.87), C′(-1.60, 3.23), 
D′(1, 1.73) 47. A′(1.50, 2.60), 
B′(2.87, 2.96), C′(3.23, 1.60), 
D′(1.73, -1) 49. A 51. A

57. 45° 59. 30° 61.   x - 1 _ 
x + 2

   

63. parabola 65.   1 __  
cos θ - co s  3  θ

  

67. si n  2  θ 

14-5

Check It Out! 1.   
4  √ � 2  

 _ 
7

  ; -  7 _ 
9

   

2a. Possible answer: 
co s  4  θ - si n  4  θ 
=  (co s  2  θ + si n  2  θ)(co s  2  θ - si n  2  θ)
= (1)(cos 2θ) = cos 2θ  

b. Possible answer: 

   2 tan θ
 

_ 
1 + ta n  2  θ

   =   
2 (  sin θ

 
____ 
cos θ

  ) 

 
_ 
se c  2  θ

  

 =   
2 (  sin θ

 
____ 
cos θ

  ) 

 
_ 

  1 _____ 
co s  2  θ

   
   ·   

 (  co s  2  θ
 

_____ 
1
  ) 
 _ 

 (  co s  2  θ
 

____ 
1
  ) 

  

 = 2 (  sin θ
 

_ 
cos θ

 )   (  
co s  2  θ

 
_ 

1
  ) 

 = 2 sin θ cos θ = sin 2θ  

3a.   √ 
���

   
1 +     

√ � 3   ___ 
2
  
 _ 

1 -     √ � 3   ___ 
2
  
     b. -    

√ ��� 2 -   √ � 2    
 _ 

2
   

4.     
√ � 5  

 _ 
5

  ;   
2  √ � 5  

 _ 
5

   

Exercises 1. -  120 _ 
169

  ; -  119 _ 
169

  ;   120 _ 
119

  

3. 2 cos 2θ = 2(2 co s  2  θ - 1) 
 = 4 co s  2  θ - 2 

5.   1 + cos 2θ
 

_ 
sin 2θ

   =   
1 + (2 co s  2  θ - 1)

  __  
(2 sin θ cos θ)

  

 =   2 co s  2  θ
 

__ 
2 sin θ cos θ

  

 =   cos θ
 

_ 
sin θ

   = cot θ

7.   
  √ ��� 2 -   √ � 2    

 _ 
2

   9.   √ 
����

   
2 +   √ � 2  

 _ 
2 -   √ � 2  

     

11.   4 _ 
5

  ; -  3 _ 
5

  ; -  4 _ 
3

   

13. -  336 _ 
625

  ; -  527 _ 
625

  ;   336 _ 
527

   

15.   sin 2θ
 

_ 
sin θ

   =   
(2 sin θ cos θ)

  __ 
sin θ

  

 = 2 cos θ 

17.   1 - cos 2θ
 

_ 
sin 2θ

   =   
1 - (1 - 2 si n  2  θ)

  __  
2 sin θ cos θ

  

 =   2 si n  2  θ
 

__ 
2 sin θ cos θ

  

 =   sin θ
 

_ 
cos θ

   = tan θ

19.   
  √ ��� 2 +   √ � 3    

 _ 
2

   21.   
  √ ��� 2 -   √ � 2    

 _ 
2

  

23.     
√ � 37  

 _ 
37

  ; -  6  √ � 37  
 _ 

37
  ; -  1 _ 

6
  

25. 3 sin θ co s  2  θ - si n  3  θ 
27. cos θ  (1 - 4 si n  2  θ)  29. 1 
31. 2 tan θ 33. sinθ 
35a. y(t) = 6.2 sin t cos t
b. about 0.66 s c. about 3.00 m

37.   4  √ � 5  
 _ 

9
  ;   1 _ 

9
  ; 4  √ � 5  ;   

  √ ���� 18 + 6  √ � 5    
 __ 

6
  ; 

-  
  √ ���� 18 - 6  √ � 5    

 __ 
6

  ; -  
  √ ��� 3 +   √ � 5    

 _ 
  √ ��� 3 -   √ � 5    

   

39. -  4 _ 
5

  ;   3 _ 
5

  ; -  4 _ 
3

  ;   √ 
����

   
5 - 2  √ � 5  

 _ 
10

    ;

-  √ 
����

   
5 + 2  √ � 5  

 _ 
10

    ; -  √ 
����

   
5 - 2  √ � 5  

 _ 
5 + 2  √ � 5  

     

41.   
  √ ��� 2 -   √ � 3    

 _ 
2

   43. -   
  √ ��� 2 -   √ � 3    

 _ 
2

  

49a. d(θ) =   
  v  0   2  sin 2θ

 
_ 

32
   

b. 100 ft; ≈ 173 ft; 200 ft; ≈ 173 ft; 
100 ft c. 45° d. 30.52° < θ < 59.48°
53. F 55. G 

59.   √ 
������

    
2 -   √ ��� 2 +   √ � 3    

  __  
2 +   √ ��� 2 +   √ � 3    

     

61.    1 _ 
2

    √ ������  2 -   √ ��� 2 +   √ � 3       

65. no 67.   5x + 12 _ 
x + 7

  ; x ≠ 7 

69.   2 x  2  - 30x - 20  __  
(x + 1)(x - 3)

  ; x ≠ 1, 3

71.     √ � 2   -   √ � 6  
 _ 

4
   73.     √ � 2   -   √ � 6  

 _ 
4
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14-6

Check It Out! 1. 150° + 360n°, 
210° + 360n° 2a. 0 b. ≈ 21.9°, ≈ 
158.1° 3a. 60°, 300° b. 90°, 210°, 
270°, 330° 4. late March and 
late September

Exercises 1. 60° + 360n°, 
300° + 360n° 3. 30° + 360n°, 
330° + 360n° 5. ≈ 74.5° or 285.5° 
7. π 9. 60° + 360n°, 300° + 360n°
11. 150° + 360n°, 210° + 360n°

13.   π 
_ 
3

  , π, or   5π
 

_ 
3

   15. 90°, 120°, 240°, 

270° 17a. 10:00 A.M. and 6:00 P.M. 
19. 30°, 150°, 270° 21. 30°, 90°, 
150° 23. 0°, 180°, 210°, 330° 25. π

27.   7π
 

_ 
6

  ,   11π
 

_ 
6

   29. no solution 

31. 0,   π 
_ 
3

  , π,   4π
 

_ 
3

   33a. ≈  π 
_ 
2

  ; 4 sets 

b. ≈   2π
 

_ 
5

  ; 5 sets 35. B is incorrect

37. x ≈ -4.165, -1.797, 1.395, 
5.464, 6.831 39. ≈ 84.8°, 
≈ 264.8° 41. 60°, 150°, 240°, 330° 
43. 38.5°, 141.5° 47. J 49. J 

51. θ ≈ 38.7° or 321.3°. 53. 90°, 270°, 
120°, 240°, 60°, 300° 55. 210°, 
330° 57. 30°, 150°, 210°, 330° 

59. 2  √ � 5  , 4. 
−− 47 ,   √ � 21  ,   19 _ 

4
  ,   π

 
_ 
0.65

   

61. -1 63. co s  2  θ 

Study Guide: Review
1. cycle 2. frequency 3. period 
4. phase shift 5. amplitude: 1; 
period:   2π

 
_ 
3

   6. amplitude: 1; 

period: 4π 7. amplitude:   1 _ 
3

  ; 

period: 2π 8. amplitude: 2; 
period: 2 9. amplitude:   1 _ 

2
  ; 

period: π 10. amplitude:   π 
_ 
2

  ; 

period: 2 11. x-intercepts:   π 
_ 
2

   + πn;

phase shift: π left 12. x-intercepts:
3π

 
_ 
4

   + πn; phase shift:   π 
_ 
4

   left 

13. x-intercepts:   π 
_ 
2

   + πn; phase 

shift:   3π
 

_ 
2

   right 14. x-intercepts: πn;

phase shift:   3π
 

_ 
2

   left 

15.

16. 24 h 17. 8.2; noon 18. period: 
π; x-intercepts: πn; asymptotes: 

  π 
_ 
2

   + πn 19. period: 1; x-intercepts:

n; asymptotes:   1 _ 
2

   + n 20. period: 2; 
x-intercepts: 2n; asymptotes: 
1 + 2n 21. period: π; x-intercepts:
   π 
_ 
2

   + πn; asymptotes: πn 

22. period: π; x-intercepts:   π 
_ 
2

   + πn;

asymptotes: πn 23. period: 1; 

x-intercepts:   1 _ 
2

   + n; asymptotes: n

24. period: 2π; asymptotes:   π 
_ 
2

   + πn

25. period: π; asymptotes:   π 
_ 
2

  n

26. period: 2π; asymptotes: πn 

27. period: 2π; asymptotes:   π 
_ 
2

   + πn

28. period: 2π; asymptotes:   π 
_ 
2

   + πn

29. period: 2π; asymptotes: π + πn

30. sec θ sin θ cot θ  

 =  (  1 _ 
cos θ

  )  sin θ  (  cos θ
 

_ 
sin θ

  ) 

 =  (  cos θ
 

_ 
cos θ

  )  (  
sin θ

 
_ 
sin θ

  )  = 1

31.   
si n  2 (-θ)

 _ 
tan θ

   =   
(-sin θ)(-sin θ)

  __ 
  sin θ

 
____ 
cos θ

  

  

 = (sin θ)(sin θ) (  cos θ
 

_ 
sin θ

  ) 

 = sin θ cos θ 

32. (sec θ + 1)(sec θ - 1) = se c  2  θ - 1
 = ta n  2  θ 

33. cos θ sec θ + co s  2  θ cs c  2  θ = 

 1 + co s  2  θ   1 _ 
si n  2  θ

  

 = 1 + co t  2  θ

 = cs c  2  θ 
34. (tan θ + cot θ ) 2  = 
 ta n  2  θ + 2tan θ cot θ + co t  2  θ 
 = ta n  2  θ + 2 + co t  2  θ
 = (ta n  2  θ + 1) + (1 + co t  2  θ)
 = se c  2  θ + cs c  2  θ

35. tan θ + cot θ =   sin θ
 

_ 
cos θ

   +   cos θ
 

_ 
sin θ

  

 =   si n  2  θ + co s  2  θ
  

__ 
sin θ cos θ

  

 =   1 _ 
sin θ cos θ

  

 = sec θ csc θ 

36. si n  2  θ tan θ = (1 - co s  2  θ)tan θ

 = tan θ - co s  2  tan θ

 = tan θ - co s  2  θ  (  sin θ_ 
cos θ

  ) 

 = tan θ - sin θ cos θ

37.   tan θ
 

_ 
1 - co s  2  θ

   =   
 (  sin θ

 
____ 
cos θ

  ) 

 
_ 
(si n  2  θ)

  

 =  (  sin θ
 

_ 
cos θ

  )  (  1 _ 
si n  2  θ

  ) 

 =  (  1 _ 
cos θ

  )  (  1 _ 
sin θ

  ) 

 = sec θ csc θ  

38. csc θ 39. ta n  2  θ 40. -ta n  2  θ 

41. sin θ 42.   -  √ � 2   -     √ � 6  
 __ 

4
   

43.   -  √ � 2   -   √ � 6  
 __ 

4
   44.     

√ � 6   +   √ � 2  
 _ 

4
   

45. 2 -   √ � 3   46. -  16 _ 
65

   47. -  63 _ 
65

   

48.   56 _ 
33

   49.   16 _ 
63

   50. -  56 _ 
65

   51. -  33 _ 
65

  

52.   36 - 5  √ � 7  
 _ 

52
   53.   -15 - 12  √ � 7  

  __ 
52

   

54.   5  √ � 7   + 36
 __ 

15 - 12  √ � 7  
   55.   5  √ � 7   - 36

 __ 
15 + 12  √ � 7  

   

56.   -36 - 5  √ � 7  
 __ 

52
   57.   -15 + 12  √ � 7  

  __ 
52

  

58. ≈  
⎡
 

 
 ⎢   

⎣
   0   
0

   
2.60

    
1.50

   
2.46

    
3.73

   
- 0.13

     
2.23

   
⎤
 
 
 �   

⎦
 

59. ≈  
⎡
 

 
 ⎢   

⎣
   0   
0

   
2.12

    
2.12

    
1.41

    
4.24

   
-0.71

     
2.12

   
⎤
 
 
 �   

⎦
  

60. ≈  
⎡
 

 
 ⎢   

⎣
   0   
0

    
1.5

    
2.60

   
0.27

    
4.46

   
-1.23

     
1.87

   
⎤
 
 
 �   

⎦
  

61.  
⎡
 

 
 ⎢   

⎣
   0   
0

   
0

   
3

   
-2

    
4

   
-2    

1
   
⎤
 
 
 �   

⎦
  

62. ≈  
⎡
 

 
 ⎢   

⎣
   0   
0

   
-4.23

     
3.33

   
-3.46

     
-2

     
0.77

     
- 5.33

   
⎤
 

 
 �   

⎦
  

63.  
⎡
 

 
 ⎢   

⎣
   0   
0

   
-5

    
-2

    
0
    

-4
    

5
    

-2
   
⎤
 
 
 �   

⎦
 

64. ≈  
⎡
 

 
 ⎢   

⎣
   0   
0

   
-0.77

     
-5.33

   
3.46

    
-2

   
4.23

    
3.33

   
⎤
 
 
 �   

⎦
 

65.  
⎡
 

 
 ⎢   

⎣
   0   
0

    
2
    

-5
   

4
   

0
   

2
   

5
   
⎤
 
 
 �   

⎦
  66.   24 _ 

25
   

67. -  7 _ 
25

   68.   1 _ 
2

   69.     
√ � 5  

 _ 
5

   70. -3  √ � 7   

71.   1 _ 
8

   72. -    √ � 14  
 _ 

4
   73.     

√ � 2  
 _ 

4
   

74.   
  √ ��� 2 -   √ � 3    

 _ 
2

   75.   
  √ ��� 2 -   √ � 3    

 _ 
2

   

76. 135° + 360n°, 225° + 360n°
77. 180° + 360n° 78. 0° + 180n°, 
135° + 180n° 79. 60° + 180n°,

120° + 180n° 80.   2π
 

_ 
3

  ,   4π
 

_ 
3

   

81. 0 82.   π 
_ 
2

  ,    3π
 

_ 
2

   83.   3π
 

_ 
2

   

84. 0,   2π
 

_ 
3

  ,  4π
 

_ 
3

   85.   π 
_ 
2

  ,   7π
 

_ 
6

  ,   3π
 

_ 
2

  ,   11π
 

_ 
6

   

86a. 900 min; late June b. 540 min; 
late December
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absolute value of a complex 
number (p. 382) The absolute 
value of a + bi is the distance from 
the origin to the point  (a, b)  in the 
complex plane and 
is denoted  ⎪a + bi⎥  =   √ ���  a  2  +  b  2   .

absolute value of a real 
number (p. 151) The absolute 
value of x is the distance from zero 
to x on a number line, denoted  ⎪x⎥ .

⎪x⎥  =  
⎧
 
 
 ⎨   

⎩
   x    
-x

   
if x ≥ 0

     
if x < 0

 

absolute-value function (p. 158) 
A function whose rule contains 
absolute-value expressions.

acute angle (p. 960) An angle that 
measures greater than 0° and less 
than 90°.

additive inverse of a matrix 
(p. 249) A matrix where each entry 
is the opposite of each entry in 
another matrix. Two matrices are 
additive inverses if their sum is the 
zero matrix.

address (p. 246) The location of an 
entry in a matrix, given by the row 
and column in which the entry 
appears. In matrix A, the address 
of the entry in row i and column j 
is  a  i j .

algebraic expression (p. 27) An 
expression that contains at least 
one variable.

amplitude (p. 991) The amplitude 
of a periodic function is half the 
difference of the maximum and 
minimum values (always positive).

valor absoluto de un número 
complejo El valor absoluto de a + bi 
es la distancia desde el origen hasta 
el punto  (a, b)  en el plano complejo 
y se expresa  ⎪a + bi⎥  =   √ ���  a  2  +  b  2   .

valor absoluto de un número real 
El valor absoluto de x es la distancia 
desde cero hasta x en una recta 
numérica y se expresa  ⎪x⎥ . 

⎪x⎥  =  
⎧
 
 
 ⎨   

⎩
   x    
-x

   
si x ≥ 0

     
si x < 0

 

función de valor absoluto Función 
cuya regla contiene expresiones de 
valor absoluto.

ángulo agudo Ángulo que mide más 
de 0° y menos de 90°.

inverso aditivo de una matriz Matriz 
en la cual cada entrada es el opuesto 
de cada entrada en otra matriz. Dos 
matrices son inversos aditivos si su 
suma es la matriz cero.

dirección Ubicación de una 
entrada en una matriz, indicada 
por la fila y la columna en las que 
aparece la entrada. En la matriz A, 
la dirección de la entrada de la fila 
i y la columna j es  a  i j .

expresión algebraica Expresión que 
contiene por lo menos una variable.

amplitud La amplitud de una 
función periódica es la mitad de la 
diferencia entre los valores máximo y 
mínimo (siempre positivos).

 ⎪2 + 3i⎥  =   √ ���  2  2  +  3  2    =   √ �� 13  

 ⎪3⎥  = 3
 ⎪-3⎥  = 3

 ⎡ 
 
 ⎢   ⎣   1   
0
   -2   

4
   ⎤ 
 
 �   ⎦  and  ⎡ 

 
 ⎢   ⎣   -1   

0
    2   

-4
   ⎤ 
 
 �   ⎦ 

are additive inverses.

In the matrix A =  ⎡ 
 
 ⎢   ⎣   2   
4
   

3
   

1
   ⎤ 
 
 �   ⎦ , 

the address of the entry 2 is  a  11 , 
the address of the entry 3 is  a  12 .

2x + 3y

amplitude =   1 _ 
2
    ⎡   ⎣ 3 -  (-3)  ⎤   ⎦  = 3

ENGLISH SPANISH EXAMPLES

KEYWORD: MB7 Glossary
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ángulo de depresión Ángulo 
formado por una recta horizontal y 
una línea visual a un punto inferior.

ángulo de elevación Ángulo 
formado por una recta horizontal y 
una línea visual a un punto superior.

ángulo de rotación Ángulo 
formado por un rayo en rotación, 
denominado lado terminal, y 
un rayo de referencia estático, 
denominado lado inicial.

arco Parte continua de un círculo 
formada por dos puntos del círculo 
denominados extremos y todos los 
puntos del círculo comprendidos 
entre éstos.

longitud de arco Distancia a lo largo 
de un arco medida en unidades 
lineales.

sucesión aritmética Sucesión cuyos 
términos sucesivos difieren en el 
mismo número distinto de cero d, 
denominado diferencia común.

serie aritmética Suma indicada 
de los términos de una sucesión 
aritmética.

asíntota Línea recta a la cual se 
aproxima una gráfica a medida que 
el valor de una variable se hace 
sumamente grande o pequeño.

matriz aumentada Matriz formada 
por los coeficientes y los términos 
constantes de un sistema de 
ecuaciones lineales.

eje de simetría Línea que divide una 
figura plana o una gráfica en dos 
mitades reflejadas congruentes.

angle of depression (p. 931) The 
angle formed by a horizontal line 
and a line of sight to a point below.

angle of elevation (p. 931) The 
angle formed by a horizontal 
line and a line of sight to a point 
above.

angle of rotation (p. 936) An angle 
formed by a rotating ray, called 
the terminal side, and a stationary 
reference ray, called the initial 
side.

arc (p. 943) An unbroken part of a 
circle consisting of two points on 
the circle, called the endpoints, 
and all the points on the circle 
between them.

arc length (p. 943) The distance 
along an arc measured in linear 
units.

arithmetic sequence (p. 879) 
A sequence whose successive 
terms differ by the same nonzero 
number d, called the common 
difference.

arithmetic series (p. 882) The 
indicated sum of the terms of an 
arithmetic sequence.

asymptote (p. 490) A line that a 
graph approaches as the value of a 
variable becomes extremely large 
or small.

augmented matrix (p. 287) 
A matrix that consists of the 
coefficients and the constant 
terms in a system of linear 
equations.

axis of symmetry (p. 323) A line 
that divides a plane figure or a 
graph into two congruent reflected 
halves.

4, 7, 10, 13, 16, ...
 + 3 + 3 + 3 + 3
d = 3

4 + 7 + 10 + 13 + 16 + ...

 System  Augmented 
 of equations matrix

  
 3x + 2y = 5

        
2x - 3y = 1

    ⎡ 
 
 ⎢   ⎣   3   
2
    2   

-3
    

5
   

1
   ⎤ 
 
 �   ⎦ 

m  R CD  = 5π ft
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base of a power (p. 34) The 
number in a power that is used as 
a factor.

base of an exponential 
function (p. 490) The value of b in 
a function of the form f (x)  = a b  x , 
where a and b are real numbers 
with a ≠ 0, b > 0, and b ≠ 1.

binomial (pp. 336, 406) A 
polynomial with two terms.

binomial experiment (p. 837) A 
probability experiment consists 
of n identical and independent 
trials whose outcomes are either 
successes or failures, with a 
constant probability of success p 
and a constant probability of failure 
q, where q = 1 - p or p + q = 1.

binomial probability (p. 838) 
In a binomial experiment, the 
probability of r successes 
(0 ≤ r ≤ n)  is P (r)  =    n  C  r  ·  p  r  q  n-r .

Binomial Theorem (p. 837) For any 
positive integer n, 
(x + y)  n  =    n  C  0   x  n   y  0  +    n  C  1   x  n-1   y  1  

+    n  C  2   x  n-2   y  2  + � +    n  C  n-1   x  1   y  n-1  
+    n  C  n   x  0   y  n 

boundary line (p. 124) A line that 
divides a coordinate plane into 
two half-planes.

box-and-whisker plot (p. 829) A 
method of showing how data is 
distributed by using the median, 
quartiles, and minimum and 
maximum values; also called a box 
plot.

branch of a hyperbola (p. 744) 
One of the two symmetrical parts 
of the hyperbola.

base de una potencia Número de 
una potencia que se utiliza como 
factor.

base de una función 
exponencial Valor de b en una 
función del tipo f (x)  = a b  x , donde 
a y b son números reales con a ≠ 0, 
b > 0, y b ≠ 1.

binomio Polinomio con dos 
términos.

experimento binomial Experimento 
de probabilidades que comprende n 
pruebas idénticas e independientes 
cuyos resultados son éxitos o 
fracasos, con una probabilidad 
constante de éxito p y una 
probabilidad constante de fracaso q, 
donde q = 1 - p o p + q = 1.

probabilidad binomial En 
un experimento binomial, la 
probabilidad de r éxitos  (0 ≤ r ≤ n)  
es P (r)  =    n  C  r  ·  p  r  q  n-r .

Teorema de los binomios Dado un 
entero positivo n, 
(x + y)  n  =    n  C  0   x  n   y  0  +    n  C  1   x  n-1   y  1  

+    n  C  2   x  n-2   y  2  + � +    n  C  n-1   x  1   y  n-1  
+    n  C  n   x  0   y  n 

línea de límite Línea que divide un 
plano cartesiano en dos semiplanos.

gráfica de mediana y rango 
Método para demostrar 
la distribución de datos 
utilizando la mediana, 
los cuartiles y los valores 
mínimos y máximos; 
también llamado gráfica 
de caja.

rama de una hipérbola Una de 
las dos partes simétricas de la 
hipérbola.

 3  4  = 3 · 3 · 3 · 3 = 81

base

f (x)  = 5  (2)  
x
 

base

x + y

2 a  2  + 3

4 m  3  n  2  + 6m n  4 

A multiple-choice quiz has 
10 questions with 4 answer 
choices. The number of trials is 
10. If each question is answered 
randomly, the probability of 
success for each trial is   1 __ 4   = 0.25 
and the probability of failure 
is   3 __ 4   = 0.75.

In the binomial experiment above, 
the probability of randomly 
guessing 6 problems correctly is

P =     10  C  6    (0.25)  6    (0.75)  4  ≈ 0.016.

  (x + 2)  4  =     4  C  0   x  4  2  0  +     4  C  1   x  3  2  1 

+     4  C  2   x  2  2  2  +     4  C  1   x  1  2  3  +     4  C  4   x  0  2  4 

  =  x  4  + 8 x  3  + 24 x  2  + 32x + 16

B
ENGLISH SPANISH EXAMPLES
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circle (p. 729) The set of points in 
a plane that are a fixed distance 
from a given point called the 
center of the circle.

circumference (p. 943) The 
distance around a circle.

closure (p. 15) A set of numbers 
is said to be closed, or to have 
closure, under a given operation if 
the result of the operation on any 
two numbers in the set is also in 
the set.

coefficient (p. 47) A number 
multiplied by a variable.

coefficient matrix (p. 271) The 
matrix of the coefficients of the 
variables in a linear system of 
equations.

coefficient of determination 
(p. 376) The number  R   2 , with 
0 ≤  R   2  ≤ 1, that shows the fraction 
of the data that are close to the 
curve of best fit and, thus, how 
well the curve fits the data.

combination (p. 796) A selection of 
a group of objects in which order 
is not important. The number of 
combinations of r objects chosen 
from a group of n objects is 
denoted     n  C  r .

combined variation (p. 572) A 
relationship containing both 
direct and inverse variation.

common difference (p. 879) In an 
arithmetic sequence, the nonzero 
constant difference of any term 
and the previous term.

common logarithm (p. 506) A 
logarithm whose base is 10, 
denoted lo g  10  or just log.

círculo Conjunto de puntos en 
un plano que se encuentran a 
una distancia fija de un punto 
determinado denominado centro 
del círculo.

circunferencia Distancia alrededor 
del círculo.

cerradura Se dice que un 
conjunto de números es cerrado, 
o tiene cerradura, respecto de 
una operación determinada, si el 
resultado de la operación entre dos 
números cualesquiera del conjunto 
también está en el conjunto.

coeficiente Número multiplicado 
por una variable.

matriz de coeficientes Matriz de los 
coeficientes de las variables en un 
sistema lineal de ecuaciones.

coeficiente de determinación 
El número  R   2 , con 0 ≤  R   2  ≤ 1, que 
muestra la fracción de los datos 
cercanos a la línea de mejor ajuste y, 
por lo tanto, cuánto se ajusta la línea 
de mejor ajuste a los datos.

combinación Selección de un 
grupo de objetos en la cual el orden 
no es importante. El número de 
combinaciones de r objetos elegidos 
de un grupo de n objetos se expresa 
así:    n  C  r .

variación combinada Relación que 
contiene variaciones directas e 
inversas.

diferencia común En una sucesión 
aritmética, diferencia constante 
distinta de cero entre cualquier 
término y el término anterior.

logaritmo común Logaritmo de 
base 10, que se expresa lo g  10  o 
simplemente log.

The natural numbers are closed 
under addition because the sum 
of two natural numbers is always 
a natural number.

In the expression 2x + 3y, 2 is 
the coefficient of x and 3 is the 
coefficient of y.

 System  Coefficient 
 of equations matrix

  
 2x + 3y = 11

         
5x - 4y = 16

     ⎡ 
 
 ⎢   ⎣   2   
5
    

3
   

-4
   ⎤ 
 
 �   ⎦ 

For 4 objects A, B, C, and D, 
there are     4  C  2  = 6 different 
combinations of 2 objects: 
AB, AC, AD, BC, BD, CD.

y =   kx _ z  , where k is the constant 

of variation

In the arithmetic sequence 
3, 5, 7, 9, 11, ..., the common 
difference is 2.

log 100 = lo g  10 100 = 2, 
since  10  2  = 100.

ENGLISH SPANISH EXAMPLES
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common ratio (p. 879) In a 
geometric sequence, the constant 
ratio of any term and the previous 
term.

complement of an event 
(p. 803) All outcomes in the 
sample space that are not in an 
event E, denoted   

− E .

completing the square (p. 342) A 
process used to form a perfect-
square trinomial. To complete the 

square of  x  2  + bx, add   (  b _ 
2

  )  
2

 .

complex conjugate (p. 352) The 
complex conjugate of any complex 
number a + bi, denoted −−−− a + bi , is a - bi.

complex fraction (p. 586) A 
fraction that contains one or more 
fractions in the numerator, the 
denominator, or both.

complex number (p. 351) Any 
number that can be written as 
a + bi, where a and b are real 
numbers and i =   √ �� -1  .

complex plane (p. 382) A set of 
coordinate axes in which the 
horizontal axis is the real axis and 
the vertical axis is the imaginary 
axis; used to graph complex 
numbers.

composite figure (p. 349) A plane 
figure made up of triangles, 
rectangles, trapezoids, circles, 
and other simple shapes, or a 
three-dimensional figure made 
up of prisms, cones, pyramids, 
cylinders, and other simple three-
dimensional figures.

composition of functions (p. 683) 
The composition of functions f 
and g, written as  (f  g)  (x)  and 
defined as f (g (x) )  uses the output 
of g (x)  as the input for f (x) .

compound event (p. 819) An event 
made up of two or more simple 
events.

razón común En una sucesión 
geométrica, la razón constante r 
entre cualquier término y el término 
anterior.

complemento de un suceso Todos 
los resultados en el espacio muestral 
que no están en el suceso E y se 
expresan   

− E .

completar el cuadrado Proceso 
utilizado para formar un trinomio 
cuadrado perfecto. Para completar el 
cuadrado de  x  2  + bx, hay que sumar 

   (  b _ 
2

  )  
2

 .

conjugado complejo El conjugado 
complejo de cualquier número 
complejo a + bi, expresado como  −−−− a + bi , es a - bi.

fracción compleja Fracción que 
contiene una o más fracciones en el 
numerador, en el denominador, o en 
ambos.

número complejo Todo número 
que se puede expresar como a + bi, 
donde a y b son números reales e 
i =   √ �� -1  .

plano complejo Conjunto de 
ejes cartesianos en el cual el eje 
horizontal es el eje real y el eje 
vertical es el eje imaginario; se 
utiliza para representar gráficamente 
números complejos.

figura compuesta Figura plana 
compuesta por triángulos, 
rectángulos, trapecios, círculos 
y otras formas simples, o figura 
tridimensional compuesta por 
prismas, conos, pirámides, cilindros 
y otras figuras tridimensionales 
simples.

composición de funciones La 
composición de las funciones f y g, 
expresada como  (f  g)  (x)  y definida 
como f (g (x) )  utiliza la salida de g (x)  
como la entrada para f (x) .

suceso compuesto Suceso 
formado por dos o más sucesos 
simples.

In the geometric sequence 32, 16, 
18, 4, 2 ..., the common ratio is   1 _ 

2
  .

In the experiment of rolling a 
number cube, the complement 
of rolling a 3 is rolling a 1, 2, 4, 
5, or 6.

 x  2  + 6x+ S

Add   (  6 _ 
2
  )  

2
  = 9.

 x  2  + 6x + 9
  (x + 3)  2   is a perfect square.

 
−−−− 4 + 3i  = 4 - 3i

 
−−−− 4 - 3i  = 4 + 3i

  
  1 _ 
2
  
 _ 

1 +   2 _ 
3
  
  

4 + 2i
5 + 0i = 5
0 - 7i = -7i

If f (x)  =  x  2  and g (x)  = x + 1, 
the composite function 
 (f  g)  (x)  =   (x + 1)  2 .

In the experiment of tossing a coin 
and rolling a number cube, the event 
of the coin landing heads and the 
number cube landing on 3.
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compression (p. 61) A 
transformation that pushes the 
points of a graph horizontally 
toward the y-axis or vertically 
toward the x-axis.

conditional probability (p. 812) 
The probability of event B, given 
that event A has already occurred 
or is certain to occur, denoted 
P (B T A) ; used to find probability of 
dependent events.

congruent (p. 60) Having the same 
size and shape, denoted 
by �.

conic section (p. 722) A plane 
figure formed by the intersection 
of a double right cone and a plane. 
Examples include circles, ellipses, 
hyperbolas, and parabolas.

conjugate axis (p. 744) The axis 
of symmetry of a hyperbola that 
separates the two branches of the 
hyperbola.

conjunction (p. 150) A compound 
statement that uses the word and.

consistent system (p. 183) A 
system of equations or inequalities 
that has at least one solution.

constant function (p. 67) A 
function of the form f (x)  = c, 
where c is a constant.

constant matrix (p. 279) The 
matrix of the constants in a linear 
system of equations.

constant of variation (p. 569) 
The constant k in direct, inverse, 
joint, and combined variation 
equations.

compresión Transformación que 
desplaza los puntos de una gráfica 
horizontalmente hacia el eje y o 
verticalmente hacia el eje x.

probabilidad condicional 
Probabilidad del suceso B, dado 
que el suceso A ya ha ocurrido o 
es seguro que ocurrirá, expresada 
como P (B T A) ; se utiliza para 
calcular la probabilidad de sucesos 
dependientes.

congruente Que tiene el mismo 
tamaño y forma, expresado por �.

sección cónica Figura plana formada 
por la intersección de un cono 
regular doble y un plano. Algunos 
ejemplos son círculos, elipses, 
hipérbolas y parábolas.

eje conjugado Eje de simetría de 
una hipérbola que separa las dos 
ramas de la hipérbola.

conjunción Enunciado compuesto 
que contiene la palabra y.

sistema consistente Sistema de 
ecuaciones o desigualdades que 
tiene por lo menos una solución.

función constante Función del tipo  
f (x)  = c, donde c es una constante.

matriz de constantes Matriz de las 
constantes de un sistema lineal de 
ecuaciones.

constante de variación La constante 
k en ecuaciones de variación directa, 
inversa, conjunta y combinada. 

3 is less than 5 AND greater than 0.

 
⎧
 
 
 ⎨   

⎩
   
 x + y = 6

      
x - y = 4

  

solution:  (5, 1) 

 System Constant
 of equations matrix

 
⎧
 
 
 ⎨   

⎩
     2x + 3y = 11

         
5x - 4y = 16

    ⎡ 
 
 ⎢   ⎣   11   
16

   ⎤ 
 
 �   ⎦ 

y = 5x

constant of variation

Circle Ellipse Parabola Hyperbola

  
−− PQ  �   

−− RS 
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constant term (p. 28, 569) A term 
in a function or expression that 
does not contain variables.

constraint (p. 205) One of the 
inequalities that define the 
feasible region in a linear-
programming problem.

continuous data (p. 846) Data 
that can take on any real-value 
measurement within an interval.

continuous function (p. 593) 
A function whose graph is an 
unbroken line or curve with no 
gaps or breaks.

contradiction (p. 92) An equation 
that has no solutions.

converge (p. 900) An infinite 
series converges when the partial 
sums approach a fixed number.

conversion factor (p. S57) The 
ratio of two equal quantities, each 
measured in different units.

correlation (p. 142) A measure of 
the strength and direction of the 
relationship between two variables 
or data sets.

término constante Término de una 
función o expresión que no contiene 
variables.

restricción Una de las desigualdades 
que definen la región factible en un 
problema de programación lineal.

datos continuos Datos obtenidos 
por medición que pueden asumir 
cualquier valor real dentro de un 
intervalo.

función continua Función cuya 
gráfica es una línea recta o 
curva continua, sin espacios ni 
interrupciones.

contradicción Ecuación que 
no tiene soluciones.

convergir Una sucesión o 
serie infinita converge cuando 
las sumas parciales se aproximan 
a un número fijo.

factor de conversión Razón entre 
dos cantidades iguales, cada una 
medida en unidades diferentes.

correlación Medida de la 
fuerza y dirección de la 
relación entre dos variables 
o conjuntos de datos.

Constraints: Feasible region
x > 0
y > 0
x + y ≤ 8
3x + 5y ≤ 30

f (x)  = 3x + 5

Constant term

The quantity of water in a 
glass as the water evaporates is 
continuous data.

 x + 1 = x
 1 = 0 U

  1 _ 
2
   +   1 _ 

4
   +   1 _ 

8
   +   1 _ 

16
   + … converges to 1.

  12 inches _ 
1 foot
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correlation coefficient (p. 143) A 
number r, where -1 ≤ r ≤ 1, that 
describes how closely the points 
in a scatter plot cluster around the 
least-squares line.

cosecant (p. 932) In a right 
triangle, the cosecant of angle A 
is the ratio of the length of the 
hypotenuse to the length of the 
side opposite A. It is the reciprocal 
of the sine function.

cosine (p. 929) In a right triangle, 
the cosine of angle A is the ratio 
of the length of the side adjacent 
to angle A to the length of the 
hypotenuse. It is the reciprocal of 
the secant function.

cotangent (p. 932) In a right 
triangle, the cotangent of angle A 
is the ratio of the length of the side 
adjacent to A to the length of the 
side opposite A. It is the reciprocal 
of the tangent function.

coterminal angles (p. 937) Two 
angles in standard position with 
the same terminal side.

counterexample (p. 903) An 
example that proves that a 
conjecture or statement is false.

co-vertices of a hyperbola (p. 744) 
The endpoints of the conjugate 
axis.

co-vertices of an ellipse (p. 736) 
The endpoints of the minor axis.

coeficiente de correlación 
Número r, donde -1 ≤ r ≤ 1, que 
describe a qué distancia de la recta 
de mínimos cuadrados se agrupan 
los puntos de un diagrama de 
dispersión.

cosecante En un triángulo 
rectángulo, la cosecante del ángulo 
A es la razón entre la longitud de la 
hipotenusa y la longitud del cateto 
opuesto a A. Es la inversa de la 
función seno.

coseno En un triángulo rectángulo, 
el coseno del ángulo A es la 
razón entre la longitud del cateto 
adyacente al ángulo A y la longitud 
de la hipotenusa. Es la inversa de la 
función secante.

cotangente En un triángulo 
rectángulo, la cotangente del ángulo 
A es la razón entre la longitud del 
cateto adyacente a A y la longitud del 
cateto opuesto a A. Es la inversa de 
la función tangente.

ángulos coterminales Dos ángulos 
en posición estándar con el mismo 
lado terminal.

contraejemplo Ejemplo que 
demuestra que una conjetura o 
enunciado es falso.

co-vértices de una 
hipérbola Extremos de un eje 
conjugado.

co-vértices de una elipse Extremos 
del eje menor.

An r-value close to 1 describes a 
strong positive correlation.

An r-value close to 0 describes 
a weak correlation or no 
correlation.

An r-value close to -1 describes 
a strong negative correlation.

csc A =   
hypotenuse

  __ 
opposite

   =   1 _ 
sin A

  

cos A =   
adjacent

 __  
hypotenuse

   =   1 _ 
sec A

  

cot A =   
adjacent

 _ 
opposite

   =   1 _ 
tan A
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Cramer’s rule (p. 271) A method of 
solving systems of linear equations 
by using determinants.

critical values (p. 367) Values that 
separate the number line into 
intervals that either contain solutions 
or do not contain solutions.

cross products (p. 97) In the 

statement   a _ 
b

   =   c _ 
d

  , bc and ad are 

the cross products.

cube-root function (p. 619) The 
function f (x)  =   3 √ � x  .

cubic function (p. 67) A 
polynomial function of degree 3.

cycle of a periodic function 
(p. 990) The shortest repeating part 
of a periodic graph or function.

decay factor (p. 481) The base 
1 - r in an exponential expression.

degenerate conic (p. 728) A 
degenerate conic is formed when 
a plane passes through the vertex 
of a hollow double cone. A point, 
a line, and a pair of intersecting 
lines are all degenerate conics.

degree of a monomial (p. 406) 
The sum of the exponents of the 
variables in the monomial.

degree of a polynomial (p. 406) 
The degree of the term of the 
polynomial with the greatest 
degree.

regla de Cramer Método 
para resolver sistemas de 
ecuaciones lineales utilizando 
determinantes.

valores críticos Valores que separan 
la recta numérica en intervalos 
que contienen o no contienen 
soluciones.

productos cruzados En el 

enunciado   a _ 
b

   =   c _ 
d

  , bc y ad son los 

productos cruzados.

función de raíz cúbica La función  
f (x)  =   3 √ � x  .

función cúbica Función polinomial 
de grado 3.

ciclo de una función periódica La 
parte repetida más corta de una 
gráfica o función periódica.

factor decremental Base 1 - r 
en una expresión exponencial.

cónica degenerada Una cónica 
degenerada se forma cuando un 
plano atraviesa el vértice de un 
cono doble hueco. Un punto, una 
línea y un par de líneas secantes son 
cónicas degeneradas.

grado de un monomio Suma de 
los exponentes de las variables del 
monomio.

grado de un polinomio 
Grado del término del 
polinomio con el 
grado máximo.

For the system  
⎧ 
 
 ⎨   

⎩
  
x - y = 3

        
2x - y = -1

  ,

D =  ⎪ 1   
2
   -1   

-1
 ⎥  = 1 (-1)  - 2 (-1)  = 1

x =   

 ⎪  c  1    
 c  2 

   
 b  1    
 b  2 

 ⎥ 
 _ 

D
   =   

 ⎪  3
   

-1
   -1   

-1
 ⎥ 
 _ 

1
   =   -3 - 1 _ 

1
   = -4

y =   

 ⎪  a  1    
 a  2 

   
 c  1    
 c  2 

 ⎥ 
 _ 

D
   =   

 ⎪ 1   
2
    

3
   

-1
 ⎥ 
 _ 

1
   =   -1 - 6 _ 

1
   = -7

  1 _ 
2
   =   3 _ 

6
  

Cross products: 2 • 3 = 6 and 
1 • 6 = 6

f(x) = x

 2 (0.93)  t 

decay factor (representing 1 - 0.07)

A point is a circle with no radius.

4 x  2  y  5  z  3  Degree: 2 + 5 + 3 = 10
5 Degree: 0  (5 = 5 x  0 ) 

 3 x  2  y  2    +   4x y  5   -  12 x  3  y  2   Degree 6

 Degree 4 Degree 6 Degree 5

D
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dependent events (p. 812) 
Events for which the occurrence 
or nonoccurrence of one event 
affects the probability of the other 
event.

dependent system (p. 184) A 
system of equations that has 
infinitely many solutions.

dependent variable (p. 52) The 
output of a function; a variable 
whose value depends on the value 
of the input, or independent 
variable.

determinant (p. 270) A real 
number associated with a square 
matrix. The determinant of 

A =  ⎡ 
 
 ⎢   ⎣   a   
c
    

b
   

d
   ⎤ 
 
 �   ⎦  is  ⎪A⎥ = ad - bc.

difference of two squares 
(p. 336) A polynomial of the form  
a  2  -  b  2 , which may be written as 
the product  (a + b)  (a - b) .

dimensions of a matrix (p. 246) A 
matrix with m rows and n columns 
has dimensions m × n, read “m 
by n.”

direct variation (p. 569) A 
linear relationship between two 
variables, x and y, that can be 
written in the form y = kx, where k 
is a nonzero constant.

directrix (p. 751) A fixed line used 
to define a parabola. Every point 
on the parabola is equidistant 
from the directrix and a fixed 
point called the focus.

discontinuous function (p. 593) A 
function whose graph has one or 
more jumps, breaks, or holes.

discrete data (p. 846) Data that 
cannot take on any real-value 
measurement within an interval.

sucesos dependientes Dos sucesos 
son dependientes si el hecho de que 
uno de ellos se cumpla o no afecta la 
probabilidad del otro.

sistema dependiente Sistema de 
ecuaciones que tiene infinitamente 
muchas soluciones.

variable dependiente Salida de una 
función; variable cuyo valor depende 
del valor de la entrada, o variable 
independiente.

determinante Número real asociado 
con una matriz cuadrada. El 
determinante de 

A =  ⎡ 
 
 ⎢   ⎣   a   
c
    

b
   

d
   ⎤ 
 
 �   ⎦  es  ⎪A⎥ = ad - bc.

diferencia de dos 
cuadrados Polinomio del tipo 
a  2  -  b  2 , que se puede expresar como 
el producto   (a + b)  (a - b) .

dimensiones de una matriz 
Una matriz con m filas y n 
columnas tiene dimensiones 
m × n, expresadas “m por n”.

variación directa Relación lineal 
entre dos variables, x e y, que puede 
expresarse en la forma y = kx, donde 
k es una constante distinta de cero.

directriz Línea fija utilizada para 
definir una parábola. Cada punto 
de la parábola es equidistante 
de la directriz y de un punto fijo 
denominado foco.

función discontinua  Función cuya 
gráfica tiene uno o más saltos, 
interrupciones u hoyos.

datos discretos Datos que no 
admiten cualquier medida de valores 
reales dentro de un intervalo.

From a bag containing 3 red 
marbles and 2 blue marbles, 
drawing a red marble, and then 
drawing a blue marble without 
replacing the first marble.

 
⎧
 
 
 ⎨   

⎩
  
x + y = 3 

        
2x + 2y = 6

 

y = 2x + 1

dependent variable.

 ⎪ 2   
3
   -1   

4
 ⎥  = 2 (4)  -  (-1)  (3)  = 11

 x  2  - 4 =  (x + 2)  (x - 2) 

 ⎡ 
 
 ⎢   ⎣   -3

   
4
   2   

0
    1   

-5
   -1   

2
   ⎤ 
 
 �   ⎦  Dimensions 2 × 4

the number of pennies in a jar 
over time

y = 2x
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discriminant (p. 357) The 
discriminant of the quadratic 
equation a x  2  + bx + c = 0 is 
b  2  - 4ac.

disjunction (p. 150) A compound 
statement that uses the word or.

Distance Formula (p. 724) In a 
coordinate plane, the distance 
from  ( x  1 ,  y  1 )  to  ( x  2 ,  y  2 )  is 

d =   √ ���������    ( x  2  -  x  1 )  2  +   ( y  2  -  y  1 )  2   .

diverge (p. 900) An infinite series 
diverges when the partial sums do 
not approach a fixed number.

domain (p. 44) The set of all 
possible input values of a relation 
or function.

element of a set (p. 6) An item in 
a set.

elimination (p. 191) A method used 
to solve systems of equations in 
which one variable is eliminated by 
adding or subtracting two equations 
of the system.

ellipse (p. 736) The set of all 
points P in a plane such that the 
sum of the distances from P to two 
fixed points  F  1  and  F  2 , called the 
foci, is constant.

empty set (p. 6, 153) A set with no 
elements.

end behavior (p. 453) The trends 
in the y-values of a function as the 
x-values approach positive and 
negative infinity.

entry (p. 246) Each value in a 
matrix; also called an element.

discriminante El discriminante 
de la ecuación cuadrática 
a x  2  + bx + c = 0 es  b  2  - 4ac.

disyunción Enunciado compuesto 
que contiene la palabra o. 

Fórmula de distancia En un plano 
cartesiano, la distancia desde  ( x  1 ,  y  1 )  
hasta  ( x  2 ,  y  2 )  es 

d =   √ ���������    ( x  2  -  x  1 )  2  +   ( y  2  -  y  1 )  2   .

divergir Una serie infinita diverge 
cuando las sumas parciales no se 
aproximan a un número fijo.

dominio Conjunto de todos 
los posibles valores de entrada 
de una función o relación.

elemento de un 
conjunto Componente 
de un conjunto.

eliminación Método utilizado para 
resolver sistemas de ecuaciones 
por el cual se elimina una variable 
sumando o restando dos ecuaciones 
del sistema.

elipse Conjunto de todos los puntos 
P de un plano tal que la suma de 
las distancias desde P hasta los dos 
puntos fijos  F  1  y  F  2 , denominados 
focos, es constante.

conjunto vacío Conjunto sin 
elementos.

comportamiento extremo Tendencia 
de los valores de y de una función 
a medida que los valores de x se 
aproximan al infinito positivo y 
negativo.

entrada Cada valor de una matriz; 
también denominado elemento.

The discriminant of 2 x  2  - 5x - 3 
is   (-5)  2 - 4 (2)  (-3)  = 25 + 24 = 49.

John will walk to work OR he 
will stay home.

The distance from  (2, 1)  to  (6, 4)  is 

 d =   √ ��������    (6 - 2)  2  +   (4 - 1)  2   

 =   √ ���  4  2  +  3  2    =   √ ��� 9 + 16   = 5.

1 + 2 + 4 + 8 + 16 + … diverges.

The domain of the function f (x)  =   √ � x  

is  
⎧ 
 
 ⎨   

⎩
 x | x ≥ 0 

⎫ 
 
 ⎬   

⎭
 .

4 is an element of the set of even numbers.

4 ∈  
⎧ 
 
 ⎨   

⎩
 even numbers 

⎫ 
 
 ⎬   

⎭
 

The solution set of  ⎪x⎥  < 0 is the 

empty set,  
⎧ 
 
 ⎨   

⎩
   

⎫ 
 
 ⎬   

⎭
 , or ∅.

End behavior:  f (x)  → ∞ as x → ∞
f (x)  → -∞ as x → -∞

3 is the entry in the first row and 
second column of 

A =  ⎡ 
 
 ⎢   ⎣   2   
0
   

3
   

1
   ⎤ 
 
 �   ⎦ , denoted  a  12 .

E
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equally likely outcomes (p. 802) 
Outcomes are equally likely if 
they have the same probability of 
occurring. If an experiment has n 
equally likely outcomes, then the 
probability of each outcome is   1 _ n  .

equation (p. 90) A mathematical 
statement that two expressions are 
equivalent.

evaluate (p. 28) To find the value 
of an algebraic expression by 
substituting a number for each 
variable and simplifying by using 
the order of operations.

event (p. 802) An outcome or 
set of outcomes in a probability 
experiment.

expected value (p. 828) The 
weighted average of the numerical 
outcomes of a probability 
experiment.

experiment (p. 805) An operation, 
process, or activity in which 
outcomes can be used to estimate 
probability.

experimental probability (p. 805) 
The ratio of the number of times 
an event occurs to the number of 
trials, or times, that an activity is 
performed.

explicit formula (p. 863) A formula 
that defines the nth term  a  n , or 
general term, of a sequence as a 
function of n.

exponent (p. 34) The number that 
indicates how many times the 
base in a power is used as a factor.

exponential decay (p. 490) An 
exponential function of the form 
f (x)  = a b  x  in which 0 < b < 1. 
If r is the rate of decay, then the 
function can be written 
y = a  (1 - r)  t , where a is the initial 
amount and t is the time.

resultados igualmente probables Los 
resultados son igualmente probables 
si tienen la misma probabilidad de 
ocurrir. Si un experimento tiene n 
resultados igualmente probables, 
entonces la probabilidad de cada 
resultado es   1 _ n  .

ecuación Enunciado matemático 
que indica que dos expresiones son 
equivalentes.

evaluar Calcular el valor de una 
expresión algebraica sustituyendo 
cada variable por un número y 
simplificando mediante el orden de 
las operaciones.

suceso Resultado o conjunto de 
resultados en un experimento de 
probabilidad.

valor esperado 
Promedio ponderado 
de los resultados 
numéricos de un 
experimento 
de probabilidad.

experimento Una operación, 
proceso o actividad cuyo resultado 
se puede usar para estimar la 
probabilidad. 

probabilidad experimental 
Razón entre la cantidad de 
veces que ocurre un suceso 
y la cantidad de pruebas, o 
veces, que se realiza una 
actividad.

fórmula explícita Fórmula que 
define el enésimo término  a  n , o 
término general, de una sucesión 
como una función de n.

exponente Número que indica la 
cantidad de veces que la base de una 
potencia se utiliza como factor.

decremento exponencial Función 
exponencial del tipo f (x)  = a b  x  
en la cual 0 < b < 1. Si r es la tasa 
decremental, entonces la función se 
puede expresar como y = a  (1 - r)  t , 
donde a es la cantidad inicial y t es el 
tiempo.

If a coin is tossed, and heads and 
tails are equally likely, then 
P (heads)  = P (tails)  =   1 _ 

2
  .

x + 4 = 7
2 + 3 = 6 - 1
  (x - 1)  2  +   (y + 2)  2  = 4

Evaluate 2x + 7 for x = 3.
 2x + 7

2 (3)  + 7
 6 + 7

 13

In the experiment of rolling a 
number cube, the event “an 
odd number” consists of the 
outcomes 1, 3, and 5.

The table shows the probability of getting a given 
score by guessing on a three-question quiz.

Score 0 1 2 3

Probability 0.42 0.42 0.14 0.02

The expected value is a score of
0 (0.42)  + 1 (0.42)  + 2 (0.14)  + 3 (0.02)  = 0.76.

Tossing a coin 10 times and 
noting the number of heads.

Kendra made 6 of 10 free throws. The 
experimental probability that she will make 
her next free throw is

P (free throw)  =   number made  __  
number attempted

   =   6 _ 
10

  .

Sequence: 4, 7, 10, 13, 16, 19, …

Explicit formula:  a  n  = 1 + 3n

 3  4  = 3 • 3 • 3 • 3 = 81

 exponent

y = 3  (  1 _ 
2
  )  

x
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exponential equation (p. 522) 
An equation that contains one or 
more exponential expressions.

exponential function (p. 490) A 
function of the form f (x)  = a b  x , 
where a and b are real numbers 
with a ≠ 0, b > 0, and b ≠ 1.

exponential growth (p. 490) An 
exponential function of the form 
f (x)  = a b  x  in which b > 1. If r is the 
rate of growth, then the function 
can be written y = a  (1 + r)  t , 
where a is the initial amount 
and t is the time.

exponential regression (p. 546) A 
statistical method used to fit an 
exponential model to a given data 
set.

extraneous solution (p. 524, 600) A 
solution of a derived equation that 
is not a solution of the original 
equation.

Factor Theorem (p. 430) For any 
polynomial P (x) ,  (x - a)  is a factor 
of P (x)  if and only if P (a)  = 0.

factorial (p. 795) If n is a positive 
integer, then n factorial, written n!, 
is n ·  (n - 1)  ·  (n - 2)  · ... · 2 · 1. The 
factorial of 0 is defined to be 1.

factoring (p. 334) The process 
of writing a number or algebraic 
expression as a product.

family of functions (p. 67) A set 
of functions whose graphs have 
basic characteristics in common. 
Functions in the same family are 
transformations of their parent 
function.

ecuación exponencial Ecuación que 
contiene una o más expresiones 
exponenciales.

función exponencial Función del 
tipo f (x)  = a b  x , donde a y b son 
números reales con a ≠ 0, b > 0 y 
b ≠ 1.

crecimiento exponencial Función 
exponencial del tipo f (x)  = a b  x  
en la que b > 1. Si r es la tasa de 
crecimiento, entonces la función se 
puede expresar como y = a  (1 + r)  t , 
donde a es la cantidad inicial y t es 
el tiempo.

regresión exponencial Método 
estadístico utilizado para ajustar un 
modelo exponencial a un conjunto 
de datos determinado.

solución extraña Solución de una 
ecuación derivada que no es una 
solución de la ecuación original.

Teorema del factor Dado el 
polinomio P (x) ,  (x - a)  es un factor 
de P (x)  si y sólo si P (a)  = 0. 

factorial Si n es un entero positivo, 
entonces el factorial de n, expresado 
como n!, es n ·  (n - 1)  ·  (n - 2)  · ... · 
2 · 1. Por definición, el factorial de 0 
será 1. 

factorización Proceso por el que 
se expresa un número o expresión 
algebraica como un producto.

familia de funciones 
Conjunto de funciones 
cuyas gráficas tienen 
características básicas 
en común. Las funciones 
de la misma familia son 
transformaciones de su 
función madre.

 2  x + 1  = 8

To solve   √ � x   = -2, square both 
sides; x = 4.

Check   √ � 4   = -2 is false; so 4 is an 
extraneous solution.

 (x - 1)  is a factor of P (x)  =  x  2  - 1 
because P (1)  =  1  2  - 1 = 0.

7! = 7 · 6 · 5 · 4 · 3 · 2 · 1 = 5040
0! = 1

 x  2  - 4x - 21 =  (x - 7)  (x + 3) 

Some members of the family of quadratic 
functions with the parent function 
f (x)  =  x  2  are:

f (x)  = 3 x  2   f (x)  =  x  2 + 1  f (x)  =   (x - 2)  2 

F
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favorable outcome (p. 802) The 
occurrence of one of several 
possible outcomes of a specified 
event or probability experiment.

feasible region (p. 205) The set of 
points that satisfy the constraints 
in a linear-programming problem.

Fibonacci sequence (p. 862) The 
infinite sequence of numbers 
beginning with 1, 1 such that 
each term is the sum of the two 
previous terms.

finite sequence (p. 862) A sequence 
with a finite number of terms.

finite set (p. 7) A set with a 
definite, or finite, number of 
elements.

first differences (p. 105) The 
differences between y-values of a 
function for evenly spaced 
x-values.

first quartile (p. 829) The median 
of the lower half of a data set, 
denoted  Q  1 . Also called lower 
quartile.

focus (pl. foci) of a hyperbola 
(p. 744) One of two fixed points  F  1  
and  F  2  that are used to define a 
hyperbola. For every point P on the 
hyperbola, P F  1  - P F  2  is constant.

focus (pl. foci) of an ellipse 
(p. 736) One of two fixed points  F  1  
and  F  2  that are used to define an 
ellipse. For every point P on the 
ellipse, P F  1  + P F  2  is constant.

focus (pl. foci) of a parabola 
(p. 751) A fixed point F used with a 
directrix to define a parabola.

frequency of a data value (p. 828) 
The number of times the value 
appears in the data set.

resultado favorable Cuando se 
produce uno de varios resultados 
posibles de un suceso específico o 
experimento de probabilidad.

región factible Conjunto 
de puntos que cumplen 
con las restricciones de un 
problema de programación 
lineal.

sucesión de Fibonacci Sucesión 
infinita de números que comienza 
con 1, 1 de forma tal que cada 
término es la suma de los dos 
términos anteriores. 

sucesión finita Sucesión con un 
número finito de términos.

conjunto finito Conjunto con un 
número de elementos definido o 
finito.

primeras diferencias Diferencias 
entre los valores de y de una 
función para valores de x 
espaciados uniformemente.

primer cuartil Mediana de 
la mitad inferior de un 
conjunto de datos, 
expresada como  Q  1 . También 
se llama cuartil inferior.

foco de una hipérbola Uno de los 
dos puntos fijos  F  1  y  F  2  utilizados 
para definir una hipérbola, Para cada 
punto P de la hipérbola, P F  1  - P F  2  es 
constante.

foco de una elipse Uno de los dos 
puntos fijos  F  1  y  F  2  utilizados para 
definir una elipse. Para cada punto P 
de la elipse, P F  1  + P F  2  es constante.

foco de una parábola Punto fijo 
F utilizado con una directriz para 
definir una parábola.

frecuencia de un valor de datos 
Cantidad de veces que aparece el 
valor en un conjunto de datos.

Constraints: Feasible region
x > 0 
y > 0 
x + y ≤ 8

3x + 5y ≤ 30

1, 1, 2, 3, 5, 8, 13, 21, …

1, 2, 3, 4, 5

 
⎧ 
 
 ⎨   

⎩
  2, 4, 6, 8, 10  ⎫ 

 
 ⎬   

⎭
 

x 0 1 2 3

y 3 7 11 15

first differences +4 +4 +4

Lower half  Upper half

18, 23, 28, 49, 36, 42

 First quartile

In the data set 5, 6, 6, 6, 8, 9, 
the data value 6 has a frequency 
of 3.

In the experiment of rolling an 
odd number on a number cube, 
the favorable outcomes are 
1, 3, and 5.
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frequency of a periodic 
function (p. 992) The number of 
cycles per unit of time. Also the 
reciprocal of the period.

function (p. 45) A relation in 
which every input is paired with 
exactly one output.

function notation (p. 51) If x is 
the independent variable and y is 
the dependent variable, then the 
function notation for y is f (x) , 
read “f of x,” where f names the 
function.

function rule (p. 53) An algebraic 
expression that defines a function.

Fundamental Counting 
Principle (p. 794) For n items, if 
there are  m  1  ways to choose a first 
item,  m  2  ways to choose a second 
item after the first item has been 
chosen, and so on, then there are  
m  1  ·  m  2  · ... ·  m  n  ways to choose 
n items.

general form of a conic section 
(p. 761) A x  2  + Bxy + C y  2  + Dx + 
Ey + F = 0, where A and B are not 
both 0.

geometric mean (p. 892) In a 
geometric sequence, a term 
that comes between two given 
nonconsecutive terms of the 
sequence. For positive numbers a 
and b, the geometric mean is 
√ �� ab  .

geometric probability (p. 804) A 
form of theoretical probability 
determined by a ratio of geometric 
measures such as lengths, areas, 
or volumes.

frecuencia de una función 
periódica Cantidad de ciclos por 
unidad de tiempo. También es la 
inversa del periodo.

función Una relación en 
la que cada entrada 
corresponde exactamente 
a una salida.

notación de función Si x es la 
variable independiente e y es la 
variable dependiente, entonces la 
notación de función para y es f (x) , 
que se lee “f de x”, donde f nombra 
la función.

regla de función Expresión 
algebraica que define una función.

Principio fundamental de 
conteo Dados n elementos, si 
existen  m  1  formas de elegir un 
primer elemento,  m  2  formas de 
elegir un segundo elemento después 
de haber elegido el primero, y así 
sucesivamente, entonces existen 
m  1  ·  m  2  · ... ·  m  n  formas de elegir 
n elementos.

forma general de una sección 
cónica A x  2  + Bxy + C y  2  + Dx + Ey + 
F = 0, donde A y B no son los dos 0.

media geométrica En una sucesión 
geométrica, un término que se 
encuentra entre dos términos no 
consecutivos dados de la sucesión. 
Dados los números positivos a y b, la 
media geométrica es   √ �� ab  .

probabilidad geométrica Una 
forma de la probabilidad teórica 
determinada por una razón de 
medidas geométricas, como 
longitud, área o volumen. 

The function y = sin  (2x)  has a 
period of π and a frequency of   1 _ 

π
  .

equation: y = 2x

function notation: f (x)  = 2x

f (x)  = 2 x  2  + 3x - 7

function rule

If there are 4 colors of shirts, 
3 colors of pants, and 2 colors of 
shoes, then there are 
4 · 3 · 2 = 24 possible outfits.

A circle with a vertex at  (1, 2)  
and radius 3 has the general 
form  x  2  +  y  2  - 2x - 4y - 4 = 0.

The geometric mean of 4 and 9 

is   √ �� 4 (9)    =   √ �� 36   = 6.

G

The probability of the pointer 

landing on red is   2 _ 
9
  .
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geometric sequence (p. 890) A 
sequence in which the ratio of 
successive terms is a constant r, 
called the common ratio, where 
r ≠ 0 and r ≠ 1.

geometric series (p. 893) The 
indicated sum of the terms of a 
geometric sequence.

glide reflection (p. 261) A 
composition of a translation and a 
reflection across a line parallel to 
the translation vector.

grade (p. 102) A measure of the 
steepness of surfaces, expressed as 
a percent.

greatest common factor (GCF) 
(p. 331) The product of the 
greatest integer and the greatest 
power of each variable that divides 
evenly into each term.

greatest-integer function (p. 669) 
A function denoted by f (x)  = [x] 
or f (x)  = WxX in which the number 
x is rounded down to the greatest 
integer that is less than or equal 
to x.

growth factor (p. 491) The base 
1 + r in an exponential expression.

half-life (p. 532) The half-life of a 
substance is the time it takes for 
one-half of the substance to decay 
into another substance.

half-plane (p. 124) The part of the 
coordinate plane on one side of a 
line, which may include the line.

sucesión geométrica Sucesión en 
la que la razón de los términos 
sucesivos es una constante r, 
denominada razón común, donde 
r ≠ 0 y r ≠ 1.

serie geométrica Suma indicada 
de los términos de una sucesión 
geométrica.

deslizamiento con 
inversión Composición 
de una traslación y una 
reflexión sobre una línea 
paralela al vector de 
traslación.

grado Medida de la inclinación 
de las superficies, expresada 
como un porcentaje.

máximo común divisor 
(MCD) Producto del entero mayor y 
la potencia mayor de cada variable 
que divide exactamente cada 
término. 

función de entero mayor Función 
expresada como  f (x)  = [x] o 
f (x)  = WxX en la cual el número x se 
redondea hacia abajo hasta el entero 
mayor que sea menor que o igual 
a x.

factor de crecimiento La base 1 + r 
en una expresión exponencial.

vida media La vida media de 
una sustancia es el tiempo que 
tarda la mitad de la sustancia en 
desintegrarse y transformarse en 
otra sustancia.

semiplano Parte del plano 
cartesiano de un lado de una línea, 
que puede incluir la línea.

 1, 2, 4, 8, 16, …

• 2 • 2 • 2  • 2 r = 2

1 + 2 + 4 + 8 + 16 + …

A ramp that rises 1 foot for 
every 5 feet of the horizontal 
distance has a grade of 20%.

The GCF of 4 x  3 y and 6 x  2 y is 2 x  2 y.
The GCF of 27 and 45 is 9.

W4.98X = 4

W-2.1X = -3

12,000  (1 + 0.14)  t 

          growth factor

Carbon-14 has a half-life of 
5730 years, so 5 g of an initial 
amount of 10 g will remain after 
5730 years.

H
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Heron’s Formula (p. 969) A 
triangle with side lengths a, b, and 
c has area 

A =   √ ���������  s (s - a)  (s - b)  (s - c)   , where 
s is one-half the perimeter, or 

s =   1 __ 
2
    (a + b + c) . 

hole (in a graph) (p. 596) An 
omitted point on a graph. If a 
rational function has the same 
factor x - b in both the numerator 
and the denominator, and the line 
x = b is not a vertical asymptote, 
then there is a hole in the graph at 
the point where x = b.

horizontal line (p. 108) A line 
described by the equation 
y = b, where b is the y-intercept.

horizontal line test (p. 690) If a 
horizontal line crosses the graph 
of a function f at more than one 
point, then the inverse is not a 
function.

hyperbola (p. 744) The set of all 
points P in a plane such that the 
difference of the distances from 
P to two fixed points  F  1  and  F  2 , 
called the foci, is a constant 
d =  ⎪P F  1  - P F  2 ⎥ .

hypotenuse (p. 20) The side 
opposite the right angle in a right 
triangle.

identity (p. 92) An equation that is 
true for all values of the variables.

imaginary axis (p. 382) The 
vertical axis in the complex plane, 
it graphically represents the 
purely imaginary part of complex 
numbers.

fórmula de Herón Un triángulo con 
longitudes de lado a, b y c tiene un 
área 

A =   √ ���������  s (s - a)  (s - b)  (s - c)   ,  
donde s es la mitad del 
perímetro ó 

s =   1 __ 
2
    (a + b + c) .

hoyo (en una gráfica) Punto 
omitido en una gráfica. Si una 
función racional tiene el mismo 
factor x - b tanto en el numerador 
como en el denominador, y la línea 
x = b no es una asíntota vertical, 
entonces hay un hoyo en la gráfica 
en el punto donde x = b.

línea horizontal Línea descrita por 
la ecuación y = b, donde b es la 
intersección con el eje y.

prueba de la línea horizontal Si una 
línea horizontal cruza la gráfica de 
una función f en más de un punto, 
entonces la inversa no es una 
función.

hipérbola Conjunto de todos los 
puntos P en un plano tal que la 
diferencia de las distancias de P a 
dos puntos fijos  F  1  y  F  2 , llamados 
focos, es una constante 
d =  ⎪P F  1  - P F  2 ⎥ .

hipotenusa Lado opuesto al ángulo 
recto de un triángulo rectángulo.

identidad Ecuación verdadera para 
todos los valores de las variables.

eje imaginario Eje vertical de 
un plano complejo. Representa 
gráficamente la parte puramente 
imaginaria de los números 
complejos.

f (x)  =   
 (x - 2)  (x + 2) 

  __ 
 (x + 2)  

   has a hole 

at x = -2.

3 = 3 
2 (x - 1)  = 2x - 2

The inverse is not a function.

s =   1 _ 
2
    (3 + 6 + 7)  = 8

A =   √ ���������  8 (8 - 3)  (8 - 6)  (8 - 7)    

 =   √ �� 80   = 4  √ � 5   square units

I
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imaginary number (p. 350) The 
square root of a negative number, 
written in the form bi, where b is a 
real number and i is the imaginary 
unit,   √ �� -1  . Also called a pure 
imaginary number.

imaginary part of a complex 
number (p. 351) For a complex 
number of the form a + bi, 
the real number b is called the 
imaginary part, represented 
graphically as b units on the 
imaginary axis of a complex plane.

imaginary unit (p. 350) The 
unit in the imaginary number 
system,   √ �� -1  .

inclusive events (p. 820) Events 
that have one or more outcomes 
in common.

inconsistent system (p. 183) A 
system of equations or inequalities 
that has no solution.

independent events (p. 811) 
Events for which the occurrence or 
non-occurrence of one event does 
not affect the probability of the 
other event.

independent system (p. 184) 
A system of equations that has 
exactly one solution.

independent variable (p. 52) The 
input of a function; a variable 
whose value determines the 
value of the output, or dependent 
variable.

index (p. 610) In the radical   n √ � x  , 
which represents the nth root of x, 
n is the index. In the radical     √ � x  , 
the index is understood to be 2.

número imaginario Raíz cuadrada 
de un número negativo, expresado 
como bi, donde b es un número real 
e i es la unidad imaginaria,   √ �� -1  . 
También se denomina número 
imaginario puro.

parte imaginaria de un número 
complejo Dado un número 
complejo del tipo a + bi, el número 
real b se denomina parte imaginaria 
y se representa gráficamente como b 
unidades en el eje imaginario de un 
plano complejo.

unidad imaginaria Unidad 
del sistema de números 
imaginarios,   √ �� -1  .

sucesos inclusivos Sucesos que 
tienen uno o más resultados en 
común.

sistema inconsistente Sistema 
de ecuaciones o desigualdades 
que no tiene solución.

sucesos independientes Dos sucesos 
son independientes si el hecho de 
que se produzca o no uno de ellos 
no afecta la probabilidad del otro 
suceso.

sistema independiente Sistema de 
ecuaciones que tiene exactamente 
una solución.

variable independiente Entrada de 
una función; variable cuyo valor 
determina el valor de la salida, o 
variable dependiente.

índice En el radical   n √ � x  , que 
representa la enésima raíz de x, n es 
el índice. En el radical    √ � x  , se da por 
sentado que el índice es 2.

  √ �� -16   =   √ �� 16   ·   √ �� -1   = 4i

5 + 6i

 real part imaginary part

  √ �� -1   = i

In the experiment of rolling a number 
cube, rolling an even number and 
rolling a number less than 3 are 
inclusive events because the outcome 2 
is both even and less than 3.

 
⎧ 
 
 ⎨   ⎩   
 y = 2.5x + 5

         
y = 2.5x - 5

   is inconsistent.

From a bag containing 3 red 
marbles and 2 blue marbles, 
drawing a red marble, replacing it, 
and then drawing a blue marble.

 
⎧ 
 
 ⎨   ⎩   
 y = -x + 4

        
y = x + 2

   Solution:  (1, 3) 

y = 2x + 1

independent variable

The radical   3 √ � 8   has an index of 3.
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indirect measurement (p. 99) A 
method of measurement that uses 
formulas, similar figures, and/or 
proportions.

inequality (p. 92) A statement 
that compares two expressions by 
using one of the following signs: 
<, >, ≤, ≥, or ≠.

infinite geometric series (p. 900) 
A geometric series with infinitely 
many terms.

infinite sequence (p. 862) A 
sequence with infinitely many 
terms.

infinite set (p. 7) A set with an 
unlimited, or infinite, number of 
elements.

initial side (p. 936) The ray that 
lies on the positive x-axis when 
an angle is drawn in standard 
position.

integer (p. 6) A member of the 
set of whole numbers and their 
opposites.

interquartile range (IQR) (p. 829) 
The difference of the third (upper) 
and first (lower) quartiles in a data 
set, representing the middle half 
of the data.

interval notation (p. 7) A way of 
writing the set of all real numbers 
between two endpoints. The 
symbols [ and ] are used to include 
an endpoint in an interval, and 
the symbols ( and ) are used to 
exclude an endpoint from an 
interval.

inverse cosine function (p. 951) If 
the domain of the cosine function 
is restricted to [0, π], then the 
function Cos θ = a has an inverse 
function  Cos  -1  a = θ, also called 
arccosine.

medición indirecta Método para 
medir objetos mediante fórmulas, 
figuras semejantes y/o proporciones.

desigualdad Enunciado que 
compara dos expresiones utilizando 
uno de los siguientes signos: <, >, 
≤, ≥, ó ≠.

serie geométrica infinita Serie 
geométrica con una cantidad 
infinita de términos.

sucesión infinita Sucesión con 
infinitos términos.

conjunto infinito Conjunto con un 
número de elementos ilimitado o 
infinito.

lado inicial El rayo que se encuentra 
en el eje positivo x cuando se traza 
un ángulo en la posición estándar.

entero Miembro del conjunto de 
números cabales y sus opuestos.

rango entre cuartiles Diferencia 
entre el tercer cuartil (superior) y 
el primer cuartil (inferior) de un 
conjunto de datos, que representa la 
mitad central de los datos.

notación de intervalo Forma 
de expresar el conjunto de 
todos los números reales entre 
dos extremos. Los símbolos [ y ] 
se utilizan para incluir un extremo 
en un intervalo y los símbolos ( y ) 
se utilizan para excluir un extremo 
de un intervalo.

función coseno inverso Si el dominio 
de la función coseno se restringe 
a [0, π], entonces la función 
Cos θ = a tiene una función inversa 
 Cos  -1  a = θ, también llamada arco 
coseno.

  1 _ 
10

   +   1 _ 
100

   +   1 _ 
1000

   +   1 _ 
10,000

   + …

1, 3, 5, 7, 9, 11, …

x ≥ -2

The set of all integers is an 
infinite set.

… -3, -2, -1, 0, 1, 2, 3 …

 Lower half Upper half

18, 23, 28, 29, 36, 42

 First quartile Third quartile
Interquartile range: 36 - 23 = 13.

 Interval  Set-builder 
 notation notation

 (a, b)  ⎧ 
 
 ⎨   

⎩
 x | a < x < b ⎫ 

 
 ⎬   

⎭
 

 (a, b]  ⎧ 
 
 ⎨   

⎩
 x | a < x ≤ b ⎫ 

 
 ⎬   

⎭
 

 [a, b)  ⎧ 
 
 ⎨   

⎩
 x | a ≤ x < b ⎫ 

 
 ⎬   

⎭
 

 [a, b]  ⎧ 
 
 ⎨   

⎩
 x | a ≤ x ≤ b ⎫ 

 
 ⎬   

⎭
 

Co s  -1    1 _ 
2
   =   π 

_ 
3
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inverse function (p. 499) The 
function that results from 
exchanging the input and output 
values of a one-to-one function. 
The inverse of f (x)  is denoted 
f  -1  (x) .

inverse relation (p. 498) The 
inverse of the relation consisting 
of all ordered pairs  (x, y)  is the 
set of all ordered pairs  (y, x) . The 
graph of an inverse relation is 
the reflection of the graph of the 
relation across the line y = x.

inverse sine function (p. 951) If 
the domain of the sine function 

is restricted to  ⎡   ⎣ -  π 
__ 
2
  ,   π 

__ 
2
    ⎤   ⎦ , then the 

function Sin θ = a has an inverse 
function, Si n  -1  a = θ, also called 
arcsine.

inverse tangent function (p. 951) 
If the domain of the tangent 

function is restricted to  (-  π 
__ 
2
  ,   π 

__ 
2
  ) , 

then the function Tanθ = a has an 
inverse function, Ta n  -1  a = θ, also 
called arctangent.

inverse variation (p. 570) A 
relationship between two 
variables, x and y, that can be 
written in the form y =   k __ x  , where 
k is a nonzero constant and x ≠ 0.

irrational number (p. 6) A real 
number that cannot be expressed 
as the ratio of two integers.

iteration (p. 864) The repetitive 
application of the same rule.

función inversa Función que resulta 
de intercambiar los valores de 
entrada y salida de una función uno 
a uno. La función inversa de f (x)  se 
expresa  f  -1  (x) .

relación inversa La inversa de la 
relación que consta de todos los 
pares ordenados  (x, y)  es el conjunto 
de todos los pares ordenados  (y, x) . 
La gráfica de una relación inversa es 
el reflejo de la gráfica de la relación 
sobre la línea y = x.

función seno inverso Si el dominio 
de la función seno se restringe a 

 ⎡   ⎣ -  π 
__ 
2
  ,   π 

__ 
2
    ⎤   ⎦ , entonces la función 

Sen θ = a tiene una función inversa, 
Se n  -1  a = θ, también llamada 
arco seno.

función tangente inversa Si el 
dominio de la función tangente se 

restringe a  (-  π 
__ 
2
  ,   π 

__ 
2
  ) , entonces la 

función Tanθ = a tiene una función 
inversa, Ta n  -1  a = θ, también llamada 
arco tangente.

variación inversa Relación entre dos 
variables, x e y, que puede 
expresarse en la forma y =   k __ x  , donde 
k es una constante distinta de cero 
y x ≠ 0.

número irracional Número real que 
no se puede expresar como una 
razón de enteros.

iteración Aplicación repetitiva 
de la misma regla.

y =   24 _ x  

  √ � 2  , π, e

First iteration

 Second iteration

 Third iteration

Si n  -1      
√ � 3   _ 
2
   =   π 

_ 
3
  

Ta n  -1    √ � 3   =   π 
_ 
3
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joint variation (p. 570) A 
relationship among three variables 
that can be written in the form 
y = kxz, where k is a nonzero 
constant.

Law of Cosines (p. 966) For `ABC 
with side lengths a, b, and c,
a  2  =  b  2  +  c  2  - 2bc cos A
b  2  =  a  2  +  c  2  - 2ac cos B
c  2  =  a  2  +  b  2  - 2ab cos C.

law of large numbers (p. 809) 
The tendency of experimental 
probability to approach theoretical 
probability as the number of trials 
gets very large.

Law of Sines (p. 959) For `ABC 
with side lengths a, b, and c,
sin A _ a   =   sin B _ 

b
   =   sin C _ c   .

leading coefficient (p. 406) The 
coefficient of the first term of a 
polynomial in standard form.

least common denominator 
(LCD) (p. 583) The least common 
multiple of two or more given 
denominators.

least common multiple (LCM) 
(p. 583) The product of the 
smallest positive number and the 
lowest power of each variable that 
divides evenly into each term.

leg of a right triangle (p. 20) 
One of the two sides of the right 
triangle that form the right angle.

variación conjunta Relación entre 
tres variables que se puede expresar 
de la forma y = kxz, donde k es una 
constante distinta de cero.

Ley de cosenos Dado `ABC con 
longitudes de lado a, b y c, 
a  2  =  b  2  +  c  2  - 2bc cos A
b  2   =  a  2  +  c  2  - 2ac cos B
 c  2  =  a  2  +  b  2  - 2ab cos C.

Ley de los números grandes 
Tendencia de la probabilidad 
experimental a acercarse a la 
probabilidad teórica cuando el 
número de pruebas es muy grande.

Ley de senos Dado `ABC con 
longitudes de lado a, b y c,

  sen A _ a   =   sen B _ 
b

   =   sen C _ c   .

coeficiente principal Coeficiente del 
primer término de un polinomio en 
forma estándar.

mínimo común denominador 
(mcd) Mínimo común múltiplo de 
dos o más denominadores dados.

mínimo común múltiplo (mcm) 
El producto del número positivo 
más pequeño y la potencia más 
baja de cada variable que divide 
exactamente cada término.

cateto de un triángulo 
rectángulo Uno de los dos lados de 
un triángulo rectángulo que forman 
el ángulo recto.

J

y = 3xz

 b  2  =  7  2  +  5  2  - 2 (7)  (5)  cos 10 0  ◦ 
  b  2  ≈ 86.2
 b ≈ 9.3

L

The more times you toss a coin, 
the closer the experimental 
probability will be to   1 _ 

2
  .

  sin 4 9  ◦  _ r   =   sin 4 0  ◦  _ 
20

  

r =   20 sin 4 9  ◦  _ 
sin 4 0  ◦ 

   ≈ 23.5

3 x  2  + 7x - 2

Leading coefficient

The LCD of   3 _ 
4
   and   5 _ 

6
   is 12.

The LCM of 10 and 18 is 90.

The LCM of 2 x  2  and 5 x  3  is 10 x  3 .
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like radical terms (p. 23) Radical 
terms having the same radicand 
and index.

like terms (p. 28) Terms with the 
same variables raised to the same 
exponents.

limit (p. 900) A number (or 
infinity) that the terms of an 
infinite sequence or series 
approach as the term number 
increases.

line of best fit (p. 142) The line 
that comes closest to all of the 
points in a data set.

linear equation in one variable 
(p. 90) An equation that can be 
written in the form ax = b, where 
a and b are constants and a ≠ 0.

linear function (p. 105) A function 
that can be written in the form 
f (x)  = mx + b, where x is the 
independent variable and m and 
b are real numbers. Its graph is a 
line.

linear inequality in two 
variables (p. 124) An inequality 
that can be written in one of the 
following forms: y < mx + b, 
y > mx + b, y ≤ mx + b, 
y ≥ mx + b, or y ≠ mx + b, 
where m and b are real numbers.

linear programming (p. 205) A 
method of finding a maximum 
or minimum value of a linear 
function, called the objective 
function, that satisfies a given set 
of conditions, called constraints.

linear regression (p. 143) A 
statistical method used to fit a 
linear model to a given data set.

radicales semejantes Términos 
radicales que tienen el mismo 
radicando e índice.

términos semejantes Términos con 
las mismas variables elevadas a los 
mismos exponentes.

límite Número (o infinito) al 
que se aproximan los términos 
de una sucesión o serie infinita 
a medida que aumenta el número 
de términos.

línea de mejor ajuste Línea que más 
se acerca a todos los puntos de un 
conjunto de datos.

ecuación lineal en una 
variable Ecuación que puede 
expresarse en la forma ax = b, donde 
a y b son constantes y a ≠ 0.

función lineal Función que 
puede expresarse en la forma  
f (x)  = mx + b, donde x es la variable 
independiente y m y b son números 
reales. Su gráfica es una línea. 

desigualdad lineal en dos 
variables Desiqualdad que puede 
expresarse de una de las siguientes 
formas: y < mx + b, 
y > mx + b, y ≤ mx + b, 
y ≥ mx + b, o y ≠ mx + b,  
donde m y b son números reales. 

programación lineal 
Método para calcular 
un valor máximo o 
mínimo de una función 
lineal, denominada 
función objetiva, que 
cumple con una serie 
dada de condiciones, 
denominadas 
restricciones.

regresión lineal Método estadístico 
utilizado para ajustar un modelo 
lineal a un conjunto de datos 
determinado.

3   √ � 2x   and   √ � 2x   Like radicals

√ � 3x   and   √ � 2x   Unlike radicals

3 a  3  b  2  and 7 a  3  b  2  Like terms
4x y  2  and 6 x  2 y Unlike terms

The series   1 _ 
2
   +   1 _ 

4
   +   1 _ 

8
   +   1 _ 

16
   + …

has a limit of 1.

x + 1 = 7

2x + 3y ≤ 6

y >   1 _ 
2
  x - 7

Constraints Feasible Region

 
 
⎧
 
 
 �      
 
 
 ⎨   

  
 
 
 
 �   

⎩
 
   
  
 x ≥ 0 

          
40x + 60y ≤ 1440

 

           

 
 y ≥   1 __ 

3
   x 
     

y ≤ 16
  

   

For the given constraints, the objective 
function P = 18x + 25y is maximized at  (24, 8) .
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linear system (p. 182) A system of 
equations containing only linear 
equations.

local maximum (p. 455) For a 
function f, f (a)  is a local maximum 
if there is an interval around a 
such that f (x)  < f (a)  for every 
x-value in the interval except a.

local minimum (p. 455) For a 
function f, f (a)  is a local minimum 
if there is an interval around a 
such that f (x)  > f (a)  for every 
x-value in the interval except a.

logarithm (p. 505) The exponent 
that a specified base must be 
raised to in order to get a certain 
value.

logarithmic equation (p. 523) An 
equation that contains a logarithm 
of a variable.

logarithmic function (p. 507) A 
function of the form f (x)  =  log  b  x, 
where b ≠ 1 and b > 0, which is 
the inverse of the exponential 
function f (x)  =  b  x .

logarithmic regression (p. 546) 
A statistical method used to fit a 
logarithmic model to a given data 
set.

logistic function (p. 535) An 
exponential growth function that 
tapers off at an asymptote.

main diagonal (of a matrix) 
(p. 255) The diagonal from the 
upper left corner to the lower right 
corner of a matrix.

major axis (p. 736) The longer axis 
of an ellipse. The foci of the ellipse 
are located on the major axis, and 
its endpoints are the vertices of the 
ellipse.

sistema lineal Sistema de 
ecuaciones que contiene sólo 
ecuaciones lineales.

máximo local Dada una función  
f, f (a)  es el máximo local si hay un 
intervalo en a tal que f (x)  < f (a)   
para cada valor de x en el intervalo 
excepto a.

mínimo local Dada una función  
f, f (a)  es el mínimo local si hay un 
intervalo en a tal que f (x)  > f (a)  
para cada valor de x en el intervalo 
excepto a.

logaritmo Exponente al cual debe 
elevarse una base determinada a fin 
de obtener cierto valor.

ecuación logarítmica Ecuación 
que contiene un logaritmo de una 
variable.

función logarítmica Función del 
tipo f (x)  =  log  b  x, donde b ≠ 1 y 
b > 0, que es la inversa de la función 
exponencial f (x)  =  b  x .

regresión logarítmica Método 
estadístico utilizado para ajustar un 
modelo logarítmico a un conjunto 
de datos determinado.

función logística Función de 
crecimiento exponencial que 
disminuye en una asíntota.

diagonal principal (de una 
matriz) Diagonal que se extiende 
desde la esquina superior izquierda 
hasta la esquina inferior derecha de 
una matriz.

eje mayor El eje más largo de una 
elipse. Los focos de la elipse se 
encuentran sobre el eje mayor y sus 
extremos son los vértices de la elipse.

 
⎧
 
 

 ⎨   
⎩

   
 y = 2x + 1

      
x + y = 8

  

lo g   2  8 = 3, because 3 is the 
power that 2 is raised to in order 
to get 8; or  2  3  = 8.

log x + 3 = 7

f (x)  = lo g  4  x

M

 
⎡
 
 

 ⎢ 
 

 

⎣
   
3
 
 
 5   

2
   

1
 
 
 0   

7

   
2
 
 
 1   

6

   

⎤
 
 

 � 
 

 

⎦
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mapping diagram (p. 44) 
A diagram that shows the 
relationship of elements in the 
domain to elements in the range 
of a relation or function.

mathematical induction (p. 902) 
A type of mathematical proof. To 
prove that a statement is true for 
all natural numbers n, first show 
that the statement is true for 
n = 1; then assume it is true for 
some number k and prove that it 
is true for k + 1. It follows that the 
statement is true for all values 
of n.

matrix (p. 246) A rectangular array 
of numbers.

matrix equation (p. 279) An 
equation of the form AX = B, 
where A is the coefficient matrix, 
X is the variable matrix, and B is 
the constant matrix of a system of 
equations.

matrix product (p. 253) The 
product of two matrices, where 
each entry in  P  ij   is the sum of the 
products of consecutive entries in 
row i in matrix A and column j in 
matrix B.

maximum value of a function 
(p. 326) The y-value of the highest 
point on the graph of the function.

mean (p. 828) The sum of all the 
values in a data set divided by the 
number of data values. Also called 
the average.

measure of central tendency 
(p. 828) A measure that describes 
the center of a data set.

measure of variation (p. 830) A 
measure that describes the spread 
of a data set.

diagrama de 
correspondencia Diagrama que 
muestra la relación entre los 
elementos del dominio y los 
elementos del rango de una función.

inducción matemática Tipo de 
demostración matemática. Para 
demostrar que un enunciado se 
cumple para todos los números 
naturales n, primero se demuestra 
que el enunciado se cumple para 
n = 1; luego se supone que se 
cumple para un número k y se 
demuestra que se cumple para 
k + 1. Por lo tanto, el enunciado se 
cumplirá para todos los valores de n.

matriz Arreglo rectangular de 
números.

ecuación matricial Ecuación del 
tipo AX = B, donde A es la matriz 
de coeficientes, X es la matriz 
de variables y B es la matriz de 
constantes de un sistema de 
ecuaciones.

producto matricial 
Producto de dos matrices, 
donde cada entrada de  
P  ij  es la suma de los 
productos de las entradas 
consecutivas de la fila 
i de la matriz A y de la 
columna j de la matriz B.

máximo de una función Valor de y 
del punto más alto en la gráfica de la 
función.

media Suma de todos los valores 
de un conjunto de datos dividida 
entre el número de valores 
de datos. También llamada 
promedio.

medida de tendencia 
dominante Medida que describe el 
centro de un conjunto de datos.

medida de variación Medida que 
describe la amplitud de un conjunto 
de datos.

 
⎡
 
 

 ⎢ 
 

 

⎣
    

1
 

 
 -2   

7
    

0
 

 
 2   

-6

    
3
 

 
 -5   

3 

  

⎤
 
 

 � 
 

 

⎦
 

System of equations:  
 2x + 3y = 7

        
4x - 6y = 5

  

Matrix equation:  ⎡ 
 
 ⎢   ⎣   2   
4
    

3
   

-6
   ⎤ 
 
 �   ⎦   ⎡ 
 
 ⎢   ⎣   x   y   

⎤ 
 
 �   ⎦  = ⎡ 

 
 ⎢   ⎣   7   
5
   ⎤ 
 
 �   ⎦ 

 
⎡ 
 

 ⎢   ⎣   1   
3
   2   

4
   
⎤ 
 

 �   ⎦  ⎡ 
 

 ⎢   ⎣  5   
7
   

6
   

8
   
⎤ 
 

 �   ⎦  =  
⎡ 
 

 ⎢   ⎣   
1 (5)  + 2 (7) 

        
3 (5)  + 4 (7) 

   
1 (6)  + 2 (8) 

        
3 (6)  + 4 (8) 

   
⎤ 
 

 �   
⎦

 

 =  ⎡ 
 
 ⎢   ⎣   19

   
43

   22   
50

   ⎤ 
 
 �   ⎦ 

Data set: 4, 6, 7, 8, 10

Mean:   4 + 6 + 7 + 8 + 10  __ 
5
   =   35 _ 

5
   = 7

the mean, median, or mode

the range, variance, standard 
deviation, or interquartile range
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median of a data set (p. 828) For 
an ordered data set with an odd 
number of values, the median is 
the middle value. For an ordered 
data set with an even number of 
values, the median is the average 
of the two middle values.

midpoint (p. 724) The point 
that divides a segment into two 
congruent segments.

minimum value of a function 
(p. 326) The y-value of the lowest 
point on the graph of the function.

minor axis (p. 736) The shorter 
axis of an ellipse. Its endpoints are 
the co-vertices of the ellipse.

mode (p. 828) The value or values 
that occur most frequently in a 
data set; if all values occur with 
the same frequency, the data set is 
said to have no mode.

monomial (p. 406) A number or a 
product of numbers and variables 
with whole-number exponents, or 
a polynomial with one term.

multiple root (p. 439) A root r is a 
multiple root when the factor 
(x - r)  appears in the equation 
more than once.

multiplicative identity matrix 
(p. 255) A square matrix with 1 in 
every entry of the main diagonal 
and 0 in every other entry.

mediana de un conjunto de 
datos Dado un conjunto 
de datos ordenados con un 
número impar de valores, 
la mediana es el valor del 
medio. Dado un conjunto 
de datos ordenados con un 
número par de valores, la 
mediana es el promedio de 
los dos valores del medio.

punto medio Punto que divide 
un segmento en dos segmentos 
congruentes.

mínimo de una función Valor de y del 
punto más bajo en la gráfica de la 
función.

eje menor El eje más corto de 
una elipse. Sus extremos son los 
co-vértices de la elipse.

moda El valor o los valores 
que se presentan con mayor 
frecuencia en un conjunto 
de datos. Si todos los valores 
se presentan con la misma   
frecuencia, se dice que el 
conjunto de datos no tiene 
moda.

monomio Número o producto de 
números y variables con exponentes 
de números cabales, o polinomio 
con un término.

raíz múltiple Una raíz r es una raíz 
múltiple cuando el factor  (x - r)   
aparece en la ecuación más de 
una vez. 

matriz de identidad multiplicativa 
Una matriz cuadrada que contiene 
1 en cada entrada de la diagonal 
principal y 0 en las demás entradas.

8, 9, 9, 12, 15 Median: 9

4, 6, 7, 10, 10, 12 Median:   7 + 10 _ 
2
   = 8.5

Point B is the midpoint of   
−− AC .

Data set: 3, 6, 8, 8, 10 Mode: 8
Data set: 2, 5, 5, 7, 7 Modes: 5 and 7
Data set: 2, 3, 6, 9, 11 No mode

8x, 9, 3 x  2  y  4 

3 is a multiple root of 
P (x)  =   (x - 3)  2 .

 ⎡ 
 
 ⎢   ⎣   1   
0
   

0
   

1
   ⎤ 
 
 �   ⎦ ,  

⎡
 
 

 ⎢   
⎣

   
1
 
 
 0   

0

   
0
 
 
 1   

0

   
0
 
 
 0   

1

   
⎤
 
 

 �   
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multiplicative inverse of a square 
matrix (p. 278) The multiplicative 
inverse of square matrix A, if 
it exists, is notated  A  -1 , where 
the product of A and  A  -1  is the 
identity matrix.

multiplicity (p. 439) If a 
polynomial P (x)  has a multiple 
root at r, the multiplicity of r is the 
number of times  (x - r)  appears 
as a factor in P (x) .

mutually exclusive events (p. 819) 
Two events are mutually exclusive 
if they cannot both occur in the 
same trial of an experiment.

natural logarithm (p. 532) A 
logarithm with base e, written 
as ln.

natural logarithmic function 
(p. 532) The function f (x)  = ln x, 
which is the inverse of the natural 
exponential function f (x)  =  e  x . 

Domain is  ⎧ 
 
 ⎨   

⎩
 x | x > 0 ⎫ 

 
 ⎬   

⎭
 ; range is all 

real numbers.  

natural number (p. 6) A counting 
number.

negative exponent (p. 35) A base 
raised to a negative exponent is 
equal to the reciprocal of that base 
raised to the opposite 

exponent:  b  -n  =   1 _ 
 b  n 

  .

net (p. S65) A diagram of the faces 
of a three-dimensional figure 
arranged in such a way that the 
diagram can be folded to form the 
three-dimensional figure.

nonlinear system of equations 
(p. 768) A system in which at least 
one of the equations is not linear.

inverso multiplicativo de una matriz 
cuadrada El inverso multiplicativo 
de una matriz cuadrada A, si existe, 
se escribe  A  -1 , donde el producto de 
A y   A  -1  es la matriz de identidad.

multiplicidad Si un polinomio 
P (x)  tiene una raíz múltiple en r, 
la multiplicidad de r es la cantidad 
de veces que  (x - r)  aparece como 
factor en P (x) .

sucesos mutuamente excluyentes 
Dos sucesos son mutuamente 
excluyentes si ambos no pueden 
ocurrir en la misma prueba de un 
experimento.

logaritmo natural Logaritmo con 
base e, que se escribe ln.

función logarítmica natural 
Función  f (x)  = ln x, que es la inversa 
de la función exponencial natural  

f (x)  =  e  x . El dominio es  ⎧ 
 
 ⎨   

⎩
 x | x > 0 ⎫ 

 
 ⎬   

⎭
 ; el 

rango es todos los números reales.

número natural Número que sirve 
para contar.

exponente negativo Una base 
elevada a un exponente negativo 
es igual al recíproco de dicha base 
elevado al exponente opuesto: 

  b  -n  =   1 _ 
 b  n 

   .

plantilla Diagrama de las caras de 
una figura tridimensional que se 
puede plegar para formar la figura 
tridimensional.

sistema no lineal de ecuaciones 
Sistema en el cual por lo menos una 
de las ecuaciones no es lineal.

The multiplicative inverse of 

A =  ⎡ 
 
 ⎢   ⎣   -2   

1
    

5
    

-3
   ⎤ 
 
 �   ⎦  is  A  -1  =  ⎡ 

 
 ⎢   ⎣   -3

   
-1

   
-5

    
-2

   ⎤ 
 
 �   ⎦ , 

because A A  -1  =  A  -1 A =  ⎡ 
 
 ⎢   ⎣   1   
0
   

0
   

1
   ⎤ 
 
 �   ⎦  .

For P (x)  =   (x - 3)  2 , the root 3 
has a multiplicity of 2.

In the experiment of rolling a 
number cube, rolling a 3 and 
rolling an even number are 
mutually exclusive events.

N

ln 5 = lo g  e  5 ≈ 1.6

1, 2, 3, 4, 5, 6, …

 5  -3  =   1 _ 
 5  3 

   =   1 _ 
125

  

 
⎧
 
 
 ⎨   

⎩
   y = 2 x  2 

        
y = -3 x  2  + 5
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nth root (p. 610) The nth root of a 

number a, written as   n √ � a   or  a  
  1 _ n  

 , is 
a number that is equal to a when 
it is raised to the nth power.

objective function (p. 206) 
The function to be maximized 
or minimized in a linear 
programming problem.

obtuse angle (p. 198) An angle 
that measures greater than 90° and 
less than 180°.

one-to-one function (p. 691) A 
function in which each y-value 
corresponds to only one x-value. 
The inverse of a one-to-one 
function is also a function.

opposite (p. 14) The opposite of 
a number a, denoted -a, is the 
number that is the same distance 
from zero as a, on the opposite 
side of the number line. The sum 
of opposites is 0.

order of operations (p. 28) A 
process for evaluating expressions:
First, perform operations in 
parentheses or other grouping 
symbols.
Second, evaluate powers and 
roots.
Third, perform all multiplication 
and division from left to right.
Fourth, perform all addition and 
subtraction from left to right.

ordered triple (p. 214) A set of 
three numbers that can be used to 
locate a point  (x, y, z)  in a three-
dimensional coordinate system.

enésima raíz La enésima raíz de un 
número a, que se escribe como 

n √ � a   o  a  
  1 _ n  

 , es un número igual a 
a cuando se eleva a la enésima 
potencia.

función objetiva Función que se 
debe maximizar o minimizar en un 
problema de programación lineal.

ángulo obtuso Ángulo que mide 
más de 90° y menos de 180°.

función uno a uno Función en la 
que cada valor de y corresponde a 
sólo un valor de x. La inversa de una 
función uno a uno es también una 
función.

opuesto El opuesto de un 
número a, expresado -a, es 
el número que se encuentra 
a la misma distancia de cero 
que a, del lado opuesto de la 
recta numérica. La suma de los 
opuestos es 0.

orden de las operaciones 
Proceso para evaluar las 
expresiones:
Primero, realizar las operaciones 
entre paréntesis u otros símbolos 
de agrupación.
Segundo, evaluar las potencias y 
las raíces.
Tercero, realizar todas las 
multiplicaciones y divisiones de 
izquierda a derecha.
Cuarto, realizar todas las sumas y 
restas de izquierda a derecha.

tripleta ordenada Conjunto de 
tres números que se pueden 
utilizar para ubicar un punto  
(x, y, z)  en un sistema de 
coordenadas tridimensional.

  5 √ �� 32   = 2, because  2  5  = 32.

O

The objective function P = 18x + 25y 
is maximized at  (24, 8) .

2 +  3  2  -  (7 + 5)  ÷ 4 · 3
2 +  3  2  - 12 ÷ 4 · 3  Add inside 

parentheses.
2 + 9 - 12 ÷ 4 · 3   Evaluate the 

power.
2 + 9 - 3 · 3  Divide.
2 + 9 - 9 Multiply.
11 - 9 Add.
2 Subtract.

5 and -5 are opposites.
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origin (p. 3) The intersection of 
the x- and y-axes in a coordinate 
plane. The coordinates of the 
origin are  (0, 0) .

outcome (p. 802) A possible result 
of a probability experiment.

outlier (p. 831) A data value that 
is far removed from the rest 
of the data. A value less than 
Q  1  - 1.5(IQR) or greater than 
Q  3  + 1.5(IQR) is considered to be 
an outlier.

parabola (p. 315) The shape of 
the graph of a quadratic function. 
Also, the set of points equidistant 
from a point F, called the focus, 
and a line d, called the directrix.

parameter (p. 230) One of 
the constants in a function or 
equation that may be changed. 
Also the third variable in a set of 
parametric equations.

parametric equations (p. 230) A 
pair of equations that define the 
x- and y-coordinates of a point in 
terms of a third variable called a 
parameter.

parent function (p. 67) The 
simplest function with the 
defining characteristics of the 
family. Functions in the same 
family are transformations of their 
parent function.

partial sum (p. 870) Indicated by 

S  n  =   ∑ 
i = 1

   
n

   a  i  , the sum of a specified 

number of terms n of a sequence 
whose total number of terms is 
greater than n.

origen Intersección de los ejes 
x e y en un plano cartesiano. Las 
coordenadas de origen son  (0, 0) .

resultado Resultado posible en un 
experimento de probabilidad.

valor extremo Valor de datos 
que está muy alejado del resto 
de los datos. Un valor menor 
que  Q  1  - 1.5(IQR) o mayor que 
Q  3  + 1.5(IQR) se considera un 
valor extremo.

parábola Forma de la gráfica de 
una función cuadrática. También, 
conjunto de puntos equidistantes de 
un punto F, denominado foco, y una 
línea d, denominada directriz.

parámetro Una de las constantes 
en una función o ecuación que 
se puede cambiar. También es la 
tercera variable en un conjunto de 
ecuaciones paramétricas.

ecuaciones paramétricas Par 
de ecuaciones que definen las 
coordenadas x e y de un punto en 
función de una tercera variable 
denominada parámetro.

función madre La función más 
básica con las características 
de la familia. Las funciones 
de la misma familia son 
transformaciones de su función 
madre.

suma parcial Expresada por 

S  n  =   ∑ 
i = 1

   
n

   a  i  , la suma de un número 

específico n de términos de una 
sucesión cuyo número total de 
términos es mayor que n. 

In the experiment of rolling 
a number cube, the possible 
outcomes are 1, 2, 3, 4, 5, and 6.

P

y =   (x - h)  2  + k

 parameters

x (t)  = t + 1

y (t)  = -2t

f (x)  =  x  2  is the parent function for 
g (x)  =  x  2  + 4 and h (x)  = 5  (x + 2)  2  - 3.

For the sequence  a  n  =  n  2 , the 
fourth partial sum of the infinite 

series   ∑ 
k = 1

  
∞

   k  2   is

  ∑ 
k = 1

  
4

   k  2   =  1  2  +  2  2  +  3  2  +  4  2  = 30.



S146 Glossary/Glosario

ENGLISH SPANISH EXAMPLES
Pascal’s triangle (p. 416) A 
triangular arrangement of 
numbers in which every row starts 
and ends with 1 and each other 
number is the sum of the two 
numbers above it.

perfect square (p. 21) A number 
whose positive square root is a 
whole number.

perfect-square trinomial (p. 336) 
A trinomial whose factored form 
is the square of a binomial. A 
perfect-square trinomial has the 
form  a  2  - 2ab +  b  2  =   (a - b)  2  or  
a  2  + 2ab +  b  2  =   (a + b)  2 .

period of a periodic function 
(p. 990) The length of a cycle 
measured in units of the 
independent variable (usually 
time in seconds). Also the 
reciprocal of the frequency.

periodic function (p. 990) A 
function that repeats exactly in 
regular intervals, called periods.

permutation (p. 795) An 
arrangement of a group of objects 
in which order is important. The 
number of permutations of r 
objects from a group of n objects 
is denoted    n  P  r .

phase shift (p. 993) A horizontal 
translation of a periodic function.

piecewise function (p. 662) A 
function that is a combination of 
one or more functions.

triángulo de Pascal Arreglo 
triangular de números en el cual 
cada fila comienza y termina con 1 
y cada uno de los demás números 
es la suma de los dos números que 
están encima de él.

cuadrado perfecto Número 
cuya raíz cuadrada positiva 
es un número cabal.

trinomio cuadrado 
perfecto Trinomio cuya forma 
factorizada es el cuadrado de un 
binomio. Un trinomio cuadrado 
perfecto tiene la forma  
a  2  - 2ab +  b  2  =   (a - b)  2  o 
a  2  + 2ab +  b  2  =   (a + b)  2 .

periodo de una función 
periódica Longitud de un ciclo 
medido en unidades de la variable 
independiente (generalmente el 
tiempo en segundos). También es la 
inversa de la frecuencia.

función periódica Función que se 
repite exactamente a intervalos 
regulares denominados periodos.

permutación Arreglo de un grupo 
de objetos en el cual el orden 
es importante. El número de 
permutaciones de r objetos de un 
grupo de n objetos se expresa     n  P  r .

cambio de fase Traslación horizontal 
de una función periódica.

función a trozos Función que es 
una combinación de una o más 
funciones.

     1
    1  1
   1  2  1
  1  3  3  1
 1  4  6  4  1

36 is a perfect square because 
  √ �� 36   = 6.

x 2  + 6x + 9 is a perfect-
square trinomial, because 
x 2  + 6x + 9 =   (x + 3)  2 .

For 4 objects A, B, C, and D, 
there are     4  P  2  = 12 different 
permutations of 2 objects: AB, 
AC, AD, BC, BD, CD, BA, CA, DA, 
CB, DB, and DC.

g is a phase shift of f   π 
_ 
2
   units left.

f (x)  =  ⎧ 
 
 ⎨   ⎩    -4    
x + 1

   
 if x ≤ 0

     
if x > 0
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point-slope form (p. 116) The 
point-slope form of a linear 
equation is y -  y  1  = m (x -  x  1 ) , 
where m is the slope and  ( x  1 ,  y  1 )  is 
a point on the line.

polynomial (p. 406) A monomial 
or a sum or difference of 
monomials.

polynomial function (p. 408) 
A function whose rule is a 
polynomial.

power (p. 34) An expression 
written with a base and an 
exponent or the value of such an 
expression.

principal root (p. 21) The positive 
root of a number, indicated by the 
radical sign.

probability (p. 802) A number 
from 0 to 1 (or 0% to 100%) that is 
the measure of how likely an event 
is to occur.

probability distribution for an 
experiment (p. 828) The function 
that pairs each outcome with its 
probability.

proportion (p. 97) A statement 
that two ratios are equal;   a __ 

b
   =   c __ 

d
  .

pure imaginary number (p. 351) 
See imaginary number.

quadratic equation (p. 334) An 
equation that can be written in the 
form a x  2  + bx + c = 0, where a, b, 
and c are real numbers and a ≠ 0.

forma de punto y pendiente 
La forma de punto y pendiente 
de una ecuación lineal es 
y -  y  1  = m (x -  x  1 ) , donde m 
es la pendiente y  ( x  1 ,  y  1 )  es un 
punto en la línea.

polinomio Monomio o suma o 
diferencia de monomios.

función polinomial Función cuya 
regla es un polinomio.

potencia Expresión escrita con una 
base y un exponente o el valor de 
dicha expresión.

raíz principal Raíz cuadrada positiva 
de un número, expresada por el 
signo de radical.

probabilidad Número entre 0 y 1 
(o entre 0% y 100%) que describe 
cuán probable es que ocurra un 
suceso.

distribución de 
probabilidad para un 
experimento Función que 
asigna a cada resultado su 
probabilidad.

proporción Enunciado que establece 
que dos razones son iguales;   a __ 

b
   =   c __ 

d
  .

número imaginario puro Ver número 
imaginario.

ecuación cuadrática Ecuación 
que se puede expresar como 
a x  2  + bx + c = 0, donde a, b y c son 
números reales y a ≠ 0. 

The equation of the line through  
(2, 1)  with slope 3 is y - 1 = 3 (x - 2) .

2 x  2  + 3x - 7

f (x)  =  x  3  - 8 x  2  + 19x - 12

 2  3  = 8, so 8 is the third power of 2.

  √ �� 36   = 6

A bag contains 3 red marbles and 
4 blue marbles. The probability of 
choosing a red marble is   3 __ 7  .

A number cube is rolled 10 times. The 
results are shown in the table.

Outcome 1 2 3 4 5 6

Probability   1 _ 
10

    1 _ 
5
    1 _ 

5
  0   3 _ 

10
    1 _ 

5
  

  2 _ 
3
   =   4 _ 

6
  

3i

Q

 x  2  + 3x - 4 = 0
 x  2  - 9 = 0
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Quadratic Formula (p. 356) The 

formula x =    -b ±   √ ����  b  2  - 4ac    ____________ 
2a

  , 

which gives solutions, or roots, 
of equations in the form 
a x  2  + bx + c = 0, where a ≠ 0.

quadratic function (p. 315) A 
function that can be written in 
the form f (x)  = a x  2  + bx + c, 
where a, b, and c are real numbers 
and a ≠ 0, or in the form 
f (x)  = a  (x - h)  2  + k, where a, h, 
and k are real numbers and a ≠ 0.

quadratic inequality in two 
variables (p. 366) An inequality 
that can be written in one of the 
following forms: 
y < a x  2  + bx + c, 
y > a x  2  + bx + c, 
y ≤ a x  2  + bx + c, 
y ≥ a x  2  + bx + c, 
or y ≠ a x  2  + bx + c, 
where a, b, and c are real numbers 
and a ≠ 0.

quadratic model (p. 376) A 
quadratic function used to 
represent a set of data.

quadratic regression (p. 376) A 
statistical method used to fit a 
quadratic model to a given data 
set.

radian (p. 943) A unit of angle 
measure based on arc length. In a 
circle of radius r, if a central angle 
has a measure of 1 radian, then 
the length of the intercepted arc is 
r units.

2π radians = 360°
1 radian ≈ 57°

radical (p. 21) An indicated root of 
a quantity.

fórmula cuadrática 

La fórmula x =   -b ±   √ ����  b  2  - 4ac    ____________ 
2a

  , 

que da soluciones, o raíces, para las 
ecuaciones del tipo a x  2  + bx + c = 0, 
donde a ≠ 0. 

función cuadrática Función 
que se puede expresar como 
f (x)  = a x  2  + bx + c, donde a, b y c 
son números reales y a ≠ 0, o como 
f (x)  = a  (x - h)  2  + k, donde a, h y k 
son números reales y a ≠ 0.

desigualdad cuadrática en dos 
variables Desigualdad que puede 
expresarse de una de las siguientes 
formas: 
y < a x  2  + bx + c, 
y > a x  2  + bx + c, 
y ≤ a x  2  + bx + c, 
y ≥ a x  2  + bx + c, 
o y ≠ a x  2  + bx + c, 
donde a, b y c son números 
reales y a ≠ 0. 

modelo cuadrático Función 
cuadrática que se utiliza para 
representar un conjunto de datos.

regresión cuadrática Método 
estadístico utilizado para ajustar un 
modelo cuadrático a un conjunto de 
datos determinado.

radián Unidad de medida de un 
ángulo basada en la longitud del 
arco. En un círculo de radio r, si 
un ángulo central mide 1 radián, 
entonces la longitud del arco 
abarcado es r unidades.

2π radianes = 360°
1 radián ≈ 57°

radical Raíz indicada de una 
cantidad.

The solutions of 2 x  2  - 5x - 3 = 0 
are given by 

 x =   
- (-5)  ±  √ �������    (-5)  2  - 4 (2)  (-3)   

   ___  
2 (2) 

   

 =   
5 ±   √ ���� 25 + 24  

  __ 
4
   =   5 ± 7 _ 

4
  ; 

x = 3 or x = -  1 _ 
2
  .

f (x)  =  x  2  - 6x + 8

y > - x  2  - 2x + 3

x 4 6 8 10

f (x) 27 52 89 130

A quadratic model for the data is 
f(x) = x2 + 3.3x - 2.6.

R

  √ �� 36   = 6,   3 √ �� 27   = 3
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radical equation (p. 628) An 
equation that contains a variable 
within a radical.

radical function (p. 619) A 
function whose rule contains a 
variable within a radical.

radical inequality (p. 630) An 
inequality that contains a variable 
within a radical.

radical symbol (p. 21) The 
symbol   √ � 1    used to denote a 
root. The symbol is used alone 
to indicate a square root or with 
an index,   

n
 √ � 1  , to indicate the nth 

root.

radicand (p. 21) The expression 
under a radical sign.

random sample (p. S69) A sample 
selected from a population so that 
each member of the population 
has an equal chance of being 
selected.

range of a data set (p. 830) The 
difference of the greatest and least 
values in the data set.

range of a function or relation 
(p. 44) The set of output values of 
a function or relation.

rate (p. 98) A ratio that compares 
two quantities measured in 
different units.

ratio (p. 97) A comparison of two 
quantities by division.

rational equation (p. 600) An 
equation that contains one or 
more rational expressions.

rational exponent (p. 611) An 
exponent that can be expressed 

as   m __ n   such that if m and n are 
integers, then 

b  
  m _ n   

 =   
n
 √ ��  b  m     =   (  

n
 √ � b  )  

m
 .

ecuación radical Ecuación que 
contiene una variable dentro de un 
radical.

función radical Función cuya regla 
contiene una variable dentro de un 
radical.

desigualdad radical Desigualdad 
que contiene una variable dentro de 
un radical.

símbolo de radical Símbolo    √ � 1    
que se utiliza para expresar una 
raíz. Puede utilizarse solo para 
indicar una raíz cuadrada, o con un 
índice,   

n
 √ � 1  , para indicar la enésima 

raíz.

radicando Número o expresión 
debajo del signo de radical.

muestra aleatoria Muestra 
seleccionada de una población 
tal que cada miembro de ésta 
tenga igual probabilidad de ser 
seleccionado.

rango de un conjunto de 
datos La diferencia del mayor 
y menor valor en un conjunto 
de datos.

rango de una función o 
relación Conjunto de los valores de 
salida de una función o relación.

tasa Razón que compara dos 
cantidades medidas en diferentes 
unidades.

razón Comparación de dos 
cantidades mediante una división.

ecuación racional Ecuación que 
contiene una o más expresiones 
racionales.

exponente racional Exponente que 

se puede expresar como   m __ n   tal que, 
si m y n son números enteros, 
entonces 

b  
  m _ n   

 =   
n
 √ ��  b  m     =   (  

n
 √ � b  )  

m
 .

  √ ��� x + 3   + 4 = 7

f (x)  =   √ � x  

  √ ��� x + 3   ≤ 7

  √ �� 36   = 6,   3 √ �� 27   = 3

  √ ��� x + 3   - 2

Radicand

Mr. Hansen chose a random 
sample of the class by writing each 
student’s name on a slip of paper, 
mixing up the slips, and drawing 
five slips without looking.

The data set  
⎧ 
 
 ⎨   

⎩
 3, 3, 5, 7, 8, 10, 11, 11, 12 

⎫ 
 
 ⎬   

⎭
  

has a range of 12 - 3 = 9.

The range of y =  x  2  is  
⎧ 
 
 ⎨   

⎩
 y | y ≥ 0 

⎫ 
 
 ⎬   

⎭
 .

  55 miles _ 
1 hour

   = 55 mi/h

  1 _ 
2
   or 1:2

  x + 2 __  
 x  2  + 3x - 1

   = 6

 4  
  3 __ 
2
  
  =   √ �  4  3    =   √ �� 64   = 8

 4  
  3 __ 
2
  
  =   (  √ � 4  )  

3
  =  2  3  = 8
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rational expression (p. 577) 
An algebraic expression whose 
numerator and denominator 
are polynomials and whose 
denominator has a degree ≥ 1.

rational function (p. 592) A 
function whose rule can be 
written as a rational expression.

rational inequality (p. 603) An 
inequality that contains one or 
more rational expressions.

rational number (p. 6) A number 

that can be written in the form   a __ 
b
  , 

where a and b are integers and 
b ≠ 0.

rationalizing the denominator 
(p. 22) A method of rewriting a 
fraction by multiplying by another 
fraction that is equivalent to 1 
in order to remove radical terms 
from the denominator.

real axis (p. 382) The horizontal 
axis in the complex plane; it 
graphically represents the real part 
of complex numbers.

real number (p. 6) A rational or 
irrational number. Every point on 
the number line represents a real 
number.

real part of a complex number 
(p. 351) For a complex number of 
the form a + bi, a is the real part.

reciprocal (p. 14) For a real 
number a ≠ 0, the reciprocal of a 
is   1 __ a  . The product of reciprocals is 
1.

recursive formula (p. 862) A 
formula for a sequence in which 
one or more previous terms are 
used to generate the next term.

reduced row-echelon form 
(p. 288) A form of an augmented 
matrix in which the coefficient 
columns form an identity matrix.

expresión racional Expresión 
algebraica cuyo numerador y 
denominador son polinomios y cuyo 
denominador tiene un grado ≥ 1.

función racional Función cuya 
regla se puede expresar como una 
expresión racional.

desigualdad racional Desigualdad 
que contiene una o más expresiones 
racionales.

número racional Número que se 

puede expresar como   a __ 
b
  , donde a y b 

son números enteros y b ≠ 0.

racionalizar el denominador Método 
que consiste en escribir nuevamente 
una fracción multiplicándola por 
otra fracción equivalente a 1 a fin de 
eliminar los términos radicales del 
denominador.

eje real Eje horizontal de un plano 
complejo. Representa gráficamente 
la parte real de los números 
complejos.

número real Número racional o 
irracional. Cada punto de la recta 
numérica representa un número 
real.

parte real de un número 
complejo Dado un número 
complejo del tipo a + bi, a es la 
parte real.

recíproco Dado el número real 
a ≠ 0, el recíproco de a es    1 __ a  . El 
producto de los recíprocos es 1.

fórmula recurrente Fórmula para 
una sucesión en la cual uno o más 
términos anteriores se utilizan para 
generar el término siguiente.

forma escalonada reducida por 
filas Forma de matriz aumentada en 
la que las columnas de coeficientes 
forman una matriz de identidad.

  x + 2 __  
 x  2  + 3x - 1

  

f (x)  =   x + 2 __  
 x  2  + 3x - 1

  

  x + 2 __  
 x  2  + 3x - 1

   ≥ 6

3, 1.75, 0. 
− 3 , -  2 _ 

3
  , 0

  1 _ 
  √ � 2  

    (    
√ � 2   _ 
  √ � 2   

  ) =     
√ � 2   _ 
2
  

-5, 0,   2 _ 
3
  ,   √ � 2  , 3.1, π

5 + 6i

 Real part Imaginary part

  1 _ 
2
   is the reciprocal of 2.

  5 _ 
3
   is the reciprocal of   3 _ 

5
  .

For the sequence 5, 7, 9, 11, …, 
a recursive formula is  a  1  = 5 and  
a  n  =  a  n-1  + 2.

 ⎡ 
 
 ⎢   ⎣   1   
 0
   

0
   

1
    -1

   
3
   ⎤ 
 
 �   ⎦ 
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reference angle (p. 937) For an 
angle in standard position, the 
reference angle is the positive 
acute angle formed by the 
terminal side of the angle and the 
x-axis.

reflection (p. 60) A transformation 
that reflects, or “flips,” a graph 
or figure across a line, called 
the line of reflection, such that 
each reflected point is the same 
distance from the line of reflection 
but is on the opposite side of the 
line.

reflection matrix (p. 263) A matrix 
used to reflect a figure across a 
specified line of symmetry.

regression (p. 142) The statistical 
study of the relationship between 
variables.

relation (p. 44) A set of ordered 
pairs.

replacement set (p. 55) A set of 
numbers that can be substituted 
for a variable.

right angle (p. 960) An angle that 
measures 90°.

right triangle (p. 20) A triangle 
with one right angle.

rigid transformation (p. 261) A 
transformation that does not 
change the size or shape of a 
figure.

root of an equation (p. 334) Any 
value of the variable that makes 
the equation true.

roster notation (p. 7) A way of 
representing a set by listing the 
elements between braces, { }.

ángulo de referencia Dado un 
ángulo en posición estándar, el 
ángulo de referencia es el ángulo 
agudo positivo formado por el lado 
terminal del ángulo y el eje x.

reflexión Transformación que 
refleja, o invierte, una gráfica o 
figura sobre una línea, llamada la 
línea de reflexión, de manera tal que 
cada punto reflejado esté a la misma 
distancia de la línea de reflexión 
pero que se encuentre en el lado 
opuesto de la línea.

matriz de reflexión Matriz utilizada 
para reflejar una figura sobre un eje 
de simetría específico.

regresión Estudio estadístico de la 
relación entre variables.

relación Conjunto de pares 
ordenados.

conjunto de reemplazo Conjunto de 
números que pueden sustituir una 
variable.

ángulo recto Ángulo que mide 90°.

triángulo rectángulo Triángulo con 
un ángulo recto.

transformación 
rígida Transformación que no 
cambia el tamaño o la forma de una 
figura.  

raíz de una ecuación Cualquier valor 
de la variable que transforme la 
ecuación en verdadera.

notación de lista Forma de 
representar un conjunto 
enumerando los elementos entre 
llaves, { }.

Matrix  ⎡ 
 
 ⎢   ⎣   -1   

0
   

0
   

1
   ⎤ 
 
 �   ⎦  was used to 

reflect the figure across the y-axis.

 
⎧
 
 
 ⎨   

⎩
  (0, 5) ,  (0, 4) ,  (2, 3) ,  (4, 0)  

⎫
 

 
 ⎬   

⎭
 

The solution set of y = x + 3 for 

the replacement set  
⎧
 

 
 ⎨   

⎩
 1, 2, 3 

⎫
 
 
 ⎬   

⎭
  is 

 
⎧
 
 
 ⎨   

⎩
  4, 5, 6 

⎫
 

 
 ⎬   

⎭
 .

Reflections, rotations, 
and translations are rigid 
transformations.

The roots of  (x - 2)  (x + 1)  = 0 
are 2 and -1.

The first 5 positive odd numbers 

are  
⎧
 
 
 ⎨   

⎩
 1, 3, 5, 7, 9 

⎫
 

 
 ⎬   

⎭
 .
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rotation (p. 261) A transformation 
that rotates or turns a figure 
about a point called the center of 
rotation.

rotation matrix (p. 264) A matrix 
used to rotate a figure about the 
origin.

row operation (p. 288) An 
operation performed on a row of 
an augmented matrix that creates 
an equivalent matrix.

row-reduction method (p. 288) 
The process of performing 
elementary row operations on an 
augmented matrix to transform 
the matrix to reduced row echelon 
form.

sample space (p. 802) The set 
of all possible outcomes of a 
probability experiment.

scalar (p. 248) A number that is 
multiplied by a matrix.

scale factor (p. 99) The multiplier 
used on each dimension to change 
one figure into a similar figure.

scatter plot (p. 142) A graph with 
points plotted to show a possible 
relationship between two sets of 
data.

rotación Transformación que hace 
rotar o girar una figura sobre un 
punto llamado centro de rotación.

matriz de rotación Matriz utilizada 
para rotar una figura sobre el origen.

operación por filas 
Operación realizada en 
una fila de una matriz 
aumentada que crea una 
matriz equivalente.

método de reducción por 
filas Proceso por el cual 
se realizan operaciones 
elementales de filas en una 
matriz aumentada para 
transformar la matriz en 
una forma reducida de filas 
escalonadas.

espacio muestral Conjunto de 
todos los resultados posibles en un 
experimento de probabilidades.

escalar Número que se multiplica 
por una matriz.

factor de escala El multiplicador 
utilizado en cada dimensión para 
transformar una figura en una figura 
semejante.

diagrama de dispersión Gráfica con 
puntos que se usa para demostrar 
una relación posible entre dos 
conjuntos de datos.

Matrix   ⎡ 
 
 ⎢   ⎣    0

   
-1

   
1
   

0
   ⎤ 
 
 �   ⎦   was used to 

rotate the figure 90° clockwise.

 
⎡
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S
In the experiment of rolling a 
number cube, the sample space is  
⎧
 
 
 ⎨   

⎩
 1, 2, 3, 4, 5, 6 

⎫
 
 
 ⎬   

⎭
 .

 3 ⎡ 
 
 ⎢   ⎣   1   
2
   -2   

3
   ⎤ 
 
 �   ⎦  =  ⎡ 

 
 ⎢   ⎣   3   
6
   

-6 
    

9
  ⎤ 
 
 �   ⎦ 

scalar
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scientific notation (p. 36) A 
method of writing very large or 
very small numbers, by using 
powers of 10, in the form m × 1 0  n , 
where 1 ≤ m < 10 and n is an 
integer.

secant of an angle (p. 932) In 
a right triangle, the ratio of the 
length of the hypotenuse to the 
length of the side adjacent to 
angle A. It is the reciprocal of the 
cosine function.

second differences (p. 374) 
Differences between first 
differences of a function.

sequence (p. 862) A list of 
numbers that often form a 
pattern.

series (p. 870) The indicated sum 
of the terms of a sequence.

set (p. 6) A collection of items 
called elements.

set-builder notation (p. 8) A 
notation for a set that uses a rule 
to describe the properties of the 
elements of the set.

Sierpinski triangle (p. 864) A 
fractal formed from a triangle by 
removing triangles with vertices at 
the midpoints of the sides of each 
remaining triangle.

similar (p. 99) Two figures are 
similar if they have the same 
shape but not necessarily the 
same size.

simple event (p. 819) An event 
consisting of only one outcome.

simplify (p. 28) To perform all 
indicated operations.

notación científica Método que 
consiste en escribir números muy 
grandes o muy pequeños utilizando 
potencias de 10 del tipo m × 1 0  n , 
donde 1 ≤ m < 10 y n es un número 
entero.  

secante de un ángulo En un 
triángulo rectángulo, la razón entre 
la longitud de la hipotenusa y la 
longitud del cateto adyacente al 
ángulo A. Es la inversa de la función 
coseno. 

segundas diferencias 
Diferencias entre las primeras 
diferencias de una función.

sucesión Lista de números que 
generalmente forman un patrón.

serie Suma indicada de los términos 
de una sucesión.

conjunto Grupo de componentes 
denominados elementos.

notación de conjuntos Notación 
para un conjunto que se vale de una 
regla para describir las propiedades 
de los elementos del conjunto.

triángulo de Sierpinski Fractal 
formado a partir de un triángulo 
al cual se le recortan triángulos 
cuyos vértices se encuentran en los 
puntos medios de los lados de cada 
triángulo restante.

semejantes Dos figuras son 
semejantes si tienen la misma forma 
pero no necesariamente el mismo 
tamaño.

suceso simple Suceso que contiene 
sólo un resultado.

simplificar Realizar todas las 
operaciones indicadas.

1.256 1 0  13  = 12,560,000,000,000
7.5 ×  10  -6  = 0.0000075

sec A =   
hypotenuse

  __ 
adjacent

   =   1 _ 
cos A

  

x 0 1 2 3

y 1 4 9 16

first differences +3 +5 +7
second differences +2 +2

1, 2, 4, 8, 16, …

1 + 2 + 4 + 8 + 16 + …

  
⎧
 
 
 ⎨   

⎩
 1, 2, 3 

⎫
 
 
 ⎬   

⎭
 

 
⎧
 

 
 ⎨   

⎩
 x | x > 3 

⎫
 
 
 ⎬   

⎭
  is read, “The set of all x 

such that x is greater than 3.”

In the experiment of rolling 
a number cube, the event 
consisting of the outcome 3 
is a simple event.

3 (4)  + 7 
12 + 7 
19
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simulation (p. 810) A model of an 
experiment, often one that would 
be too difficult or time-consuming 
to actually perform.

sine (p. 929) In a right triangle, 
the ratio of the length of the side 
opposite ∠A to the length of the 
hypotenuse.

slope (p. 106) A measure of the 
steepness of a line. If  ( x  1 ,  y  1 )  and  
( x  2 ,  y  2  )  are any two points on the 
line, the slope of the line, known 
as m, is represented by the 

equation m =   
 y  2  -  y  1 

 _  x  2  -  x  1   .

slope-intercept form (p. 107) The 
slope-intercept form of a linear 
equation is y = mx + b, where m is 
the slope and b is the y-intercept.

solution set of an equation 
(p. 90) The set of values that make 
an equation true.

solving a triangle (p. 959) Using 
given measures to find unknown 
angle measures or side lengths of 
a triangle.

special right triangle (p. 928) 
A 45°-45°-90° triangle or a 
30°-60°-90° triangle.

square matrix (p. 255) A matrix 
with the same number of rows as 
columns.

square root (p. 21) A number that 
is multiplied to itself to form a 
product is called a square root of 
that product.

simulación Modelo de un 
experimento; generalmente se 
recurre a la simulación cuando 
realizar dicho experimento sería 
demasiado difícil o llevaría mucho 
tiempo.

seno En un triángulo rectángulo, 
razón entre la longitud del cateto 
opuesto a ∠A y la longitud de la 
hipotenusa.

pendiente Medida de la inclinación 
de una línea. Dados dos puntos  
( x  1 ,  y  1 )  y  ( x  2 ,  y  2  )  en una línea, la 
pendiente de la línea, denominada 
m, se representa con la ecuación 

m =   
 y  2  -  y  1 

 _  x  2  -  x  1   .

forma de pendiente-intersección 
La forma de pendiente-intersección 
de una ecuación lineal es 
y = mx + b, donde m es la pendiente 
y b es la intersección y. 

conjunto solución de una 
ecuación Conjunto de valores que 
hacen verdadero un enunciado.

resolución de un triángulo Utilizar 
medidas dadas para hallar las 
medidas desconocidas de los 
ángulos o las longitudes de los lados 
de un triángulo.

triángulo rectángulo 
especial Triángulo de 
45°-45°-90° o triángulo 
de 30°-60°-90°.

matriz cuadrada Matriz con 
el mismo número de filas y 
columnas.

raíz cuadrada El número que se 
multiplica por sí mismo para formar 
un producto se denomina la raíz 
cuadrada de ese producto.

A random number generator 
is used to simulate the roll of 
a number cube.

sin A =   
opposite

 __  
hypotenuse

  .

m =   4 _ 
4
   = 1

y = -2x + 4

 slope y-intercept

The solution set of  x  2  = 9 is  
⎧
 

 
 ⎨   

⎩
 -3, 3 

⎫
 
 
 ⎬   

⎭
 .

49° + 40° + m∠T = 180°
m∠T = 91°

sin 49° _ r   =   sin 40° _ 
20

      sin 91° _ 
t
   =   sin 40° _ 

20
  

r ≈ 23.5 t ≈ 31.1

 ⎡ 
 
 ⎢   ⎣   1   
0
    2    

-3
   ⎤ 
 
 �   ⎦  ,  

⎡
 
 

 ⎢   
⎣

   
1
 

 
 2   

0

   
-3

 
 

 0   

1

    
1
 

 
 -2   

3

  
⎤
 
 

 �   
⎦

 

-4 and 4 are square roots of 16 
because   (-4)  2  = 16 and  4  2  = 16.
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square-root function (p. 619) A 
function whose rule contains a 
variable under a square-root sign.

standard deviation (p. 830) A 
measure of dispersion of a data 
set. The standard deviation σ is 
the square root of the variance.

standard form of a linear 
equation (p. 111) Ax + By = C, 
where A, B, and C are real 
numbers.

standard form of a polynomial 
(p. 406) A polynomial in one 
variable is written in standard 
form when the terms are in order 
from greatest degree to least 
degree.

standard form of a quadratic 
equation (p. 324) a x  2  + bx + c = 0, 
where a, b, and c are real numbers 
and a ≠ 0.

standard position (p. 936) An 
angle in standard position has its 
vertex at the origin and its initial 
side on the positive x-axis.

step function (p. 663) A piecewise 
function that is constant over each 
interval in its domain.

stretch (p. 61) A transformation 
that pulls the points of a graph 
horizontally away from the y-axis 
or vertically away from the x-axis.

subset (p. 6) A set that is 
contained entirely within another 
set. Set B is a subset of set A if 
every element of B is contained in 
A, denoted B ⊂ A.

función de raíz cuadrada Función 
cuya regla contiene una variable 
bajo un signo de raíz cuadrada.

desviación estándar Medida de 
dispersión de un conjunto de 
datos. La desviación estándar 
σ es la raíz cuadrada de la 
varianza.

forma estándar de una ecuación 
lineal Ax + By = C, donde A, B y C 
son números reales.

forma estándar de un polinomio Un 
polinomio de una variable se 
expresa en forma estándar cuando 
los términos se ordenan de mayor a 
menor grado.

forma estándar de una ecuación 
cuadrática a x  2  + bx + c = 0, donde 
a, b y c son números reales y a ≠ 0.

posición estándar Ángulo cuyo 
vértice se encuentra en el origen y 
cuyo lado inicial se encuentra sobre 
el eje x.

función escalón Función a trozos 
que es constante en cada intervalo 
en su dominio.

estiramiento Transformación que 
desplaza los puntos de una gráfica 
en forma horizontal alejándolos del 
eje y o en forma vertical alejándolos 
del eje x.

subconjunto Conjunto que 
se encuentra dentro de otro 
conjunto. El conjunto B es un 
subconjunto del conjunto A si 
todos los elementos de B son 
elementos de A; se expresa 
B ⊂ A.

f (x)  =   √ � x  

Data set:  
⎧
 
 
 ⎨   

⎩
 6, 7, 7, 9, 11 

⎫
 
 
 ⎬   

⎭
 

Mean:   6 + 7 + 7 + 9 + 11  __ 
5
   = 8

Variance:   1 _ 
5
   (4 + 1 + 1 + 1 + 9)  = 3.2

Standard deviation: σ =   √ �� 3.2   ≈ 1.8

2x + 3y = 6

3 x  3  - 5 x  2  + 6x - 7

2 x  2  + 3x - 1 = 0

The set of integers is a subset 
of the set of rational numbers, 
denoted * ⊂ '.
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substitution (p. 190) A method 
used to solve systems of equations 
by solving an equation for one 
variable and substituting the 
resulting expression into the other 
equation(s).

summation notation (p. 870) A 
method of notating the sum of a 
series using the Greek letter ∑ 
(capital sigma).

synthetic division (p. 423) A 
shorthand method of dividing by a 
linear binomial of the form  (x - a)  
by writing only the coefficients of 
the polynomials.

system of equations (p. 182) A 
set of two or more equations that 
have two or more variables.

system of linear equations 
(p. 182) See linear system.

system of linear inequalities 
(p. 199) A system of inequalities in 
two or more variables in which all 
of the inequalities are linear.

tangent of an angle (p. 929) In 
a right triangle, the ratio of the 
length of the leg opposite ∠A 
to the length of the leg adjacent 
to ∠A.

tangent line (p. 731) A line that is 
in the same plane as a circle and 
intersects the circle at exactly one 
point.

term of an expression (p. 28) The 
parts of the expression that are 
added or subtracted.

sustitución Método utilizado para 
resolver sistemas de ecuaciones 
resolviendo una ecuación para 
una variable y sustituyendo la 
expresión resultante en las demás 
ecuaciones.

notación de sumatoria Método de 
notación de la suma de una serie 
que utiliza la letra griega  ∑  
(SIGMA mayúscula). 

división sintética Método 
abreviado de división que 
consiste en dividir por un 
binomio lineal del tipo  
(x - a)  escribiendo sólo los 
coeficientes de los polinomios.

sistema de ecuaciones Conjunto de 
dos o más ecuaciones que contienen 
dos o más variables.

sistema de ecuaciones lineales Ver 
sistema lineal.

sistema de desigualdades 
lineales Sistema de desigualdades 
en dos o más variables en el que 
todas las desigualdades son lineales.

tangente de un ángulo En un 
triángulo rectángulo, razón entre la 
longitud del cateto opuesto a ∠A y la 
longitud del cateto adyacente a ∠A.

línea tangente Línea que está en el 
mismo plano que un círculo y corta 
al círculo en exactamente un punto.

término de una expresión Partes 
de la expresión que se suman o se 
restan. 

  
⎧
 
 

 ⎨   
⎩

  
 2x + 3y = -1

         
x - 3y = 4

  

Solve for x. x = 4 + 3y

Substitute into the first 
equation and solve.
2 (4 + 3y)  + 3y = -1
 y = -1
Then solve for x.
x = 4 + 3 (-1)  = 1

  ∑ 
k = 1

   
5

  3k  = 3 + 6 + 9 + 12 + 15 = 45

 ( x  3  - 7x + 6)  ÷  (x - 2) 

 2  1 0  -7         6
  −−−−−−−−−−−       2   4 6 
     1    2   -3 0

 ( x  3  - 7x + 6)  ÷  (x - 2)  =  x  2  + 2x - 3

 
⎧
 
 

 ⎨   
⎩

   
 2x + 3y = -1

         
 x  2  = 4

  

 
⎧
 
 

 ⎨   
⎩

   
 2x + 3y ≥ -1

         
x - 3y < 4

  

T

tan A =   
opposite

 _ 
adjacent

  

  3 x  2    + 6x - 8

Term Term Term
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term of a sequence (p. 862) 
An element or number in the 
sequence.

terminal side (p. 936) For an angle 
in standard position, the ray that 
is rotated relative to the positive 
x-axis.

theoretical probability (p. 802) 
The ratio of the number of equally 
likely outcomes in an event to 
the total number of possible 
outcomes.

third quartile (p. 829) The median 
of the upper half of a data set. Also 
called upper quartile.

three-dimensional coordinate 
system (p. 214) A space that is 
divided into eight regions by an 
x-axis, a y-axis, and a z-axis. The 
locations, or coordinates, of points 
are given by ordered triples.

transformation (p. 59) A change 
in the position, size, or shape of a 
figure or graph.

translation (p. 59) A 
transformation that shifts or slides 
every point of a figure or graph 
the same distance in the same 
direction.

translation matrix (p. 262) A 
matrix used to translate points on 
the coordinate plane.

transpose (p. 260) A matrix that 
reverses the rows and columns of 
a matrix.

término de una sucesión Elemento 
o número de una sucesión.

lado terminal Dado un ángulo en 
una posición estándar, el rayo que 
rota en relación con el eje positivo x.

probabilidad teórica Razón entre el 
número de resultados igualmente 
probables de un suceso y el número 
total de resultados posibles.

tercer cuartil La mediana de la 
mitad superior de un conjunto 
de datos. También se llama cuartil 
superior.

sistema de coordenadas 
tridimensional Espacio dividido 
en ocho regiones por un eje x, un 
eje y y un eje z. Las ubicaciones, 
o coordenadas, de los puntos son 
dadas por tripletas ordenadas.

transformación Cambio en la 
posición, tamaño o forma de una 
figura o gráfica.

traslación Transformación en la 
que todos los puntos de una figura 
se mueven la misma distancia en la 
misma dirección.

matriz de traslación Matriz utilizada 
para trasladar puntos en el plano 
cartesiano.

transposición Matriz que 
invierte las filas y columnas 
de una matriz.

5 is the third term in the 
sequence 1, 3, 5, 7, …

The theoretical probability of 
rolling an odd number on a 
number cube is   3 _ 

6
   =   1 _ 

2
  .

 Lower half Upper half

18, 23, 28, 29, 36, 42

  Third quartile

Matrix  ⎡ 
 
 ⎢   ⎣   -2   

3
   -2   

3
   -2   

3
   ⎤ 
 
 �   ⎦  is used to 

translate the figure 2 units left 
and 3 units up.

  
⎡
 
 

 ⎢   
⎣

   
1
 
 

 3   

5

   
2 

 
 

 4   

6

   
⎤
 
 

 �   
⎦

  is the transpose of  ⎡ 
 
 ⎢   ⎣   1   
2
   3     

4
   5     

6
   ⎤ 
 
 �   ⎦ .
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transverse axis (p. 744) The axis 
of symmetry of a hyperbola that 
contains the vertices and foci.

tree diagram (p. 812) A branching 
diagram that shows all possible 
combinations or outcomes of an 
experiment.

trial (p. 805) In probability, a 
single repetition or observation of 
an experiment.

trigonometric function (p. 929) A 
function whose rule is given by a 
trigonometric ratio.

trigonometric ratio (p. 929) Ratio 
of the lengths of two sides of a 
right triangle.

trigonometry (p. 929) The study of 
the measurement of triangles and 
of trigonometric functions and 
their applications.

trinomial (p. 336) A polynomial 
with three terms.

turning point (p. 455) A point 
on the graph of a function that 
corresponds to a local maximum 
(or minimum) where the graph 
changes from increasing to 
decreasing (or vice versa).

unit circle (p. 944) A circle with a 
radius of 1, centered at the origin.

eje transversal Eje de simetría de 
una hipérbola que contiene los 
vértices y focos.

diagrama de árbol Diagrama con 
ramificaciones que muestra todas las 
combinaciones o resultados posibles 
de un experimento.

prueba En probabilidad, una sola 
repetición u observación de un 
experimento.

función trigonométrica Función 
cuya regla es dada por una razón 
trigonométrica.

razón trigonométrica Razón entre 
dos lados de un triángulo rectángulo.

trigonometría Estudio de la 
medición de los triángulos y de las 
funciones trigonométricas y sus 
aplicaciones.

trinomio Polinomio con tres 
términos.

punto de inflexión Punto de 
la gráfica de una función que 
corresponde a un máximo (o 
mínimo) local donde la gráfica pasa 
de ser creciente a decreciente 
(o viceversa).

círculo unitario Círculo con un radio 
de 1, centrado en el origen.

In the experiment of rolling a 
number cube, each roll is one trial.

f (x)  = sin x

4 x  2  + 3xy - 5 y  2 

U

sin A =   a _ c  , cos A =   b _ c  , tan A =   a _ 
b
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variable (p. 3) A symbol used 
to represent a quantity that can 
change.

variable matrix (p. 279) The 
matrix of the variables in a linear 
system of equations.

variance (p. 830) The average 
of squared differences from the 
mean. The square root of the 
variance is called the standard 
deviation.

Venn diagram (p. S72) A diagram 
used to show relationships 
between sets.

vertex form of a quadratic 
function (p. 318) A quadratic 
function written in the form 
f (x)  = a  (x - h)  2  + k, where a, h, 
and k are constants and  (h, k)  is 
the vertex.

vertex of a hyperbola 
(vertices) (p. 744) The endpoints 
of the transverse axis of the 
hyperbola.

vertex of an absolute-value 
graph (p. 158) The point where 
the axis of symmetry intersects the 
graph.

vertex of an ellipse (vertices) 
(p. 736) The endpoints of the 
major axis of the ellipse.

variable Símbolo utilizado 
para representar una cantidad 
que puede cambiar.

matriz de variables Matriz de las 
variables de un sistema lineal de 
ecuaciones.

varianza Promedio de las 
diferencias cuadráticas en 
relación con la media. La raíz 
cuadrada de la varianza se 
denomina desviación estándar.

diagrama de Venn 
Diagrama utilizado para 
mostrar la relación entre 
conjuntos.

forma en vértice de una 
función cuadrática Una función 
cuadrática expresada en la forma 
f (x)  = a  (x - h)  2  + k, donde a, h y k 
son constantes y  (h, k)  es el vértice.

vértice de una hipérbola Extremos 
del eje transversal de la hipérbola.

vértice de una gráfica de valor 
absoluto Punto donde en el eje 
de simetría interseca la gráfica.

vértice de una elipse Extremos del 
eje mayor de la elipse.

V
2x + 3

variable

System of  Variable 
equations matrix

 
⎧
 
 

 ⎨   
⎩

   
2x + 3y = -1

         
x - 3y = 4

    ⎡ 
 
 ⎢   ⎣   x   y   ⎤ 
 
 �   ⎦ 

Data set: is  
⎧
 

 
 ⎨   

⎩
  6, 7, 7, 9, 11 

⎫
 
 
 ⎬   

⎭
 

Mean:   6 + 7 + 7 + 9 + 11  __ 
5
   = 8

Variance:   1 _ 
5
   (4 + 1 + 1 + 1 + 9)  = 3.2

f (x)  =   (x - 2)  2  + 2
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ENGLISH SPANISH EXAMPLES
vertex of a parabola (p. 318) The 
highest or lowest point on the 
parabola.

vertical line (p. 108) A line whose 
equation is x = a, where a is the 
x-intercept. The slope of a vertical 
line is undefined.

vertical-line test (p. 46) A test 
used to determine whether a 
relation is a function. If any 
vertical line crosses the graph of 
a relation more than once, the 
relation is not a function.

whole number (p. 6) The set of 
natural numbers and zero.

x-intercept (p. 106) The 
x-coordinate(s) of the point(s) 
where a graph intersects the 
x-axis.

y-intercept (p. 106) The 
y-coordinate(s) of the point(s) 
where a graph intersects the 
y-axis.

vértice de una parábola Punto más 
alto o más bajo de una parábola.

línea vertical Línea cuya ecuación es 
x = a, donde a es la intersección con 
el eje x. La pendiente de una línea 
vertical es indefinida.

prueba de la línea vertical Prueba 
utilizada para determinar si una 
relación es una función. Si una 
línea vertical corta la gráfica de una 
relación más de una vez, la relación 
no es una función.

número cabal Conjunto de los 
números naturales y cero.

intersección con el eje x 
Coordenada(s) x de uno o más 
puntos donde una gráfica corta el 
eje x.

intersección con el eje y 
Coordenada(s) y de uno o más 
puntos donde una gráfica corta el 
eje y.

W

X

Y

0, 1, 2, 3, 4, 5, …
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ENGLISH SPANISH EXAMPLES

z-axis (p. 214) The third axis in 
a three-dimensional coordinate 
system.

zero exponent (p. 35) For any 
nonzero real number x,  x  0  = 1.

zero of a function (p. 333) For the 
function f, any number x such that 
f  (x)  = 0.

eje z Tercer eje en un sistema de 
coordenadas tridimensional.

exponente cero Dado un número 
real distinto de cero x,  x  0  = 1.

cero de una función Dada la función 
f, todo número x tal que f (x)  = 0.

Z

 5  0  = 1

The zeros of f (x)  =  x  2  + 2x - 3 
are -3 and 1.
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Index
A
AAS (angle-angle-side), 959
Absolute value, 151

 of a complex number, 382
Absolute-value equations, 

solving, 151–153, 157
Absolute-value functions, 158–160

 graphing, 158–160
 vertex of, 159

Absolute-value inequality, 
solving an, 152

Absolute-value parent function, 158
Academic Vocabulary, 4, 88, 180, 244, 

312, 404, 488, 566, 652, 720, 792, 
860, 926, 988

Acapulco, Mexico, 346
Accessibility, 102
Accuracy, S57
Acute triangles, 198
Addition

 associative property, 412
 commutative property, 412
 of complex numbers, 383–384
 of functions, 682
 of matrices, 247
 of polynomials, 407–408
 of square roots, 23
 of rational expressions, 583–587

Addition method, 191
Addition Property of Equality, 90
Additive Identity Property, 14, 249
Additive Inverse Property, 14, 249
Additive inverses of matrices, 249
Addresses of matrix entries, 246
Adjacency matrix, 296
Adjacent angles, S59
Adjacent leg of right triangle, 929
Advertising, 31, 138, 209
Aerogel, 72
Aeronautics, 123
Aerospace, 94, 362
Aerospace Link, 362
Agnesi, Maria, 598
Agnesi curve, 598
Agriculture, 574, 703, 704, 765, 970
Air travel, 842
Akashi-Kaikyo Bridge, 756
Aldrin, Buzz, 31
Algebra, Fundamental Theorem of, 

445–448
Algebra Lab see also Technology Lab

 Chess Translations, 58
 Collect Experimental Data, 836
 Explore Infinite Geometric Series, 899
 Explore the Sum and Difference of Two 

Cubes, 429

 Locate the Foci of an Ellipse, 743
 Model Inverse Variation, 568
 Prove Laws of Logarithms, 530

Algebra tiles, 342
Algebraic expressions, 27

 evaluating, 28
 simplifying, 27–29
 writing, 27

Algebraic methods, 
solving linear systems using, 190–194

All of the Above, 854–855
Alternative fuels, 194
Ambiguous case (Law of Sines), 960
Amplitude, 991, 1000
Amusement Parks, 64, 294, 633
“And” compound inequalities, 

150–153
Angel Falls, 346
Angle(s), S59

 central, 141
 complementary, S59
 congruent, 198
 coterminal, 937
 of depression, 931
 of elevation, 931
 measures, S58

converting, 943
 quadrantal, 948
 reference, see Reference angles
 relationships, 1007, S59
 of rotation, 936–938
 supplementary, S59
 trigonometry and, 956
 vertical, S59

Angle-angle-side (AAS), 959
Angle-side-angle (ASA), 959
Angular speed, 940
Animals, 502
Answer choices, eliminating, 714–715
Answer combinations, choosing, 

1042–1043
Anthropology, 144
Apollo 11, 31, 42
Apothem, 1007
Applications

 Accessibility, 102
 Advertising, 31, 138, 209
 Aeronautics, 123
 Aerospace, 94, 362
 Agriculture, 574, 703, 704, 765, 970
 Air Travel, 842
 Alternative Fuels, 194
 Amusement Parks, 633
 Animals, 502
 Anthropology, 144
 Aquariums, 186, 217
 Archaeology, 727
 Archery, 581
 Architecture, 110, 217, 576, 589, 

634, 741, 749, 866, 875, 877, 
885, 953, 969

 Art, 24, 266, 605, 905, 961, 963, 971

 Astronomy, 128, 155, 428, 517, 634, 
742, 764, 774, 948, 963

 Astrophysics, 625
 Athletics, 30, 148, 420, 808
 Automobile, 631
 Automotive, 319
 Aviation, 147, 187, 359, 625, 763, 

971
 Band, 597
 Banking, 55, 495, 543, 615, 701
 Baseball, 606, 704
 Basketball, 143
 Bicycle Sales, 462
 Bicycling, 187
 Biology, 39, 121, 147, 329, 338, 363, 

493, 496, 550, 582, 615, 625, 635, 
694, 703, 704, 749, 897, 1036

 Birthdays, 818
 Book Club, 821
 Books, 807
 Botany, 616, 841
 Bowling, 843
 Building, 111
 Business, 19, 54, 62, 64, 94, 101, 109, 

126, 155, 186, 189, 195, 224, 236, 
248, 370, 372, 411, 415, 418, 419, 
434, 469, 494, 504, 654, 659, 660, 
661, 677, 678, 685, 686, 688, 694, 
705, 766, 835

 Calculator, 534, 843, 941
 Cards, 807
 Careers, 12
 Carpentry, 49
 Cars, 574
 Charity, 290
 Chemistry, 10, 72, 95, 102, 103, 146, 

236, 284, 509, 517, 572, 574, 588, 
598, 634

 Chess, 866
 Circus, 371
 Civics, 277
 Civil Rights, 840
 Clocks, 885
 Clothing, 121, 503
 Collectibles, 495, 896
 College, 251
 College Tuition, 896
 Commercial Art, 971
 Communication, 101, 755, 756
 Community, 373, 548
 Community Services, 571
 Computer Science, 39
 Computers, 465, 807
 Conservation, 695, 700
 Construction, 102, 103, 226, 511, 563, 

728, 930
 Consumer, 128, 250, 274, 730 
 Consumer Economics, 16, 18, 94, 139, 

277, 686, 687, 885
 Cryptography, 280–282
 Currency, 275
 Data Collection, 148, 379, 549, 575, 

703
 Dentistry, 209
 Depreciation, 492, 914
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 Design, 266
 Diving, 258, 503
 Driving, 146
 Earth Science, 625, 1039
 Earthquakes, 687
 Ecology, 297, 432, 535, 549, 971
 Economics, 94, 96, 197, 226, 492, 532, 

534, 573, 703, 775
 Education, 140, 470, 502, 658
 Electronics, 947
 Employment, 816
 Energy Conservation, 911
 Engineering, 345, 739, 740, 756, 927, 

933, 946, 947
 Entertainment, 64, 118, 123, 196, 225, 

283, 339, 443, 496, 536, 574, 635, 
734, 803, 972, 994

 Environment, 102, 508, 534, 551, 589
 Exercise, 195, 885
 Expedition, 200
 Farming, 348, 449
 Fiber Arts, 259
 Fibonacci Sequence, 866
 Film, 376
 Finance, 435, 468, 517, 527, 536, 661, 

750, 874, 886, 897, 913
 Fireworks, 940
 Fish, 464
 Fitness, 98, 102, 275
 Flowers, 997
 Food, 101, 379, 510, 678, 798
 Football, 94, 161, 259, 833, 907
 Forestry, 450, 541, 660
 Fractals, 387, 864, 866, 896
 Fund-raising, 129, 137, 202, 218
 Game Shows, 906
 Games, 807, 834, 842
 Gardening, 329, 372, 378, 509, 962
 Gemology, 546
 Genealogy, 896
 Genetics, 823, 841, 843
 Geography, 25, 40, 275, 947
 Geology, 12, 155, 427, 495, 515, 516, 

679, 773, 834, 885, 931
 Geometry, 201, 660, 669, 679, 695, 

696, 726, 727, 733, 741, 799, 800, 
807, 808, 809, 823, 868, 905–907, 
935, 973, 1019

 Government, 576, 800
 Graphic Design, 260
 Graphing Calculator, 41, 71, 187, 329, 

347, 372, 412, 419, 443, 518, 544, 
634, 705, 841, 897, 898, 1012, 
1025, 1032, 1033

 Health, 458, 469, 659, 703, 821
 Heating, 1031
 Highway Traffic, 210
 Hiking, 231, 798
 History, 66, 139, 494, 733, 741, 934
 Hobbies, 102, 285, 377, 469, 660
 Home Economics, 30, 130, 146
 Ice Skating, 606
 Income, 865
 Income Tax, 203
 Industrial, 456

 Internet, 275
 Inventory, 255, 258
 Landscape Design, 457
 Language, 40
 Law Enforcement, 1002
 Literature, 95, 868
 Logistics, 535
 Manufacturing, 155, 189, 210, 329, 

463, 625, 695, 840
 Marketing, 128, 440
 Math History, 291, 292, 380, 519, 598, 

1002
 Measurement, 25, 39, 101, 418, 442, 

833, 896
 Medicine, 211, 408, 494, 543, 574, 

615, 626, 694, 818, 897, 996
 Meteorology, 111, 142, 501, 528, 615
 Money, 48, 140, 252, 389, 523, 677, 

800
 Movies, 339
 Music, 202, 372, 511, 527, 613, 799, 

897, 905
 National Parks, 740
 Navigation, 934, 952, 954, 964
 Number Theory, 410
 Nutrition, 145, 210, 273, 574
 Oceanography, 69, 231, 996, 1032
 Packaging, 283, 322
 Painting, 963
 Paleontology, 148, 533
 Paper, 896
 Parking, 667
 Performing Arts, 1032
 Personal Finance, 696
 Pet Adoption, 797
 Pets, 321, 667, 842
 Photography, 72, 293, 527, 528, 695, 

949
 Physics, 70, 120, 320, 361, 378, 425, 

547, 688, 749, 773, 864, 875, 885, 
911, 1011, 1012, 1018, 1025

 Polar Coordinates, 949
 Politics, 824
 Population, 687
 Problem-Solving, 37, 126, 207–208, 

280–281, 368–369, 447–448, 540, 
602, 675, 770–771, 839, 872–873, 
968, 1029

 Psychology, 155
 Public Safety, 824
 Puzzle, 259
 Quality Control, 841
 Radio, 772
 Railroads, 494
 Real Estate, 703, 894
 Recreation, 55, 63, 99, 129, 410, 433, 

550, 655, 658, 742, 774, 915, 933, 
939, 970, 995

 Recycling, 257
 Rent, 914
 Retail, 458, 500, 874
 Rock Climbing, 963
 Safety, 55, 361, 379, 677, 875
 Salary, 884, 895
 Sales, 259, 668

 Savings, 913
 School, 100, 111, 128, 129, 146, 291, 

840
 School Arts, 823
 Shipping, 667
 Shopping, 17, 833, 840, 898
 Social Studies, 548
 Sound, 510, 516, 887, 992, 995
 Space, 542
 Space Exploration, 622, 624
 Sports, 222, 335, 459, 599, 659, 665, 

756, 765, 818, 886, 894, 912, 1010, 
1032

 Statistics, 694
 Storage, 442, 449
 Stunts, 632
 Surveying, 100, 935, 972
 Swimming, 807
 Taxes, 676
 Technology, 38, 64, 95, 103, 156, 215, 

494, 549, 678, 896, 1003, 1033
 Telecommunication, 549
 Television, 823
 Tennis, 816
 Theater, 883
 Ticket Pricing, 147
 Tornadoes, 633
 Tourism, 470
 Track, 588
 Transportation, 29, 53, 65, 327, 587, 

605, 659
 Travel, 18, 31, 91, 100, 108, 156, 573, 

667, 734, 817, 825, 841, 874, 972, 
1013

 Water, 283
 Water-skiing, 776
 Waterfalls, 346
 Weather, 328, 470, 808
 Whales, 659
 Winter Sports, 185, 379
 Work, 573, 603, 605, 947
 Zoology, 162, 193

Approximate Solutions, 25, 26, 37, 
42, 55, 69, 85, 98, 101, 141, 319, 327, 
329, 346, 347, 359, 360, 362, 443, 
450, 456, 492, 503, 518, 533, 534, 
589, 609, 615, 687, 733, 809, 834, 
910–911, 947, 955, 1016, 1033

Aquariums, 186, 217
Arc, 943
Arc length formula, 945
Arccosine function, 951
Archaeology, 727
Archaeology Link, 727
Archery, 581
Archery Link, 581
Architecture, 110, 217, 576, 589, 741, 

749, 866, 875, 877, 885, 953, 969
Architecture Link, 589
Arcsine function, 951
Arctangent function, 951
Are You Ready?, 3, 87, 179, 243, 311, 

403, 487, 565, 651, 719, 791, 859, 
925, 987
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Area(s), 24, 321
 of composite figures, 349
 under a curve, 910–911
 of parallelograms, 276
 relative, 801
 of sectors of circles, 949
 surface, 581

volume and, 735
 of triangles, 958
 and volume relationships, 618, S64

Arguments, writing convincing, 861
Arithmetic, modular, 18
Arithmetic sequences, 879–883

 General Rule for, 880
Arithmetic series, 879–883

 defined, 882
 sum of the first n terms of an, 882

Armstrong, Neil, 31
Arrangements, 795
Art, 24, 266, 605, 634, 905, 961, 963, 971

 conic-section, 767
ASA (angle-side-angle), 959
Assessment

 Chapter Test, 80, 170, 236, 302, 396, 
478, 558, 642, 712, 782, 852, 916, 
980, 1040

 College Entrance Exam Practice
ACT, 171
SAT, 81, 643, 917
SAT Mathematics Subject Tests, 237, 

303, 397, 479, 559, 783, 853, 
981, 1041

SAT Student-Produced Responses, 
713

 Concept Connections, 42, 74, 132, 
164, 212, 228, 268, 294, 364, 390, 
436, 472, 520, 552, 608, 636, 680, 
706, 758, 776, 826, 844, 888, 908, 
956, 974, 1004, 1034 

  Concept Connections 
questions are also found 
in every exercise set. Some 
examples: 11, 18, 25, 31, 40

 Cumulative Assessment, 84–85, 
174–175, 240–241, 306–307, 
400–401, 482–483, 562–563, 
646–647, 716–717, 786–787, 
856–857, 920–921, 984–985, 
1044–1045

 Ready to Go On?, 43, 75, 133, 165, 
213, 229, 269, 295, 365, 391, 437, 
473, 521, 553, 609, 637, 681, 707, 
759, 777, 827, 845, 889, 909, 957, 
975, 1005, 1035

 Standardized Test Prep, 84–85, 
174–175, 240–241, 306–307, 
400–401, 482–483, 562–563, 
646–647, 716–717, 786–787, 
856–857, 920–921, 984–985, 
1044–1045
Standardized Test Prep 
questions are also found 
in every exercise set. Some 
examples: 13, 19, 26, 32, 41

 Strategies for Success
Any Question Type
 Identify Key Words and Context 

 Clues, 480–481
 Read a Test Item for 

 Understanding, 560–561
 Use a Diagram, 644–645
Extended Response: Write Extended 

Responses, 304–305
Gridded Response: Write Gridded 

Responses, 172–173
Multiple Choice
 Choose Answer Combinations, 

 1042–1043
 Context-Based Test Items, 

 784–785
 Eliminate Answer Choices, 

 714–715
 None of the Above or All of the 

 Above, 854–855
 Spatial-Reasoning Problems, 

 982–983
 Use Multiple Methods, 82–83
 Work Backward, 398–399
Short/Extended Response: Outline 

Your Response, 918–919
Short Response: Write Short 

Responses, 238–239
 Study Guide: Review, 76–79, 166–169, 

232–235, 298–301, 392–395, 
474–477, 554–557, 638–641, 
708–711, 778–781, 848–851, 
912–915, 976–979, 1036–1039

 Unpacking the Standards, 4, 88, 180, 
244, 312, 404, 488, 566, 652, 720, 
792, 860, 926, 988

Associative addition, 412
Associative Property of Equality 

for Matrices, 249
Associative Property of Real 

Numbers, 15
Astronomy, 128, 155, 428, 517, 742, 

764, 774, 948, 963
Astrophysics, 625
Asymptotes, 490, 669, 728, 999, 1000

 horizontal, 531, 593, 594
of a hyperbola, 744–746
of cosecant graphs, 1000
of cotangent graphs, 999
of secant graphs, 1000
of tangent graphs, 998
 vertical, 593–595

Athletics, 30, 148, 420, 808
Augmented matrices, 287

 row operations and, 287–290
Automobile, 631
Automotive, 319
Average, weighted, 828
Average slope of graph, 471
Aviation, 147, 187, 359, 625, 763, 

971
Aviation Link, 187, 954
Axis

 conjugate, of hyperbolas, 744

 major, of ellipses, 736
 minor, of ellipses, 736
 of symmetry, 323–324
of parabolas, 751, 754
 transverse, of hyperbolas, 744

 
B  
Band, 597
Banking, 55, 495, 543, 615, 701
Bar graphs, 141
Barrington Crater, 972
Base

 change of, formula for, 514
 of exponential functions, 490
 natural, e, 531–533
 of a power, 34

Baseball, 606, 704
Basketball, 143
Bay of Fundy, 1004
Bel (sound), 510
Bell ringers, 799
Bernoulli, Jacob, 842
Bias, S69
Bicycle sales, 462
Bicycling, 187
Big Ben, 885
Binary search, 156
Bingham Canyon copper mine, 

427
Binnie, Brian, 362
Binomial distributions, 837–840
Binomial expansion, 416
Binomial experiment, 838
Binomial probability, 838
Binomial Theorem, 837
Binomials, 336, 407

 expanding, 413
Biology, 39, 121, 147, 329, 338, 363, 

493, 496, 550, 582, 615, 625, 635, 
694, 703, 704, 749, 897, 1036

Biology Link, 39, 329, 615, 694
Birthdays, 818
Bixby Creek Bridge, 485
Blue whales, 659
Boiling point, 502
Book club, 821
Books, 807
Botany, 616, 841
Boundary line, 124

 graphing, 200
Bounded feasible region, 206
Bowling, 843
Box-and-whisker plot, 829, S68
Brahmagupta, 18
Branches of hyperbolas, 744
Bridges, 756
Broadway shows, 574
Building, 111
Busch Gardens, 443
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Business, 19, 54, 62, 64, 94, 101, 109, 
126, 155, 186, 189, 195, 224, 236, 
248, 370, 372, 411, 415, 418, 419, 
434, 469, 494, 504, 654, 659, 660, 
661, 677, 678, 685, 686, 688, 694, 
705, 766, 835

C  
Cadillac Mountain, 1029
Calculator, 534, 843, 941

 graphing, see Graphing calculator
Calculator malfunction, 1041
California State Capitol, 718
California Standards, CA28–CA33
Cantor dust, 866
Cantor set, 864
CAR key, 253
Card deck, 814
Cards, 807
Career Path

 Actuarial Science major, 775
 Economist, 277
 Nuclear propulsion officer candidate, 

435
 Nursing student, 877
 Radio announcer, 57
 Real estate agent, 551
 Surveying Assistant, 949

Careers, 12
Caribou herd, 535
Carpentry, 49
Carrrizo Plain National 

Monument, 486
Cars, 574
Cassini spacecraft, 542
Catenary, 486
Caution!, 35, 51, 106, 126, 143, 190, 

254, 263, 273, 280, 326, 343, 358, 
359, 409, 423, 513, 524, 531, 577, 
579, 593, 672, 684, 691, 747, 864, 
870, 871, 872, 892, 930, 952, 1020, 
1023, 1028, 1030

Celsius, Anders, 111
Central angles, 141
Central tendency, measures of, 

828–832
Change, rate of, 105
Change of Base Formula, 514
Chapter Test, 80, 170, 236, 302, 396, 

478, 558, 642, 712, 782, 852, 916, 
980, 1040

Charity, 290
Cheetahs, 615
Chemistry, 10, 72, 95, 102, 103, 146, 

236, 284, 509, 517, 572, 574, 588, 
598, 634

Chemistry Link, 72
Chernobyl nuclear plant, 534
Chess, 866

 translations, 58

Chicago Museum of Science and 
Industry, 736, 741

Chichén Itzá, 727
Choosing answer combinations, 

1042–1043
Circle(s), 722, 729–731

 angle relationships in, 1007, S62
 coefficients of, as conic sections, 761
 defined, 729
 equation of a, see Equation of a circle
 graphing, on a graphing calculator, 

722–723
 standard form for the, 760
 unit, see Unit circles

Circle graphs, 141
Circumference, 73
Circus, 371
Civics, 277
Civil Rights, 840
Classifying

 conic sections, 761
 linear systems, 184
 polynomials by degree, 407
 real numbers, 6–7

Cliff-diving, 346
Clocks, 885
Clocks Link, 885
Closure Property of Real 

Numbers, 15
Clothing, 121, 503
Co-vertices

 of ellipses, 736
 of hyperbolas, 744

Cobras, 39
Coefficient(s), 28

 of circles, as conic sections, 761
 correlation, 143
 of determination R 2, see R 2

 of ellipses, as conic sections, 761
 of friction, 1010
 of hyperbolas, as conic sections, 761
 leading, of a polynomial, 406
 of parabolas, as conic sections, 761

Coefficient matrix, 271
Collectibles, 495, 896
Collectibles Link, 896
Collecting experimental data, 836
College, 251
College Entrance Exam Practice, 

see also Assessment
 ACT, 171
 SAT, 81, 643, 917
 SAT Mathematics Subject Tests, 237, 

303, 397, 479, 559, 783, 853, 981, 
1041

 SAT Student-Produced Responses, 713
College Tuition, 896
Collinear points, 375
Colosseum, 741
Combinations, 796

 permutations and, 794–797
Combined variation, 572
Combining transformations, 

see Transformations
Commercial art, 971
Common differences, 879
Common (base 10) logarithm, 506, 

508, 515, 532
Common ratio, 890
Communicating Math 

 compare, 9, 23, 62, 127, 337, 370, 
739, 806, 883, 894

 describe, 62, 120, 127, 137, 216, 224, 
249, 256, 264, 274, 281, 337, 344, 
352, 360, 377, 493, 515, 541, 573, 
632, 771, 814, 832, 840, 865, 883, 
938, 946, 953, 970, 994, 1017, 
1023, 1030

 discuss, 493
 estimate, 216
 explain, 9, 16, 29, 46, 53, 70, 93, 100, 

109, 120, 127, 145, 153, 160, 185, 
194, 201, 208, 274, 281, 290, 319, 
327, 337, 344, 352, 370, 377, 385, 
409, 417, 425, 432, 442, 448, 456, 
463, 468, 501, 508, 515, 525, 533, 
541, 547, 573, 580, 587, 596, 604, 
614, 623, 632, 658, 676, 685, 693, 
701, 731, 739, 763, 797, 806, 822, 
865, 873, 883, 903, 932, 946, 953, 
962, 970, 994, 1001, 1010, 1017, 
1023

 extend, 814
 give an example, 93, 137, 501, 638
 identify, 53, 137, 676, 865
 list, 38
 name, 46
 Reading and Writing Math, 5, 89, 181, 

245, 313, 405, 489, 567, 653, 721, 
793, 861, 927, 989

 tell, 16, 29, 38, 145, 160, 256, 290, 
501, 515, 533, 541, 665, 797, 806, 
822, 840

 write, 153
 Write About It
  Write About It questions appear 

in every exercise set. Some 
examples: 12, 19, 25, 32, 41

 Write Extended Responses, 304–305
 Write Short Responses, 238–239

Communication, 101, 755, 756
Communication Link, 31
Community, 373, 548
Community services, 571
Commutative addition, 412
Commutative Property of Equality 

for Matrices, 249
Commutative Property of Real 

Numbers, 15
Compass, 743
Complement, 803, 821
Completing the square, 341–344

 solving quadratic equations by, 343
Complex conjugate, 352
Complex Conjugate Root 

Theorem, 447
Complex fractions, 586
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Complex numbers, 351
 absolute values of, 382
 complex roots and, 350–352
 operations with, 382–385
 complex zeros and, 350–352

Complex plane, 382
Complex roots, 350–352
Composite figures

 areas of, 349
Composite functions

 evaluating, 684
 writing, 684

Composition of functions, 683
Compound events, 819–822
Compound inequalities, 150–153, 

369, 670–671
Compound interest, 495, 517, 527, 

531–532, 534–536, 543, 556, 561
Compressions, 61, 135, 160, 672–673

 horizontal, 672, 673, 991
of exponential functions, 537
of logarithmic functions, 538
of polynomial functions, 460
 of quadratic functions, 317
of sine and cosine, 991
 vertical, 672, 673

Computer science, 39
Computers, 465, 807
Concept Connection, 42, 74, 132, 164, 

212, 228, 268, 294, 364, 390, 436, 
472, 520, 552, 608, 636, 680, 706, 
758, 776, 826, 844, 888, 908, 956, 
974, 1004, 1034
Concept Connections questions 
are also found in every exercise 
set. Some examples: 11, 18, 25, 
31, 40

Conditional probability, 812–814
Cones, 735
Congruent angles, 198
Congruent segments, 198
Conic-section art, 767
Conic sections, 718–789

 applying, 776
 classifying, 761
 defined, 722
 degenerate, 728
 general form of, 766
 identifying, 760–763
 introduction to, 722–725
 understanding, 758

Conjecture, 1006
 making a, 33, 58, 314, 332, 413, 452, 

497, 518, 549, 568, 591, 671, 899, 
942, 1006

Conjugate axis of symmetry of 
hyperbolas, 744

Conjunction, 150
Connecting Algebra

 to Data Analysis, 141
 to Geometry, 20, 198, 219, 261, 349, 

421, 618, 689, 735, 801, 869, 928, 
1007

 to Number Theory, 413
 to Previous Courses, 331
 to Probability, 529

Conservation, 695, 700
Consistent systems, 183, 184, 271
Constant of variation, 569
Constant differences, identifying 

models by using, 698–699
Constant matrix, 279
Constant parent function, 67
Constant ratios, 863

 identifying models by using, 698–699
Constant series, 871
Constant sum of an ellipse, using 

Distance Formula to find the, 736
Constraint, 205
Construction, 102, 103, 226, 511, 563, 

728, 930
Consumer application, 128, 250, 274, 

730
Consumer economics, 16, 18, 94, 139, 

277, 686, 687, 885
Context-based test items, 784–785
Context clues, 27

 identifying, 480–481
Continuous, 664
Continuous compounding, 531, 532
Continuous data, 846
Continuous functions, 593
Continuous probability 

distributions, 846
Contradiction, 92, 192
Converge, 900
Conversion factor, 98
Converting angle measures, 943
Convincing arguments, writing, 861
Coordinate geometry, 383, S63
Coordinate matrix, 263
Coordinate plane, 3, 214
Coordinate space, 214
Coordinate system, three-dimensional, 

214
Coordinates

 polar, 949
 rectangular, 949

Copper mine, 427
Cornfield maze, 177
Correlation, 142
Correlation coefficient r, 143, 700

 properties of the, 143
Cosecant function, 932, 1000

 characteristics of the graphs of, 1000
Cosine function, 929, 944, 990–993

 inverse, 951
Cosines, Law of, 966–970
Cotangent function, 932
Coterminal angles, 937
Countdown to Mastery, CA4–CA27
Counterexamples, 16, 903
Cramer’s rule, 271–274

 for three equations, 273

 for two equations, 271
Creating multiple representations 

of functions, 659
Crickets, 694
Critical Thinking

Critical Thinking questions appear 
in every exercise set. Some 
examples: 11, 12, 18, 25, 40

Cross Products Property, 97
Cryptography, 280–281, 282
Cube roots, 610, 614, 617, 619, 620
Cubes, sum and difference of two, 429

 factoring, 431
Cubic parent function, 67
Cubic regression, graphing calculator 

performing, 701
Cumberland Road, 139
Cumulative Assessment, see 

Assessment
Currency, 275
Curve, area under a, 910–911
Curve fitting

 with exponential and logarithmic 
models, 545–547

 with linear models, 142–145
 with polynomial models, 466–468
 with quadratic models, 374–377

Cycles, 990
Cylinders, 735

 
D
da Vinci, Leonardo, 875
Dampier, Louie, 225
Data

 continuous, 846
 discrete, 846
 experimental, collecting, 836
 matrices and, 246–249
 real-world, modeling, 698–701

Data analysis, S68–S69
 Connecting Algebra to, 141
 statistics and, 844

Data Collection, 148, 379, 549, 575, 
703

Data displays, S68
Data sets, 697, 828

 modeling, 68
 spreadsheets evaluating differences 

and ratios in, 697
David (Michelangelo), 155
Death Valley, 328, 790
Decay 

 exponential, 490, 532
 growth and, exponential functions 

and, 490–493
Decay factor, 491
Decibels (dB), 510
Decimals, repeating, 902
Deck of cards, 814
Degenerate conic, 728
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Degree
 classifying polynomials by, 407
 of a monomial, 406
 of a polynomial, 406

Degrees
 converting, to radians, 943
 converting radians to, 943

Denominators, rationalizing, 22
Density Property, 7
Dentistry, 209
Dependent events, 811–814

 probability of, 812
Dependent systems, 184, 220, 271, 

273
Dependent variable, 52, 145
Depreciation, 492, 914
Depression, angle of, 931
Descartes, René, 121
Design, 266
Determinants, 270–274

 of 2 × 2 matrices, 270
of 3 × 3 matrices, 272

Determination, coefficient of, R 2, see R 2

Detroit, 649
Diagonal, main, of a square matrix, 255
Diagrams

 interpreting, 927
 mapping, 44
 reading, 927
 using, 644–645

Difference
of two cubes

exploring the, 429
factoring the, 431

 of two squares, 336
Difference identities, 1014–1017
Differences

 common, 879
 constant, identifying models by using, 

698–699
 exploring, 697
 finite, of polynomials, 466
 first, 657, 863
 second, 374, 657, 863

Dilations, 261
Dimensional analysis, S57
Dimensions

 of matrices, 246
 three, linear equations in, 214–216

Direct variation, 566, 572, 569
Directed network, 296
Directrix of a parabola, 751
Discontinuous functions, 593
Discrete data, 846
Discrete functions, 52
Discrete probability distributions, 

846
Discriminant of Quadratic Formula, 

357–358
Disjunction, 150
Distance Formula, 665, 724

 Pythagorean Theorem related to the, 727

 in three dimensions, 728
 using

to find the constant sum of an 
ellipse, 736

to write the equation of a circle, 729
to write the equation of a parabola, 

751
Distributions

 binomial, 837–840
 continuous probability, 846
 discrete probability, 846
 normal, 846–847
 probability, see Probability 

distributions
Distributive Property of Real 

Numbers, 15
Diverge, 900
Diving, 258, 503
Diving Link, 258
Division

 of complex numbers, 385
 of functions, 683
 by negative numbers, 93
 of polynomials, 422–425
 of rational expressions, 577–580
 synthetic, 423

Division Property of Equality, 90
Dog grooming, 667
Domain, 44, 158, 428, 490, 492, 501, 

507, 531, 532, 593, 661, 668, 669, 
686, 862, 991, 1000

of parent functions, 67
reasonable, 53, 55, 56, 66, 72, 203, 

321, 503, 636, 653, 985
Double-angle identities, 1020–1021
Double-intercept form of a linear 

equation, 112
Double root, 336
Draw a conclusion, 899
Draw a diagram, S46
Driving, 146

 
E
e, natural base, 531–533
Earth Science, 625, 1039
Earthquakes, 515, 687, 773
Earthquakes Link, 687
Easter Island, 275
Eccentricity

 of an ellipse, 742
 of a hyperbola, 750

Ecology, 297, 432, 535, 549, 971
Ecology Link, 535
Economics, 94, 96, 197, 226, 492, 532, 

534, 573, 703, 775
Education, 140, 470, 502, 658
Egypt, ancient, 581
Egyptian pyramids, 934
Electrocardiograms (EKGs), 996
Electronics, 947

Elementary row operations, 288
Elevation, angle of, 931
Eliminating answer choices, 

714–715
Elimination method, 191

 for solving linear systems, 191, 
220–221

 for solving nonlinear systems, 770, 782
Ellipse(s), 722, 736–739

 co-vertices of, 736
 coefficients of, as conic sections, 761
 constant sum of, using Distance 

Formula to find the, 736
 defined, 736
 eccentricity of, 742
 foci of, 736

locating, 743
 graphing, on a graphing calculator, 

722–723
 major axis of, 736
 minor axis of, 736
 standard form of, 737–738, 760
 vertices of, 736

Empire State Building, 749
Employment, 816
Empty set, 6
End behavior, 452–453
Energy Conservation, 911
Engineering, 345, 739, 740, 756, 927, 

933, 946, 947
Engineering Link, 756
Entertainment, 64, 118, 123, 196, 225, 

283, 339, 443, 496, 536, 574, 635, 
734, 803, 972, 994

Entertainment Link, 64, 339, 443, 
574

Entries of matrices, 246
 addresses of, 246

Environment, 102, 508, 534, 551, 589
Equality, properties of, 90

 for matrices, 249
Equally likely outcomes, 802
Equation(s), 90

 absolute-value, see Absolute-value 
equations

 of circles
using the Distance Formula to write 

the, 729
writing the, 730

 of ellipses, standard form for the, 
737–738

 exponential, see Exponential equations
 of hyperbolas, standard form for, 746
 linear, see Linear equations
 logarithmic, see Logarithmic equations
 matching, to graphs, with a graphing 

calculator, 727
 matrix, 279
 nonlinear, 90
 nonlinear systems of, see Nonlinear 

systems of equations
 of parabolas

standard form for the, 752–753
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using the Distance Formula to write, 
751

 parametric, see Parametric equations
 polynomial, see Polynomial equations
 quadratic, see Quadratic equations
 radical, see Radical equations
 rational, see Rational equations
 roots of, 334
 solution sets of, 90
 as sources of multiple representations 

of functions, 656
 systems of, see Systems of equations
 three, Cramer’s rule for, 273
 trigonometric, see Trigonometric 

equations
 two, Cramer’s rule for, 271

Equilateral triangles, 198
Equivalent statements, 445
Error, S57
Error Analysis, 32, 49, 122, 154, 195, 

218, 252, 283, 297, 346, 388, 419, 
427, 464, 503, 518, 527, 582, 598, 
616, 634, 727, 765, 800, 834, 866, 
904, 940, 964, 1032

Escher, M. C., 262, 266
Estimation, 18, 25, 40, 64, 96, 101, 

147, 155, 188, 216, 251, 347, 411, 
450, 495, 510, 575, 576, 616, 687, 
694, 695, 741, 773, 817, 834, 842, 
875, 934, 972, 996, 1033, S56

Euler, Leonhard, 354
Eulerian paths, S73
Evaluating

 composite functions, 684
 sequences and series, 878

Even functions, 1012
Events, 802

 compound, see Compound events
 dependent, see Dependent events
 inclusive, 820
 independent, see Independent events
 mutually exclusive, 819
 simple, 819

Exam, final, preparing for your, 989
Exercise, 195, 885
Expanded form, 34
Expansion, binomial, 416
Expected value, 828
Expedition, 200
Experimental data, collecting, 836
Experimental probability, 

805–806
Experiments, 805

 binomial, 838
Explicit formula, 863
Exponent(s)

 inverse properties of, 514
 negative, 35

exploring, 33
 in probability, 529
 properties of, 34–38, 414
 in powers, 34
 rational, see Rational exponents

 zero, 35
Exponential decay, 490
Exponential equations

 defined, 522
 logarithmic equations and inequalities 

and, 522–525
Exponential form, 34, 506
Exponential functions

 defined, 490
 growth and decay and, 490–493
 transformations of, 537–541

Exponential growth, 490
Exponential models, 491, 492

 curve fitting with, 545–547
Exponential parent functions, 

490, 698
Exponential patterns, 863
Exponential regression, 546, 688

 performing an, with a graphing 
calculator, 700

Expressions
 algebraic, see Algebraic expressions
 quadratic, factoring, 331
 reading aloud, 245
 in simplest form, 22
 simplifying, 17, 22

Extended Response, 85, 175, 241, 
285, 304–305, 307, 348, 381, 401, 
459, 465, 483, 560, 561, 563, 645, 
647, 717, 787, 817, 857, 907, 918, 
919, 921, 985, 1045

outline your response, 918–919
Extension, 227

 Area Under a Curve, 910–911
 Networks and Matrices, 296–297
 Normal Distributions, 846–847
 Parametric Equations, 230–231

Extra Practice, S4–S45
Extraneous solutions, 524, 600
Extremes, 97

 
F
F-stop setting, 527
Factor Theorem, 430
Factorial, n, 795
Factoring

 polynomials, 430–432
 quadratic expressions, 331, S67 

solving quadratic equations by, 
333–337

 the sum and difference of two cubes, 
431

Factors
 exploring, 332
 special, 336

Failures, 838
Families of functions, 698
Fan Cost Index, 704
Farming, 348, 449
Faults in Earth’s crust, 687

Favorable outcomes, 802
Feasible region, 205
Federer, Roger, 816
Fermi National Accelerator Lab, 

1025
Ferris wheel, 788, 994
Fiber arts, 259
Fibonacci, Leonardo, 862
Fibonacci sequence, 858, 862, 866
Figures

 composite, see Composite figures
 geometric, using matrices in 

transforming, 262–264
 similar, 99
 solid, views of, 219
 three-dimensional, 735

Film, 376
Final exam, preparing for your, 989
Finance, 435, 468, 517, 527, 536, 661, 

750, 874, 886, 897, 913
Find a pattern, S50
Finite differences of polynomials, 

466
Finite sequences, 862
Finite set, 7
Fireworks, 940
Fireworks Link, 940
First differences, 105, 657, 863
First quartile, 829
Fish, 464
Fisherman’s Wharf, 790
Fitness, 98, 102, 275
Fitzgerald, Larry, 292
Flash cards, making, 567
Flight-path restrictions, 187
Flight simulator, 954
Flowers, 997
Focus (foci)

 of ellipses, 736
locating, 743

 of hyperbolas, 744
 of parabolas, 751

Food, 101, 379, 510, 678, 798
Football, 94, 161, 259, 833, 907
Ford, Henry, 649
Forestry, 450, 541, 660
Forestry Link, 450
Formula(s) see also inside back cover

 area, 689, 801, S61
 distance, 665, 724
 explicit, 863
 geometric, using, 689
 interest, compound, 495
 midpoint, 724, 728
 product-to-sum, 1026
 Quadratic, 356
 surface area, 689, 735, S64
 recursive, 862
 remembering, 405
 volume, 689, 735, S64

45°-45°-90° Triangle Theorem, 928
Fossett, Steve, 91
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Fractals, 387, 864, 866, 896
Fractals Link, 387
Fractions

 complex, 586
 writing repeating decimals as, 902

Frequency, 992
Friction, coefficient of, 1010
Fujita Tornado Scale, 633
Function(s), 45, 498

 absolute-value, see Absolute-value 
functions

 addition of, 682
 composition of, 683
 continuous, 593
 determining whether, are inverses, 

692
 discontinuous, 593
 discrete, 52
 division of, 683
 even, 1012
 exponential, see Exponential functions
 families of, 698
 foundations for, 2–85
 general projectile, 335
 graphing, 52
 graphs of, 680
 greatest integer, 669
 inverse, see Inverse functions
 inverses of, exploring, 497
 least integer, 669
 linear, see Linear functions
 logarithmic, see Logarithmic functions
 logistic, 535, 705
 multiple representations of, see 

Multiple representations of 
functions

 multiplication of, 683
 natural logarithmic, 532
 objective, 206
 odd, 1012
 one-to-one, 50, 691
 parent, see Parent functions
 periodic, 990
 piecewise, see Piecewise functions
 polynomial, see Polynomial functions
 quadratic, see Quadratic functions
 radical, see Radical functions
 rational, see Rational functions
 relations and, 44–46
 square-root, see Square-root functions
 step, 663
 subtraction of, 682
 temporary, 136
 trigonometric, see Trigonometric 

functions
 variation, 569–573
 zeros of, 333

Function notation, 51–53
Function operations, 682–685

 notation for, 682
Function rule, 53
Function symbols, 245
Functional relationships, 706
Fund-raising, 129, 137, 202, 218

Fundamental Counting Principle, 794
Fundamental Theorem of Algebra, 

445–448

 
G
Galileo, 875
Game shows, 906
Games, 807, 834, 842
Gardening, 329, 372, 378, 509, 962
Gateway Arch, 486
Gauss, Carl Friedrich, 875
GCF (greatest common factor), 331
Gears, 924
Gemology, 546
Genealogy, 896
General form of conic sections, 766
General projectile function, 335
General Rule for Geometric 

Sequences, 891
General Sherman Tree, 309
Genetics, 823, 841, 843
Geocaching, 214
Geography, 25, 40, 275, 947
Geography Link, 25, 275
Geology, 12, 427, 495, 515, 516, 679, 

773, 834, 885, 931
Geology Link, 427, 773
Geometric figures, using matrices in 

transforming, 262–264
Geometric formulas, using, 689, S63
Geometric means, 892–893
Geometric patterns, 869
Geometric probability, 801, 804
Geometric sequences, 890–894

 exploring, 908
 general rule for, 891
 limits, 900
 sums of, 893

Geometric series
 defined, 893
 exploring, 908
 infinite, see Infinite geometric series
 sum of the first n terms of a, 893

Geometry, 24, 26, 31, 39, 57, 71, 95, 
99, 100, 101, 102, 103, 122, 156, 163, 
201, 202, 210, 211, 217, 225, 251, 
275, 291, 321, 339, 361, 363, 373, 
411, 426, 427, 434, 449, 464, 502, 
570, 573, 581, 614, 633, 660, 669, 
679, 695, 696, 726, 727, 733, 741, 
799, 800, 807, 808, 809, 823, 868, 
905, 906, 907, 935, 973, 1019

 The review and development 
of geometry skills are found 
throughout this book.
 Acute triangles, 198
 Adjacent angles, S59
 Angle(s), S58

central, 141
complementary, S59

congruent, 198
measures, S58
supplementary, S59
vertical, S59

 Apothem, 1007
 Arc length formula, 945
 Area(s), 24, 321

of composite figures, 349
under a curve, 910–911
of parallelograms, 276
relative, 801
surface, 581, 735
of triangles, 958
and volume relationships, 618, S64

 Circumference, 73
 Collinear points, 375
 Compass, 743
 Composite figures

areas of, 349
 Cones, 735
 Congruent angles, 198
 Congruent segments, 198
 Connecting Algebra to, 20, 198, 219, 

261, 349, 421, 618, 689, 735, 801, 
869, 928, 1007

 Coordinate, 383
 Dilations, 261
 Equilateral triangles, 198
 Geometric formulas, using, 689, S63
 Geometric patterns, 869
 Geometric probability, 801, 804
 Golden rectangles, 858
 Isometries, 261
 Isosceles triangles, 198
 Matrices

using, in transforming geometric 
figures, 262–264

 Nets, 26, 421, 983, S65
 Orthographic views, 219
 Parallel lines, 119, 201, S58
 Parallelogram, 198

area of, 276
 Patterns, geometric, 869
 Perpendicular lines, 119

 Plane figures, S63
 Polygons, 198, 869

angle relationships in, 1007, S62
properties of, 198, S61
regular, 1007, S62

 Probability, geometric, 801, 804
 Pyramids, 472
 Pythagorean Theorem, 20, 808, S60

Get Organized, see Graphic organizers 
Global Positioning System (GPS), 

964
Glossary, S118–S161
Gnomon, 1002
go.hrw.com, see Online resources
Gold mining, 923
Golden Gate Bridge, 345
Golden ratio, 866
Golden rectangles, 858
Goodness of fit, 700, 701
Government, 576, 800
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GPS (Global Positioning System), 
964

Grade (steepness), 102
Graph(s), see also Graphing

 average slope of, 471
 bar, 141
 circle, 141
 of cosecants, characteristics of, 1000
 of cosines, 990–994

characteristics of, 991
transformations of, 991

 of cotangents, 998
characteristics of, 998
transformations of, 999

 exploring, 113–114, 332
 exploring holes in, 591, 596
 of functions, 680
 holes in, 591, 596
 of hyperbolas, transformations of, 747
 investigating, of polynomial functions, 

453–456
 matching equations to, with a 

graphing calculator, 727
 multiple representations of functions 

representing, 662
 representing, with multiple 

representations of functions, 666
 of secants, characteristics of, 1000
 of sines, 990–994

characteristics of, 991
transformations of, 991

 solving linear systems using, 182–185
 as sources of multiple representations 

of functions, 656
 statistical, 141
 of tangents

characteristics of, 998
transformations of, 998

 trigonometric, see Trigonometric graphs
 of trigonometric functions, 998–1001
 turning point of, 455
 vertex-edge, S73

Graphic Design, 260
Graphic organizers

Graphic organizers appear in every 
lesson. Some examples: 9, 16, 23, 
29, 38

Graphing
 absolute-value functions, 158–160
 circles on a graphing calculator, 

722–723
direct variation, 569
 ellipses on a graphing calculator, 

722–723
 functions, 52
 hyperbolas on a graphing calculator, 

723–724
inverse variation, 571
 linear functions, 105–109
 parabolas on a graphing calculator, 

723–724
 piecewise functions, 663–664, 670–671
 polynomial functions, 455
 quadratic functions, 315–317, 324–325
 quadratic inequalities, 366

 radical functions, 619–620
 radical inequalities, 623
 rational functions, 594–596
 solving quadratic equations by, 

333–337
 trigonometric functions, 991–993
 trigonometric identities, 1006

Graphing calculator, 41, 71, 187, 329, 
347, 372, 412, 419, 443, 518, 544, 
634, 703, 705, 784, 841, 897, 898, 
1012, 1025, 1032, 1033
 creating conic-section art, 767
 end behavior, 452
 entering lists, 144, 831
 evaluating sequences and series, 878
 exploring infinite geometric series, 

899
 exploring the unit circle, 942
 finding solutions to nonlinear systems 

of equations, 768
 finding zeros, 334, 350
 friendly window, 114
 graphing circles and ellipses on a, 

722–723
 graphing hyperbolas and parabolas 

on a, 723–724
 graphing piecewise functions, 670–671
 graphing the general form of conic 

sections, 766
 graphing trigonometric identities, 1006
 holes in graphs, 591
 inverse functions, 497
 linear equations, 107, 113
 linear regression, 143
 local maxima and minima, 455
 logarithms, 508
 matching equations to graphs, 727
 matrix inverses, 278
 matrix multiplication, 278
 matrix products, 256
 parameter changes, 314
 performing an exponential regression, 

700
 performing quadratic regression, 657, 

701
quadratic functions and parameter 

changes, 314
and quadratic inequalities, 367
and quadratic models, 376
 radians and degrees on, 930
and random numbers, 856
real roots and, 446
 regression, 143
 row reduction, 290
 shade above inequalities, 127
 shade below inequalities, 127
solving absolute-value equations, 157
 solving trigonometric equations, 

1027–1030
 standard square window on a, 67
supporting solutions, 462
 windows, 113

Graphing method, 784
Greatest common factor (GCF), 331
Greatest integer function, 669

Gridded Response, 26, 56, 85, 96, 112, 
172–173, 175, 189, 218, 241, 252, 
276, 307, 322, 340, 348, 401, 428, 
481, 483, 511, 550, 561, 563, 576, 
635, 647, 688, 717, 787, 843, 857, 
868, 887, 921, 985, 1045

Grouping symbols, 662
Growth

 and decay and exponential functions, 
490–493

 exponential, 490
Growth factor, 491
Guess and test, S48
Guo Jingjing, 258

 
H
Habitat map, 297
Half-angle identities, 1022–1023
Half-life, 532
Half plane, 124
Hamiltonian paths, S73
Harmonic mean, 589
Harmonic motion, simple, 1034
Health, 458, 469, 659, 703, 821
Health Link, 458
Heating, 1031
Heisman Trophy, 292
Helpful Hint, 7, 44, 60, 67, 69, 93, 107, 

108, 116, 124, 125, 134, 136, 142, 
144, 151, 152, 153, 183, 199, 206, 
215, 248, 249, 253, 264, 272, 279, 
281, 297, 318, 325, 333, 336, 344, 
352, 360, 376, 382, 383, 384, 415, 
440, 441, 454, 460, 467, 492, 499, 
508, 512, 515, 522, 537, 547, 569, 
571, 572, 585, 602, 619, 620, 629, 
698, 700, 724, 725, 730, 794, 796, 
797, 805, 812, 821, 828, 829, 901, 
903, 932, 938, 958, 961, 968, 991, 
993, 1008, 1009, 1014, 1021, 1027

Heron’s Formula, 969
Hertz (Hz), 992
Hexagon, regular, 689
Highway traffic, 210
Hiking, 231, 798
History, 66, 139, 494, 733, 741, 934
History Link, 139, 494, 733, 741
Hobbies, 102, 285, 377, 469, 660
Hobbies Link, 102
Holes in graphs, 596

 exploring, 591
Home Economics, 30, 130, 146
Homework Help

Homework Help Online is available 
for every lesson. Refer to the 
go.hrw.com box at the beginning 
of each exercise set. Some 
examples: 10, 17, 24, 30, 38

Hoover Dam, 922
Horizontal asymptotes, 531, 593, 594
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Horizontal compressions, see 
Compressions

Horizontal-line test, 690
Horizontal lines, 108
Horizontal stretches, see Stretches
Horizontal translations, see 

Translations
Hot Tip!, 81, 83, 85, 171, 173, 175, 237, 

239, 241, 303, 305, 307, 397, 399, 
401, 479, 481, 483, 559, 561, 563, 
643, 645, 647, 713, 715, 717, 783, 
785, 787, 853, 855, 857, 917, 919, 
921, 981, 983, 985, 1041, 1043, 1045

Human centrifuge, 946
Hyperbola(s), 722, 744–747

 branches of, 744
 co-vertices of, 744
 coefficients of, as conic sections, 761
 conjugate axis of symmetry of, 744
 defined, 744
 eccentricity of, 750
 equations of, standard form for, 746
 foci of, 744
 graphing on a graphing calculator, 

723–724
 graphs of, transformations of, 747
 standard form for, 760
 transverse axis of symmetry of, 744
 vertices of, 744

Hypotenuse, 20, 928, 929, S60
Hz (hertz), 992

I
i, imaginary unit, 350
Ice skating, 606
Ice Skating Link, 606
Identities, 92, 192

 Additive, 249
 trigonometric, see Trigonometric 

identities
Identity matrix, 278
Identity Property

 Additive, 14
 Multiplicative, 14

Il Redentore church, 589
Imaginary axis, 382
Imaginary numbers

 defined, 350
 pure, 351

Imaginary part of complex number, 
351

Imaginary unit i, 350
Impedance, 388
Incline plane, 1010
Inclusive events, 820
Income, 865
Income tax, 203
Inconsistent systems, 183, 184, 220, 

271, 273
Independent events, 811–814

 probability of, 811
Independent systems, 184, 220
Independent variable, 52, 105, 

144–145, 490
Index of a radical, 610
Indirect measurement, 99
Induction, mathematical, see 

Mathematical induction
Industrial, 456
Inequalities, 92

 compound, 150–153, 369, 670–671
 exponential equations and logarithmic 

equations and, 522–525
 linear, see Linear inequalities
 quadratic, see Quadratic inequalities
 radical, see Radical inequalities
 rational, see Rational inequalities
 solving, 150–151

Inequality symbols, 245
Infinite geometric series

 defined, 900
 exploring, 899
 mathematical induction and, 900–903
 sum of an, 901

Infinite sequences, 862
Infinite set, 7
Infinitely many solutions for 

dependent systems, 220
Infinity, 453
Initial side of an angle, 936
Insulin, 543
Integers, 6
Intercepts, 106, 993

see also x-intercepts and y-intercepts
effects of transformations on, 673
 identifying, 673–674

Interest 
compound, 495, 517, 527, 531–532, 

534–536, 543, 556, 561
simple, 487, 638, 793

Internet, 275
Internet resources, see Online 

resources
Interpreting diagrams, 927
Interquartile range (IQR), 829
Interval notation, 7–8
Inventory, 255, 258
Inverse cosine function, 951
Inverse functions, 497, 499, 690–693, 

997
 exploring, 497
 identifying, 692
 inverse relations and, 498–501
 writing rules for, 691

Inverse matrix, multiplicative, 278
Inverse operations, 91
Inverse properties of logarithms 

and exponents, 514
Inverse Property

 Additive, 14
 Multiplicative, 14

Inverse relations, 498–501
Inverse sine function, 951

Inverse tangent function, 951
Inverse trigonometric functions, 

950–953, 997, 1003
Inverse variation, 570–572

 defined, 570
 modeling, 568

Inverses
 additive, of matrices, 249
 determining whether functions are, 692
 of functions, exploring, 497
 matrix, 278–281
 of 2 × 2 matrices, 279

IQR (interquartile range), 829
Irrational numbers, 6
Irrational Root Theorem, 441
Isometric grid, 219
Isometries, 261
Isosceles triangles, 198
Iteration, 864

 
J

Jean’s mass, 625
Jeter, Derek, 606
Johnson, Randy, 222
Joint variation, 570
Journal, math, keeping a, 181
Juggling, 339
Julia Set, 387

 
K
K (Kelvin), 572
Kabuki theaters, 1032
Kelvin (K), 572
Kepler, Johannes, 758, 765
Key words, identifying, 480–481
Kites, 888

 tetrahedral, 876
Kleiber’s law, 615
Know-It Note 

Know-it Notes are found 
throughout this book. Some 
examples: 6, 14, 15, 22, 35

 
L
Lab

 Algebra, see Algebra Lab
 Technology, see Technology Lab

Landscape Design, 457
Language, 40
Large numbers, law of, 809
Latus rectum of a parabola, 757
Law Enforcement, 1002
Law of Cosines, 966–970
Law of large numbers, 809
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Law of Sines, 958–962
LCD, see Least common denominator
LCM, see Least common multiple
Leading coefficient of a 

polynomial, 406
Leaning Tower of Pisa, 953
Learning vocabulary, 721
Least common denominator (LCD), 

583
Least common multiple (LCM), 583

 of polynomials, 584
Least integer function, 669
Legendre, Adrien-Marie, 703
Legs of right triangles, 20
Lennon, John, 896, 1046
Lewis, Jamal, 202
Lightning, 749
Like radical terms, 23
Limit, 900
Line(s)

 of best fit, 142
 boundary, see Boundary line
 horizontal, 108
 parallel, 119, 201
 perpendicular, 119
 trend, 145
 vertical, 108

Linear combination, 191
Linear equations

 double-intercept form of, 112
 in one variable, 90
point-slope form of, 116–117
slope-intercept form of, 107, 115
 solving, 90–92
 standard form of, 111
 in three dimensions, 214–216

Linear functions, 
 defined, 105
 graphing, 105-109
 transformations of, 134–137
 writing, 115–120

Linear inequalities, 124
 systems of, 199

solving, 199–201
 in two variables, 124–127

Linear models, curve fitting using, 
142–145

Linear parent functions, 67, 315, 
702

Linear patterns, 863
Linear programming, 205–208

 vertex principle of, 206
Linear series, 871
Linear systems, 

 classifying, 184
 defined, 182
 solving

in three variables, 220–224
using algebraic methods, 190–194
using graphs and tables, 182–185

Lines, see line(s)
Link

 Aerospace, 362

 Archaeology, 727
 Archery, 581
 Architecture, 589
 Aviation, 187, 954
 Biology, 39, 329, 615, 694
 Chemistry, 72
 Clocks, 885
 Collectibles, 896
 Communication, 31
 Diving, 258
 Earthquakes, 687
 Ecology, 535
 Engineering, 756
 Entertainment, 64, 339, 443, 574
 Fireworks, 940
 Forestry, 450
 Fractals, 387
 Geography, 25, 275
 Geology, 427, 773, 834
 Health, 458
 History, 139, 494, 733, 741
 Hobbies, 102
 Ice Skating, 606
 Literature, 95
 Math History, 18, 121, 210, 292, 354, 

380, 419, 517, 598, 703, 765, 842, 
866, 875, 934, 1002

 Medicine, 543, 996
 Meteorology, 111
 Money, 48
 Music, 527, 799
 Navigation, 964
 Performing Arts, 1032
 Pets, 667
 Physics, 502, 626, 749, 1025
 Recreation, 55
 Safety, 677
 Sculpture, 155
 Sports, 346
 Television, 823
 Tennis, 816
 Tornadoes, 633
 Whales, 659

Lists, entering, in the graphing 
calculator, 831

Literature, 95, 868
Literature Link, 95
Local maximum, 455
Local minimum, 455
Locating the foci of ellipses, 743
Logarithm(s), 505

 common (base 10), 506, 508, 514, 532
 inverse properties of, 514
 natural, 532
 Power Property of, 513
 Product Property of, 512
 properties of, 512–515
 Quotient Property of, 513
 special properties of, 506

Logarithmic equations
 defined, 523
 exponential equations and inequalities 

and, 522–525
Logarithmic form, 505
Logarithmic functions, 505–508

 defined, 507
 natural, 532
 transformations of, 537–541

Logarithmic models, 540
 curve fitting with, 545–547

Logarithmic regression, 547
Logical reasoning, S72
Logical tests, 670–671
Logistic function, 535, 705
Logistics, 535
London, 885
Los Angeles, 86, 310
Los Angeles Memorial 

Coliseum, 310
Louvre pyramid, 885
Lower quartile, see First quartile
Lung capacity, 458

 
M
Magic squares, 252
Main diagonal of a square matrix, 

255
Major axis of ellipses, 736
Make a Conjecture, 33, 58, 314, 332, 

413, 452, 497, 518, 549, 568, 591, 
671, 899, 942, 1006

Make a model, S47
Make a table, S51
Make an organized list, S53
Manhattan Island, 494
Manning, Eli, 292
Manufacturing, 155, 189, 210, 329, 

463, 625, 695, 840
Mapping diagram, 44
Marblehead Lighthouse, 1047
Marketing, 128, 440
Matching equations to graphs with 

a graphing calculator, 727
Math Builders, MB1–MB5
Math History, 291, 292, 380, 519, 598, 

1002
Math History Link, 18, 121, 210, 292, 

354, 380, 419, 517, 598, 703, 765, 
842, 866, 875, 934, 1002

Math journal, keeping a, 181
Math symbols, reading and 

interpreting, 245
Mathematical induction, 902–903

 infinite geometric series and, 900–903
 proof by, 902

Matrices, 
 addition of, 247
 additive inverses of, 249
 adjacency, 296
 augmented, see Augmented matrices
 coefficient, 271
 constant, 279
 data and, 246–249
 defined, 246
 dimensions of, 246
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 entries of, 246
 identity, 278
 inverse of 2 x 2, 279
 multiplication of, 253–256
 multiplicative identity, 255
 multiplicative inverse, 278
 networks and, 296
 properties of equality for, 249
 reflection, 263
 rotation, 264, 1016, 1019
 singular, 279
 square, 255
 subtraction of, 247
 translation, 262
 using, in transforming geometric 

figures, 262–264
 using spreadsheets with, to solve 

systems, 286
 variable, 279

Matrix equation, 279
Matrix inverses, 278–281
Matrix product, 253, 1016
Maximum, local, 455
Maximum values, 829, 993

 of parabolas, 326
Mean, 66, 828, S68

 harmonic, 589
Means, 97

 geometric, 892–894
Measure of variation, 830
Measurement, 25, 39, 101, 418, 442, 

833, 896
 indirect, 99

Measures of central tendency and 
variation, 828–832

Median, 40, 828, 829, S68
Medicine, 211, 408, 494, 543, 574, 615, 

626, 694, 818, 897, 996
Medicine Link, 543, 996
Mental math, 16, 85, 506, 714, 857
Mercury, 758
Meteorology, 111, 142, 501, 528, 615
Meteorology Link, 111
Mexico, 727
Michelangelo, 155
Midpoint Formula, 724

 in three dimensions, 728
Minimum, local, 455
Minimum values, 829, 993

 of parabolas, 326
Minor axis of ellipses, 736
Mode, 828, S68
Model train gauge, 102
Modeling

 data sets, 68
 real-world data, 698–701

Models
 exponential, see Exponential models
 identifying, by using constant 

differences or ratios, 698–699
 inverse variation, 568
 linear, curve fitting using, 142–145
 logarithmic, see Logarithmic models

 polynomial, curve fitting with, 
466–468

 quadratic, see Quadratic models
Modular arithmetic, 18
Mohs scale of hardness, 12
Money, 48, 140, 252, 389, 523, 677, 

800
Money Link, 48
Monomials, 406

 degrees of, 406
Monterey Bay Aquarium, 484, 956
Moore’s law, 490
Morphing, 678
Movies, 339
Multi-Step, 18, 39, 72, 187, 189, 196, 

203, 216, 276, 283, 292, 339, 345, 
346, 362, 371, 380, 388, 443, 470, 
471, 517, 534, 575, 589, 598, 605, 
615, 625, 626, 634, 728, 732, 733, 
740, 757, 764, 765, 773, 774, 799, 
816, 824, 841, 876, 934, 940, 948, 
954, 964, 965, 971, 1011, 1018, 1024, 
1025, 1031, see also Assessment

Multiple Choice, 84–85, 174–175, 
240–241, 306–307, 400–401, 481, 
482–483, 562–563, 644, 645, 646–647, 
714–715, 716–717, 784–785, 786–787, 
854–855, 856–857, 920–921, 982–983, 
984–985, 1042–1043, 1044–1045
 Choose Answer Combinations, 

1042–1043
 Context-Based Test Items, 784–785
 Eliminate Answer Choices, 714–715
 None of the Above or All of the Above, 

854–855
 Spatial-Reasoning Problems, 982–983
 Use Multiple Methods, 82–83
 Work Backward, 398–399

Multiple representations, 14, 15, 22, 
35, 46, 90, 93, 97, 116, 119, 151, 323, 
324, 341, 342, 350, 382, 423, 512, 
513, 611, 612, 690, 692, 724, 729, 
795, 797, 882, 929, 932, 951
 of functions, 650, 654–658

creating, 659
representing graphs, 662, 666
translating between, 656
using, to solve problems, 656–657

Multiplication
 of functions, 683
 of complex numbers, 384
 of matrices, 253–256
 by negative numbers, 93
 of polynomials, 414–417
 of rational expressions, 577–580
 of square roots, 22

Multiplication Property of Equality, 
90

Multiplicative identity matrix, 255
Multiplicative Identity Property, 14
Multiplicative inverse matrix, 278
Multiplicative Inverse Property, 14
Multiplicity of roots, 439

Music, 202, 372, 511, 527, 613, 799, 
897, 905

Music Link, 527, 799
Mutually exclusive events, 819

 
N
n factorial, 795
n terms, first, sum of the

 of an arithmetic series, 882
 of a geometric series, 893

Nanotechnology, 38
Napier, John, 517
National Parks, 740
Natural base, e, 531–533
Natural logarithm, 532–533
Natural logarithmic functions, 532
Natural numbers, 6
Navigation, 934, 952, 954, 964
Navigation Link, 964
Navy Pier in Chicago, 994
Negative-angle identities, 1008
Negative Exponent Property, 35
Negative exponents, 35

 exploring, 33
Negative numbers

 division by, 93
 multiplication by, 93

Negative rotation, 936
Nets, 26, 421, 983, S65
Networks

 directed, 296
 matrices and, 296

Newton, Sir Isaac, 419
Nielsen Media Research, 823
No solutions for inconsistent 

systems, 184, 220, 271
Noncollinear points, 375
None of the Above, 854–855
Nonlinear equations, 90
Nonlinear systems of equations, 

768–771
 graphing calculator finding 

solutions to, 768
 solving, 768–771

Normal curve, 846
Normal distributions, 846–847

 tail of, 846
Notation

 function, see Function notation
 interval, 7–8
 roster, 7
 scientific, 36
 set-builder, 8–9
 standard, 36
 summation, see Summation notation

Notetaking Strategies, see Reading 
and Writing Math

n th roots, properties of, 611
Number(s)

 bases of, 34
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 complex, see Complex numbers
 exponents of, 34
 imaginary, see Imaginary numbers
 integers, 6
 natural, 6
 negative, see Negative numbers
 opposites of, 14
 polygonal, 869
 random, 810
 real, see Real numbers
 reciprocals of, 14
 set of, 6–9
 term, 862
 triangular, 380
 whole, 6

Number Theory, 410
 Connecting Algebra to, 413

Nutrition, 145, 210, 273, 574

O
Oakland City Center, 402
Objective function, 206
Oblique grid, 219
Obtuse triangles, 198
Oceanography, 69, 231, 996, 1032
Octagons, regular, 689, 1007
Octahedron, regular, 689
Odd functions, 1012
Ojos de Dios, 905
Okapi, 625
Old Faithful Geyser, 834
One solution for independent 

systems, 184, 220, 271
One-to-one functions, 50, 691
Online resources

 Career Resources Online, 57, 277, 435, 
551, 775, 877, 949

 Chapter Project Online, 2, 86, 178, 
242, 310, 402, 486, 564, 650, 718, 
790, 858, 924, 986

 Homework Help Online
Homework Help Online is 
available for every lesson. Refer 
to the go.hrw.com box at the 
beginning of each exercise set. 
Some examples: 10, 17, 24, 30, 38

 Lab Resources Online, 33, 227, 314, 
332, 452, 591, 767, 836, 942, 1006

Parent Resources Online
Parent Resources Online are 
available for every lesson. Refer 
to the go.hrw.com box at the 
beginning of each exercise set. 
Some examples: 10, 17, 24, 30, 38

 State Test Practice Online, 84, 174, 
240, 306, 400, 482, 646, 716, 786, 
856, 920, 984, 1044

Operations
 with complex numbers, 382–385
 function, see Function operations
 order of, 28

 reverse order of, 499
 row, see Row operations

Operations Research (OR), 210
Opposite leg of a right triangle, 

929
Opposites of numbers, 14
“Or” compound inequalities, 

150–153
Order of operations, 28

 reverse, 499
Ordering real numbers, 6
Ordered triple, 214
Orthographic views, 219
Outcomes, 802

 equally likely, 802
 favorable, 802

Outlier, 831
Outlines, 918
Outlining your response, 918–919

 
P
Packaging, 283, 322
Painting, 963
Paleontology, 148, 533
Palladio, Andrea, 589
Paper, 896
Parabola(s), 315, 722, 751–754

 axis of symmetry of, 754
 coefficients of, as conic sections, 761
 defined, 751
 directrix of, 751
 foci of, 751
 graphing, on a graphing calculator, 

723–724
 latus rectum of, 757
 maximum values of, 326
 minimum values of, 326
 properties of, 324
 standard form for, 760
 vertex of, 318

Parallel lines, 119, 201, S58
Parallelogram, 198

 area of, 276
Parameter, 227, 230, 314, 747, 752
Parameter changes, exploring, 314
Parametric equations, 227, 230–231

 defined, 230
 exploring, 227

Parent function(s), 67, 991
 absolute-value, 158
 cubic, 67, 453
 exponential, 698
 introduction to, 67–70
 linear, 67, 315, 698
 quadratic, 67, 315, 698
 square-root, see Square-root parent 

functions
Parent Resources Online 

Parent Resources Online are 
available for every lesson. Refer 
to the go.hrw.com box at the 

beginning of each exercise set. 
Some examples: 10, 17, 24, 30, 38

Parentheses ( ), 662
Parking, 667
Partial sums, 870, 882, 900
Pascal’s triangle, 413, 837, S70
Patterns, 413, 436

 exponential, 863
 geometric, 869
 linear, 863

Pei, I. M., 1046
PEMDAS mnemonic, 28
Percent decrease, 104, S56
Percent increase, 104, S56
Percents, 97
Perfect-square trinomial, 336
Perfect squares, 21
Performing arts, 1032
Performing Arts Link, 1032
Perimeter, 24, 363
Period, 990, 991, 999, 1000
Periodic functions, 990
Permutations, 795

 combinations and, 794–797
Perpendicular lines, 119
Personal finance, 696
Pet adoption, 797
Pets, 321, 667, 842
Pets Link, 667
Phase shift, 993, 1015
Philadelphia cheese steak 

sandwich, 176
Photography, 72, 293, 527, 528, 695, 

949
Physics, 70, 120, 320, 361, 378, 419, 

425, 426, 444, 493, 502, 534, 547, 
548, 573, 574, 616, 626, 688, 749, 
773, 864, 875, 885, 911, 1011, 1012, 
1018, 1025

Physics Link, 502, 626, 749, 1025
Pianos, 527
Piecewise functions, 662–665

 graphing, 663–664, 670–671
 transformations of, 672

Plane
 complex, 382
 figures, S63
 half, 124

Point-slope form, 116, 656, 731
Points

 collinear, 375
 noncollinear, 375

Polar coordinates, 949
Politics, 824
Polygonal numbers, 869
Polygons, 198, 869

 angle relationships in, 1007, S62
 properties of, 198, S61
 regular, 1007, S62 see also Regular 

polygons
Polynomial(s), 406–409

 classifying, by degree, 407
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 degrees of, 406
 division of, 422–425
 end behavior of, 453
 factoring, 430–432
 finite differences of, 466
 leading coefficients of, 406
 least common multiple of, 584
 multiplication of, 414–417

Polynomial equations, finding real 
roots of, 438–442

Polynomial functions
 defined, 408
 finding zeros of, 432
 investigating graphs of, 453–456
 transformations of, 460–463

Polynomial models, curve fitting with, 
466–468

Population, 687
Positive rotation, 936
Power, 34

 of a Power Property, 35, 612
 of a Product Property, 35, 612
 of a Quotient Property, 35, 612

Power Property, Power of a, 35, 612
Power regression, 705
Powers of i, 385
Powers Property

 Product of, 35, 612
 Quotient of, 35, 612

Precision, S57
Preparing for your final exam, 

989
Previous Courses, Connecting Algebra 

to, 331
Principal root, 21
Probability, 41, 413, 802, 826, S70

 binomial, 838
 conditional, 812–814
 Connecting Algebra to, 529
 of dependent events, 812
 experimental, 805–806
 exponents in, 529
 formulas, S70
 geometric, 801, 804
 of independent events, 811
 theoretical, 802–806

Probability distributions, 828
 continuous, 846
 discrete, 846

Problem-solving Applications, 37, 
126, 207–208, 280–281, 368–369, 
447–448, 540, 602, 675, 770–771, 
839, 872–873, 968, 1029

Problem Solving Handbook, 
S46–S55, see also Problem Solving 
Strategies

Problem Solving on Location
 California, 308–309, 484–485, 

788–789
 Michigan, 648–649
 Nevada, 922–923
 Ohio, 1046–1047
 Pennsylvania, 176–177

Problem Solving Plan, xxiv

Problem Solving Strategies
 Draw a diagram, S46
 Find a pattern, S50
 Guess and test, S48
 Make a model, S47
 Make a table, S54
 Make an organized list, S53
 Solve a simpler problem, S55
 Use a Venn diagram, S51
 Use logical reasoning, S52
 Work backward, S49

Product of Powers Property, 35, 612
Product property, 

 of logarithms, 512
 power of a, 35, 612
 of roots, 611
 of square roots, 22

Product-to-sum formulas, 1026
Products

 matrix, 253, 1016
 scalar, 248
 special, 336

Programming, linear, see Linear 
programming

Projectile, 335
Proofs, S71
Proof by mathematical induction, 

902
Properties 

 of the correlation coefficient, 143
 of equality, 90
 of equality for matrices, 249
 of exponents, 35, 414
 of n th roots, 611
 of a parabola, 324
 of rational exponents, 612
 of real numbers, 14, 15
 of square roots, 22

Proportion, 97
Proportional reasoning, 97–100
Psychology, 155
Public safety, 824
Pure imaginary numbers, 351
Puzzle, 259
Pyramids, 472
Pythagoras, 380
Pythagorean identities, 1008
Pythagorean Theorem, 20, 808, S60

 Distance Formula related to the, 727
 using

with double-angle identities, 
1020–1021

with half-angle identities, 1022–1023
with sum and difference identities, 

1015–1016

 
Q
Quadrantal angles, 948
Quadrants, 1020
Quadratic equations, solving

 by completing the square, 343

 by graphing and factoring, 333–337
 by using the Quadratic Formula, 

356–359
 summary of, 360

Quadratic expressions, factoring, 331
Quadratic form, solving trigonometric 

equations in, 1028
Quadratic Formula, 356–360, 696, 766

 discriminant of, 357–358
Quadratic functions

 axis of symmetry for, 323
 compressions of, 317
 defined, 315–319
 domains of, 326
 finding zeros of, 333–337 
 graphing, using transformations for, 

315–319
 properties of, in standard form, 

323–327
 ranges of, 326
 reflections of, 317
 standard form of, 324
 stretches of, 317
 translations of, 316
 vertex form of, 318

Quadratic inequalities
 graphing, 366
 solving, 366–370
 in two variables, 366

Quadratic models, 376
 curve fitting with, 374–377

Quadratic parent functions, 67, 315, 
702

Quadratic regression, 376, 657
 graphing calculator performing, 657, 

701
Quadratic series, 871
Quadrilaterals, classifying, 198
Quality control, 841
Quarters (coins), 48
Quartiles, 829
Question type, any

 identify key words and context clues, 
480–481

 read a test item for understanding, 
560–561

 use a diagram, 644–645
Queuing, 790
Quotient of Powers Property, 35, 

612
Quotient property

 of logarithms, 513
 power of a, 35, 612
 of roots, 611
 of square roots, 22

 
R
r, see Correlation coefficient r
R 2, coefficient of determination, 376, 701

 values for, 468
Radians, 943
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 converting, to degrees, 943
 converting degrees to, 943

Radical equations
 defined, 628
 solving, 628–630

Radical expressions, rational 
exponents and, 610–614

Radical functions, 619–623
Radical inequalities, 623

 defined, 630
 graphing, 623
 solving, 630–632

Radical symbol, 21
Radical terms, like, 23
Radicand, 21
Radio, 772
Railroads, 494
Random numbers, 810
Random sampling, S69
Range, 44, 326, 490, 492, 507, 531, 532, 

593, 661, 668, 669, 749, 828, 830, 
862, 991, 1000
 reasonable, 53, 55, 56, 66, 72, 203, 

321, 503, 636, 653, 985
 data, S67

Rate, 98
Rate of change, 105
Ratio, 97

 common, 890
 golden, 866

Rational equations
 defined, 600
 solving, 600–603

Rational exponents
 defined, 611
 properties of, 612
 radical expressions and, 610–614

Rational expressions
 addition of, 583–587
 defined, 577
 division of, 577–580
 multiplication of, 577–580
 subtraction of, 583–587

Rational functions, 592–596
Rational inequalities

 defined, 603
 solving, 603–604

Rational numbers, 6
Rational Root Theorem, 439
Rationalizing denominators, 22–23, 

385, 611
Ratios

 constant, 863
identifying models by using, 

698–699
 exploring, 697
 trigonometric, see Trigonometric ratios

Reading
 diagrams, 927
 problems for understanding, 653
 a test item for understanding, 

560–561
Reading and Writing Math, 5, 89, 

181, 245, 313, 405, 489, 567, 653, 
721, 793, 861, 927, 989, see also 
Reading Strategies; Study Strategies; 
Writing Strategies

Reading Math, 6, 8, 15, 34, 52, 97, 99, 
150, 191, 262, 270, 334, 341, 367, 
375, 456, 505, 570, 610, 683, 830, 
847, 862, 943, 950, 951, 959, 1010, 
1022

Reading Strategies, see also Reading 
and Writing Math
 Interpret and Read Diagrams, 927
 Read and Interpret Math Symbols, 245
 Read a Lesson for Understanding, 89
 Read Problems for Understanding, 653

Ready to Go On?, 43, 75, 133, 165, 
213, 229, 269, 295, 365, 391, 437, 473, 
521, 553, 609, 637, 681, 707, 759, 777, 
827, 845, 889, 909, 957, 975, 1005, 
1035, see also Assessment

Real axis, 382
Real estate, 703, 894
Real numbers, 6

 classifying, 6
 comparing, 6
 ordering, 6
 properties of, 14–16

Real part of complex number, 351
Real roots

 finding, of polynomial equations, 
433–442

 numbers and types of, 610
Real-world data, modeling, 698–701
Reasonable domain, 53, 55, 56, 66, 

72, 203, 321, 503, 636, 653, 985
Reasonable range, 53, 55, 56, 66, 72, 

203, 321, 503, 636, 653, 985
Reasonableness, 32, 37, 95, 103, 121, 

126, 174, 196, 203, 339, 390, 399, 
522, 540, 636, 714, 715, 839, 907, 
968, 1031

Reasoning, proportional, 97–100
Reciprocal identities, 1008
Reciprocal trigonometric functions, 

932
Reciprocals of numbers, 14
Recreation, 55, 63, 99, 129, 410, 433, 

550, 655, 658, 742, 774, 915, 933, 
939, 970, 995

Recreation Link, 55
Rectangles, 198

 golden, 858
Rectangular coordinates, 949
Recursive formula, 862
Recycling, 257
Reduced row-echelon form, 288
Reduction, row, 288
Reference angles, 937

 trigonometric functions and, 944, 945, 
952, 961, 1015, 1020, 1022

Reflection matrix, 263
Reflections, 60, 134, 159, 261, 672–673

 across x-axis, 672, 673, 1015

 across y-axis, 672, 673
of exponential functions, 537
of logarithmic functions, 538
of polynomial functions, 460
 of quadratic functions, 317
 of radical functions, 621

Regression, 142, 866
 cubic, see Cubic regression
 exponential, see Exponential 

regression
 linear, 142–145
 logarithmic, 547
 power, 705
 quadratic, see Quadratic regression

Regular hexagons, 689
Regular octagons, 689, 1007
Regular octahedrons, 689
Regular polygons, 198, 1007
Regular tetrahedrons, 689
Relations, 44, 227, 498

 functions and, 44–46
 inverse, see Inverse relations

Relationships
 angle, 1007
 area and volume, 618
 functional, 706

Relative area, 801, S62
Relative error, S57
Remainder Theorem, 424, 430
Remember!, 28, 36, 98, 115, 119, 127, 

158, 159, 160, 184, 192, 201, 223, 
278, 288, 356, 369, 385, 408, 414, 
431, 466, 490, 491, 498, 500, 523, 
538, 545, 546, 584, 594, 595, 600, 
601, 603, 604, 611, 628, 630, 631, 
656, 657, 662, 665, 674, 722, 731, 
751, 762, 770, 814, 819, 820, 831, 
837, 863, 882, 893, 894, 902, 910, 
936, 960, 967, 1015

Rent, 914
Repeating decimals, 902
Replacement set, 55
Representations, multiple, of 

functions, see Multiple representations 
of functions

Responses, outlining your, 918–919
Retail, 458, 500, 874
Rhombus, 198
Ribbon Falls, 346
Richter scale, 515

 TNT equivalence, 547
Right-angle trigonometry, 929–932
Right triangles, 198, 929, 938, 952

 legs of, 20
 special, see Special right triangles

Rigid transformations, 261
Rise (in slope), 106
Rock and Roll Hall of Fame, 1046
Rock climbing, 963
Roddick, Andy, 816
Roller coasters, 443
Rolls Royce, 896
Roman Colosseum, 741
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Root(s)
 complex, complex numbers and, 

350–352
 double, 336
 of an equation, 334
 multiplicity of, 439
n th, properties of, 611
 principal, 21
 Product Property of, 611
 Quotient Property of, 611
 real, see Real roots

Rose Bowl Stadium, 789
Roster notation, 7
Rotation, angles of, 936–938
Rotation matrix, 263, 1016, 1019
Rotations, 261
Row-echelon form, reduced, 288
Row operations, 288

 augmented matrices and, 287–290
 elementary, 288

Row reduction, 288
Run (in slope), 106

S
Safety, 55, 361, 379, 677, 875
Safety Link, 677
Salary, 884, 895
Sales, 259, 668
Sample space, 802
Sampling, 

 methods, S69
 stratified, S69
 systematic, S69

San Diego, 986
San Francisco, 790, 924
Santa Monica Pier, 788
SAS (side-angle-side), 966
Savannah, Georgia, 25
Savings, 913
Scalar, 248
Scalar product, 248
Scale factor, 99
Scalene triangles, 198
Scatter plot, 142, 390, 661, 699
School, 100, 111, 128, 129, 146, 291, 

840
School arts, 823
Scientific notation, 36, 518
Scrabble, 824
Scuba divers, 55
Sculpture Link, 155
Secant function, 932, 1000

 graphs of, characteristics of the, 1000
Second differences, 374, 657

 constant, 863
Segments, congruent, 198
Selected Answers, S74–S133
Sequence(s)

 arithmetic, see Arithmetic sequences

 defined, 862
 evaluating, 878
 finite, 862
 geometric, see Geometric sequences
 infinite, 862
 introduction to, 862–865
 terms of, 862

Sequoias, 450
Series

 arithmetic, see Arithmetic series
 constant, 871
 defined, 870
 evaluating, 878
 geometric, see Geometric series
 infinite geometric, see Infinite 

geometric series
 linear, 871
 quadratic, 871
 summation notation and, 870–873

Sets, 6
 finite, 7
 infinite, 7
 replacement, 55
 representing, 7–9
 solution, of equations, 90

Set-builder notation, 8–9
Set notation symbols, 245
Shakespeare, William, 95
Shipping, 667
Shopping, 17, 833, 840, 898
Short Response, 19, 66, 85, 131, 175, 

197, 226, 238–239, 241, 260, 307, 330, 
355, 373, 401, 412, 420, 434, 451, 471, 
480, 481, 483, 496, 504, 536, 560, 561, 
563, 607, 627, 644, 645, 647, 661, 696, 
717, 734, 742, 757, 766, 787, 800, 809, 
825, 843, 857, 877, 898, 918, 919, 921, 
948, 965, 985, 997, 1013, 1019, 1026, 
1033, 1045
 justifying, 19
 outline your response, 918–919

Side-angle-side (SAS), 966
Side-side-angle (SSA), 959
Side-side-side (SSS), 966
Sierpinski carpet, 896
Sierpinski triangle, 864
Sigma

 lowercase Greek letter (σ), 830
 uppercase Greek letter (Σ), 870

Silicon Valley, 242
Silver mining, 923
Similar figures, 99
Simple events, 819
Simple harmonic motion, 1034
Simple interest, 487, 638, 793
Simulations, exploring, 810
Sine function, 929, 944, 991

 graphs of, see Graphs of sines
 inverse, 951, 997
 Law of, 958–962

Singular matrix, 279
Skills Bank, S56–S73
Slope, 106

 average, of graph, 471
 undefined, 119

Slope Formula, 116
Slope-intercept form, 107, 115, 117, 

731
Social Studies, 548
Solar system, 758
Soldier Field, 789
Solid figures, views of, 219
Solution(s), 1027

 extraneous, 524, 600
 infinitely many, for dependent systems, 

220
 no, for inconsistent systems, 220
 one, for independent systems, 220

Solution region, 124
Solution sets of equations, 90
Solve a simpler problem, S55
Solving

 inequalities, 93
 linear equations,  90–92
 linear systems

in three variables, 220–224
using algebraic methods, 190–194
using graphs and tables, 182–185

 nonlinear systems, 768–771
 Quadratic equations

by completing the square, 343
by graphing and factoring, 333–337
by using the Quadratic Formula, 

356–360, 696, 766
summary of, 360

 quadratic inequalities, 366–370
 rational equations, 600–603
 rational inequalities, 603–604
 systems of linear inequalities, 

199–201
 triangles, 959

given a, b, and m∠A, 960
 trigonometric equations, 952

Sonic boom, 626
Sound, 510, 516, 887, 992, 995
Space, 542
Space exploration, 622, 624
SpaceShipOne, 362
Spatial-reasoning problems, 

982–983
Special Properties of Logarithms, 

506
Special right triangles, 928, S60

 trigonometric ratios of, 930
Speed, angular, 940
Speed cameras, 677
Sphere, 689, 735
Spider-Man, 908
Spinner, 811
Spittlebugs, 329
Sports, 11, 25, 66, 71, 202, 217, 222, 

225, 328, 335, 346, 347, 371, 380, 
459, 599, 659, 665, 756, 765, 818, 
886, 894, 912, 1010, 1032

Sports Link, 346
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Spreadsheets
 evaluating differences and ratios in 

data sets, 697
 using, with matrices to solve systems, 

286
Square matrices, 255
Square-root functions, 619

 domains of, 619–620
 graphing, 619–622
 transformations of, 621
 ranges of, 619–620

Square-root parent functions, 67, 
702
 transformations of the, 620

Square-Root Property, 341
Square roots, 21–23

 estimating, 21
 Product Property of, 22
 properties of, 22
 operations with, 22–23
 Quotient Property of, 22
 simplifying, 23

Square window, standard, on a 
graphing calculator, 67

Squares, 198
 completing, see Completing the square
 magic, 252
 perfect, 21
 two, difference of, 336

Squaw Valley, 308
SSA (side-side-angle), 959
SSS (side-side-side), 966
Standard deviation, 830
Standard form

 for the equation of a circle, 729, 760
 for the conic sections with center  

( h,k, ) , 760
 for the equation of an ellipse, 

737–738, 760
 for the equation of a hyperbola, 746, 

760
 for the equation of a parabola, 

752–753, 760
 for a linear equation, 111
 properties of quadratic functions in, 

323–327
 of quadratic functions, 324

Standard notation, 36
Standard position of an angle, 

936
Standard square window on a 

graphing calculator, 67
Standardized Test Prep, 84–85, 

174–175, 240–241, 306–307, 
400–401, 482–483, 562–563, 
646–647, 716–717, 786–787, 
856–857, 920–921, 984–985, 
1044–1045, see also Assessment

 Standardized Test Prep questions 
are also found in every exercise 
set. Some examples are: 13, 19, 26, 
32, 41

Standardized Test Strategies, see 
Strategies for Success

Statements, 
 equivalent, 445
 conditional, S72

Statistical graphs, 141, S69 
Statistics, 694

 data analysis and, 844
Stem-and-leaf plots, S67
Step function, 663
Stonehenge, 733
Storage, 442, 449
Strategies for Success, see also 

Assessment
Any Question Type
 Identify Key Words and Context 

 Clues, 480–481
 Read a Test Item for 

 Understanding, 560–561
 Use a Diagram, 644–645
Extended Response: Write Extended 

Responses, 304–305
Gridded Response: Write Gridded 

Responses, 172–173
Multiple Choice
 Choose Answer Combinations, 

 1042–1043
 Context-Based Test Items, 

 784–785
 Eliminate Answer Choices, 

 714–715
 None of the Above or All of the 

 Above, 854–855
 Spatial-Reasoning Problems, 

 982–983
 Use Multiple Methods, 82–83
 Work Backward, 398–399
Short/Extended Response: Outline 

Your Response, 918–919
Short Response: Write Short 

Responses, 238–239
Stretches, 61, 135, 160, 672–673

 horizontal, 672, 673, 991
of exponential functions, 537
of logarithmic functions, 538
of polynomial functions, 460
 of quadratic functions, 317
 vertical, 672, 673

Student to Student, 29, 117, 193, 
289, 358, 417, 491, 587, 664, 761, 
829, 880, 967, 1009

Study Guide: Review, 76–79, 
166–169, 232–235, 298–301, 
392–395, 474–477, 554–557, 
638–641, 708–711, 778–781, 
848–851, 912–915, 976–979, 
1036–1039, see also Assessment

Study Strategies, see also Reading 
and Writing Math
 Learn Vocabulary, 721
 Make Flash Cards, 567
 Prepare for Your Final Exam, 989
 Remember Theorems and Formulas, 

405
 Use Multiple Representations, 313
 Use Your Book for Success, 5

Stunts, 632

Subset, 6
Substitution, 190
Substitution method, 782, 784

 for solving linear systems, 190–191
 for solving nonlinear systems, 769

Subtraction
 of complex numbers, 383–384
 of functions, 682
 of matrices, 247
 of polynomials, 407–408
 of rational expressions, 583–587
 of square roots, 23

Subtraction Property of Equality, 90
Successes, 838
Sum

 of an infinite geometric series, 901
 of the first n terms

of an arithmetic series, 882
of a geometric series, 893

Sum and difference identities, 
using Pythagorean Theorem with, 
1015–1016

Sum and difference of two cubes
 exploring the, 429
 factoring the, 431

Sum identities, 1014–1017
Summation Formulas, 871
Summation notation

 defined, 870
 series and, 870–873

Sums, partial, 870, 882, 900
Super Bowl, 31
Surface area, 421, 581, S64, 618

 volume and, 735
Surveying, 100, 935, 972
Suspension bridges, 756
Swimming, 807
Symmetry, 836

 axis of, see Axis of symmetry
Synthetic division, 423
Synthetic Division Method, 423
Synthetic substitution, 424–425
System(s)

 consistent, 183, 184, 271
 dependent, 184, 220, 271, 273
 of equations, linear, see Linear systems
 inconsistent, 183, 184, 220, 271, 273
 independent, 184, 220
 of linear inequalities, see Linear 

inequalities, systems of
 solving

matrix inverses and, 278–281
using spreadsheets with matrices, 

286

 
T
Tables

 solving linear systems using, 182–185
 as sources of multiple representations 

of functions, 656
Tail of normal distribution, 846
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Taipei 101 tower, 86
Tangent function, 731, 929, 944, 998
 graphs of, see Graphs of tangents
 inverse, 951, 1003
Tangent ratio identities, 1008
Tangrams, 292
Taxes, 676
Technology, 38, 64, 95, 103, 156, 215, 

494, 549, 678, 896, 1003, 1033
Technology Lab, see also Algebra Lab

 Conic-Section Art, 767
 Evaluate Sequences and Series, 878
 Explore Differences and Ratios, 697
 Explore End Behavior, 452
 Explore Graphs and Factors, 332
 Explore Graphs and Windows, 

113–114
 Explore Holes in Graphs, 591
 Explore Inverses of Functions, 497
 Explore Negative Exponents, 33
 Explore Parameter Changes, 314
 Explore Parametric Equations, 227
 Explore Simulations, 810
 Explore the Unit Circle, 942
 Graph Piecewise Functions, 670–671
 Graph Trigonometric Identities, 1006
 Solve Absolute-Value Equations, 157
 Use Spreadsheets with Matrices to 

Solve Systems, 286
Telecommunication, 549
Television, 823
Television commercials, 31
Television Link, 823
Temporary functions, 136
Tennis, 816
Tennis Link, 816
Term numbers, 862
Term value, 862
Terminal side of an angle, 936
Terms

 of sequences, 862
 sum of the first n

of an arithmetic series, 882
of a geometric series, 893

Tessellations, 266, 869, S66
Test items

 context-based, 784-785
 reading, for understanding, 

560–561
Test-taking strategy, see Strategies 

for Success
Test-taking tips, see Hot Tip!
Tetrahedral kite, 876
Tetrahedrons, 888, 1046

 regular, 689
Tevatron, 1025
Thales of Miletus, 934
Theater, 883
Theorems, remembering, 405
Theoretical probability, 802–806
Theta (θ), Greek letter, 929
Third quartile, 829

30°-60°-90° Triangle Theorem, 928
Three-dimensional axes, 219
Three-dimensional coordinate 

system, 214
Three-dimensional figures, 735
Three dimensions, Midpoint and 

Distance Formulas in, 728
Ticket Pricing, 147
TNT equivalence, Richter scale, 547
Tomlinson, LaDainian, 202
Tornadoes, 633
Tornadoes Link, 633
Tourism, 470
Track, 588
Transformations, 59, 261, 672

 Compressions, 460, 537–538, 592, 
620–621, 672–674, 991

 Dilations, 261, 263
 effects of, on intercepts of f(x), 673
 exploring, 59–62
 of exponential and logarithmic 

functions, 537–541
 of f(x), 460, 672
 of functions, 672–676
  combining, 674
  piecewise functions, 672
 of graphs of cotangents, 999
 of graphs of hyperbolas, 747
 of graphs of quadratic functions, 

315–319
 of graphs of rational functions, 592
 of graphs of sines and cosines, 991
 of graphs of square-root functions, 

620–621
 of graphs of tangents, 998
 of linear functions, 134–137
 of polynomial functions, 460–463
 Reflections, 460, 537–538, 592, 

620–621, 672–674, 991
 rigid, 261
 Stretches, 460, 537–538, 592, 

620–621, 672–674, 991
 Translations, 460, 537–538, 592, 

620–621, 672–674, 991
Translating between words and 

math, 793
Translation matrix, 262
Translations, 59, 134, 159, 261, 672

 chess, 58
 horizontal, 672
of exponential functions, 537
of logarithmic functions, 538
of polynomial functions, 460
 of quadratic functions, 316
 vertical, 672

Transportation, 29, 53, 65, 327, 587, 
605, 659

Transversals, S58
Transverse axis of symmetry of 

hyperbolas, 744
Trapezoid, 198
Travel, 18, 31, 91, 100, 108, 156, 573, 

667, 734, 817, 825, 841, 874, 972, 
1013

Tree diagram, 817
Trend line, 145
Trial, 805
Triangle Sum Theorem, 959, 960
Triangles

 acute, 198
 area of, 958
 equilateral, 198
 isosceles, 198
 obtuse, 198
 right, see Right triangles
 scalene, 198
 solving, 959–961, 966–967

given a, b, and m∠A, 960
 special right, see Special right 

triangles
Triangular numbers, 380
Trigonometric equations, solving, 

952, 1027–1030
 in quadratic form, 1028

Trigonometric functions, 
990–1003
 applying, 974
 defined, 929
 graphs of, 991–994, 998–1000
 inverse, 950–953, 997, 1003
 reciprocal, 932
 reference angles and, 944

Trigonometric graphs, 1004
Trigonometric identities, 1034

 cotangent ratio, 1008
 difference, 1014–1017
 double-angle, 1020–1021
 fundamental, 1008–1010
 graphing, 1006
 half-angle, 1022–1023
 negative-angle, 1008
 Pythagorean, 1008
 reciprocal, 1008
 sum, 1014–1017
 tangent ratio, 1008

Trigonometric ratios of special 
right triangles, 930

Trigonometry, 929
 angles and, 956
 right-angle, 929–932

Trinomials, 336, 407
 perfect-square, 336

Trumpeter swans, 648
Tsunamis, 773
Turning point of graphs, 455

 
U
Ujjain, India, 18
Unbounded feasible region, 206
Undefined slope, 119
Understanding

 conic sections, 758
 reading problems for, 653
 reading test items for, 560–561
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Unit circles, 942, 943–946
 defined, 944
 exploring, 942

Unit conversions, S57
Unpacking the Standards, 4, 

88, 180, 244, 312, 404, 488, 566, 
652, 720, 792, 860, 926, 988, 
see also Assessment

Unreasonable answer choices, 
eliminating, 715

Upper quartile, see Third quartile
US Bank Tower, 86
Use a Venn diagram, S51
Use logical reasoning, S52
Using Your Book to Master the 

Standards, CA2–CA3

V
Value

 expected, 828
 maximum, see Maximum values
 minimum, see Minimum values
 term, 862

Van de Graaff generator, 425
Variable(s)

 dependent, 52
 independent, 52
 isolating, 91
 one, linear equations in, 90
 three, solving linear systems in, 

220–224
 two

linear inequalities in, 124–127
quadratic inequalities in, 366

Variable matrix, 279
Variance, 830
Variation, 569–572, 830

 combined, 572
 constant of, 569
 direct, 569
 inverse, see Inverse variation
 joint, 570
 measures of, 830

Variation functions, 569–573
Venn diagram, 821, S72
Verbal descriptions as sources 

of multiple representations of 
functions, 656

Vertex, 205
 of an absolute-value function, 159
 of a parabola, 318
 of a quadratic function, 318

Vertex form of a quadratic 
function, 318

Vertex Principle of Linear 
Programming, 206

Vertical asymptotes, 592–594, 998, 
1000

Vertical compressions, see 
Compressions

Vertical-line test, 46, 1026
Vertical lines, 108
Vertical stretches, see Stretches
Vertical translations, see Translations
Vertices

 of ellipses, 736
 of hyperbolas, 744

Views of solid figures, 219, S66
Vocabulary, 10, 24, 38, 47, 54, 63, 70, 

94, 100, 109, 128, 146, 154, 161, 186, 
194, 202, 209, 216, 250, 257, 265, 
274, 282, 291, 320, 328, 338, 345, 
353, 361, 370, 377, 386, 410, 442, 
457, 493, 501, 509, 526, 534, 548, 
573, 580, 588, 597, 605, 614, 624, 
632, 666, 686, 726, 732, 740, 748, 
755, 772, 798, 806, 815, 822, 833, 
840, 865, 874, 884, 904, 933, 939, 
947, 953, 995, 1017
 learning, 721

Volume, 39, 421, 581, 689, S65
 and area relationships, 618
 surface area and, 735

 
W
Water, 283
Water-skiing, 776
Waterfalls, 346
Weather, 328, 470, 808
Weighted average, 828
Whales, 178, 659
Whales Link, 659
What if...?, 12, 18, 62, 72, 95, 101, 

110, 111, 113, 129, 130, 131, 137, 
145, 155, 161, 197, 273, 283, 321, 
329, 339, 347, 348, 353, 361, 379, 
415, 426, 495, 510, 528, 535, 540, 
543, 571, 581, 589, 597, 606, 615, 
625, 633, 655, 667, 677, 678, 730, 
749, 756, 765, 766, 771, 798, 866, 
875, 883, 885, 896, 934, 940, 948, 
954, 964, 972, 994, 1025

White, Jason, 292
White House, 740
Whole numbers, 6
Williams, Serena, 890
Wimbledon, 816, 894
Windows, exploring, 113–114

Winter Sports, 185, 379
Words and math, translating between, 

793
Work, 573, 603, 605, 947
Work backward, S49
World War II, 210
Write About It

Write About It questions appear in 
every exercise set. Some examples: 
12, 19, 25, 32, 41

Writing
 composite functions, 684
 convincing arguments, 861
 the equation of a circle, 730
 rules for inverse functions, 691

Writing Math, 612
Writing Strategies, see also Reading 

and Writing Math
 Keep a Math Journal, 181
 Translate Between Words and Math, 

793
 Use Your Own Words, 489
 Write a Convincing Argument, 861

 
X
x-axis, 382

 reflections across, 134, 672, 673, 1015
x bar, 830
x-intercepts, 106, 136, 332–334, 432, 

445, 455, 673, 993, 999

 
Y
y-axis, 382

 reflections across, 134, 672, 673
y-intercepts, 106, 136, 184, 324, 455, 

673
Yosemite Falls, 2

 
Z
z-axis, 214
Zero Exponent Property, 35
Zero matrix, 249
Zero Product Property, 334, 1028
Zeros

 exponents of, 35
 of functions, 333, 432
 and vertical asymptotes, 594

Zoology, 162, 193



Credits
Abbreviations used: (t) top, (c) center, (b) bottom, (l) left, 
(r) right, (bkgd) background

Staff Credit
Bruce Albrecht, Jennifer Cassle, Lorraine Cooper, Marc Cooper, Martize Cross, Nina 
Degollado, Julie Dervin, Michelle Dike, Lydia Doty, Sam Dudgeon, Kelli R. Flanagan, 
Stephanie Friedman, Pam Garner, Diannia Green, Tom Hamilton, Tracie Harris, Liz 
Huckestein, Jevara Jackson, Simon Key, Jane A. Kirschman, Kadonna Knape, Cathy 
Kuhles, Jill M. Lawson, Liann Lech, Leandria Lee, Jonathan Martindill, Erin Miller, 
Stacey Murray, Susan Mussey, Michael Neibergall, Kim Nguyen, Sara Phelps, Manda 
Reid, Michael Rinella, Annette Saunders, Kay Selke, Robyn Setzen, Patricia Sinnott, 
Victoria Smith, Jeannie Taylor, Karen Vigil, Kira J. Watkins, Sherri Whitmarsh, Glenn P. 
Worthman, David W. Wynn

Photo Credits
All images by HRW Photo unless otherwise noted.

Master Icons: teens, authors, (all), Sam Dudgeon/HRW Photo

Front Matter: vi (l), Bill Ross/CORBIS; vii (r), Jim Corwin/Index Stock Imagery, Inc.; 
viii (l),  Masa Ushioda / SeaPics.com; ix (r), Charlotte Raymond/Photo Researchers, 
Inc.; x (l), Stephen Dunn/Getty Images; xi (r), Mark Gibson Photography; xii (l), David 
Parker/Photo Researchers, Inc.; xiii (r), Letser Lefkowitz/CORBIS; xiv (l), Mark Raycroft/
Minden Pictures; xv (r), QT Luong/Terra Galleria Photography; xvi (l), Wm. Baker/
GhostWorx Images/Alamy; xvi (r), Grady Harrison/Alamy; xviii (l), Doug Armand/Getty 
Images; xix (r), Sebastien Burel/ShutterStock.

Chapter One: 2–3 (all), Bill Ross/CORBIS, Gary Rhijnsburger/Masterfile; 6 (bl), NASA 
Kennedy Space Center; 11 (t, inset), Victoria Smith/HRW; 12 (l), Mark A. Schneider/
Photo Researchers, Inc.; 14 (tr), on-page credit; 17 (br, inset), Sam Dudgeon/HRW; 18 
(cl), Dinodia Picture Agency; 18 (bl), NASA Kennedy Space Center; 21 (tr), © Royalty 
Free/CORBIS; 25 (tr), Chase Swift/CORBIS; 25 (bl), NASA Kennedy Space Center; 25 
(cl), Jason Hawkes Photo Library; 27 (tr), Don Emmert/AFP/Getty Images; 27 (tr), 
Cartoon copyrighted by Mark Parisi, printed with permission.; 29 (tr), Orlin Wagner/
AP/Wide World Photos; 31 (cl), Mike Elicson/AP/Wide World Photos; 31 (bl), NASA 
Kennedy Space Center; 34 (tr), NASA; 37 (l), NASA/JPL/University of Arizona; 38 (r), 
Cornell University; 39 (l),  James Martin/Getty Images; 40 (tl), NASA Kennedy Space 
Center; 42 (tl), NASA Kennedy Space Center; 42 (tr), NASA; 44 (tr), Bananastock; 45 
(t, tc, bc, b), Victoria Smith/HRW; 48 (tr), United States Mint Image; 49 (tl), Victoria 
Smith/HRW; 49 (br), Sam Dudgeon/HRW; 51 (tr), Adastra/Getty Images; 53 (tr), 
Dallas and John Heaton/PictureQuest; 55 (tl), © Royalty Free/CORBIS; 56 (tl), Victoria 
Smith/HRW; 57 (cl), Len Rubenstein/Index Stock Imagery, Inc.; 60 (t), © PunchStock; 
64 (bl), Victoria Smith/HRW; 64 (cl), Terry l. Husebye/workbookstock.com; 67 (t), Alex 
Rosenfield/Science Photo Library; 71 (bl), Victoria Smith/HRW; 72 (l), NASA; 72 (c), 
Copyright © Image Source Limited ; 72 (cr), Photodisc/Getty Images; 74 (tl), Victoria 
Smith/HRW; 74 (br), George H. H. Huey/CORBIS. 

Chapter Two: 86–87 (all), Jim Corwin/Index Stock Imagery, Inc.; 90 (tr), Corel 
Royalty Free; 91 (tl), Boccon-Gibod Thierry/Gamma; 95 (cl), © CORBIS SYGMA; 95 
(bl), AbleStock.com; 97 (tr), Brad Wrobleski/Masterfile; 98 (br), Mike Dobel/Alamy 
Photos; 102 (tl), AbleStock.com; 102 (inset), PictureNet/CORBIS; 102 (bl), D. Hurst/
Alamy Photos; 102 (cr), Andrew Brown; Ecoscene/CORBIS; 105 (tr), NASA/Science 
Photo Library; 110 (cr), Patrick Beckers; 111 (tl), AbleStock.com; 111 (cl), © Image 
State/Alamy; 115 (tr), Ray Stubblebine/Reuters/CORBIS; 117 (bl), Digital Vision; 
118 (inset), Sam Dudgeon/HRW; 118 (inset), Sam Dudgeon/HRW; 118 (inset), 
Sam Dudgeon/HRW; 121 (cl), Erich Lessing/Art Resource, NY; 121 (tl), AbleStock.
com; 124 (tr), Photo by 20th Century Fox/ZUMA Press; 128 (bl), Detlev Van 
Ravenswaay/Science Photo Library; 129 (tr), ©Alamy Photos; 129 (bl), AbleStock.
com; 130 (tr), Andy Christiansen/HRW; 132 (tl), AbleStock.com; 132 (br), ©Onne van 
der Wal/CORBIS; 134 (tr), © CORBIS; 137 (tr), Sam Dudgeon/HRW; 139 (bl), Steve 
Vidler/SuperStock; 139 (cl), Russell C. Poole; 142 (tr), Annie Griffiths Belt/CORBIS; 144 
(tl), Carlos Lopez-Barillas/Corbis; 147 (tl), Tim Zurowski/CORBIS; 148 (br), James L. 
Amos/CORBIS; 148 (tl), Steve Vidler/SuperStock; 150 (tr), Courtesy of the Louisville 
Slugger Museum; 155 (cl), Patrick Hertzog/AFP/Getty Images; 155 (bl), Steve Vidler/
SuperStock; 158 (tr), Morton Beebe & Associates; 161 (br), Photodisc/gettyimages; 
162 (bl), Steve Vidler/SuperStock; 162 (cr), © PunchStock; 164 (br), Kim Christensen; 
164 (tl), Steve Vidler/SuperStock; 174 (br), Bob Krist/CORBIS; 176 (cr), Bob Krist/
CORBIS; 177 (b), Jim Wark/Airphoto; 177 (cr), Michael Townsend/Getty Images. 

Chapter Three: 178–179 (all), Masa Ushioda/SeaPics.com; 182 (tr), Richard 
Price/Getty Images; 186 (tl), © Royalty Free/CORBIS; 187 (tl), Michael Melford/Getty 
Images; 190 (tr), Eric Vandeville/Gamma; 193 (tl), Jesse Cohen; 193 (bl), Comstock 
Royalty Free; 195 (br), Frank Herholdt/Alamy Photos; 195 (tl), Phil Kember/Index 
Stock Imagery, Inc.; 195 (tr), Javier Pierini/gettyimages; 195 (bl), Jules Frazier/
Photodisc Green/gettyimages; 196 (tl), © Royalty Free/CORBIS; 199 (tl), VAN 
HASSELT JOHN/CORBIS SYGMA; 200 (cl), Galen  Rowell/CORBIS; 203 (tl), © Royalty 
Free/CORBIS; 210 (tl), © Royalty Free/CORBIS; 210 (cl), CORBIS; 212 (tl), © Royalty 
Free/CORBIS; 212 (br), Paltera Stefano/Gamma; 214 (tr, inset), Gilles Mingasson/
Getty Images; 217 (inset), David B. Fleetham/Photolibrary; 220 (tr), Al Tielemans/SI/
Newsport/CORBIS; 222 (tl), Ralph Freso/East Valley Tribune/AP/Wide World Photos; 
225 (bl), ACE STOCK LIMITED/Alamy; 227 (bl), ACE STOCK LIMITED/Alamy; 227 (br), 
Dean/Alamy; 228 © Mark Peterson/CORBIS; 228 (tl), ACE STOCK LIMITED/Alamy. 

Chapter Four: 242–243 (all), Charlotte Raymond/Photo Researchers, Inc.; 244 
(tr), United Press International/NewsCom; 248 (cr), © Paul A. Souders/CORBIS; 251 
(bl), Photodisc/gettyimages; 253 (tr), ZUMA Press; 255 (tr), Victoria Smith/HRW; 
258 (cl), Itar-Tass Photos/NewsCom; 258 (bl), Photodisc/gettyimages; 259 (tl), Jeff 
Cooper/Salina Journal/AP/Wide World Photos; 262 (tr), The Granger Collection, New 
York; 266 (tl) © 2005 The M.C. Escher Company-Holland.  All rights reserved.  www.
mcescher.com; 266 (bl), Photodisc/gettyimages; 268 (b), Brian Summers/Veer Images; 
268 (tl), Photodisc/gettyimages; 270 (tr), Rosemary Weller/Getty Images; 273 (cr), 
Sam Dudgeon/HRW; 275 (cl), James L. Amos/CORBIS; 276 (tl), Purestock/SuperStock; 
277 (bl), LWA-Dann Tardif/CORBIS; 284 (tl), Purestock/SuperStock; 285 (tr), Artville/
gettyimages; 287 (tr), © Royalty Free/CORBIS; 289 (bl), © Royalty Free/CORBIS; 
292 (tl), Victoria Smith/HRW; 292 (cr), ADAM NADEL/AFP/Getty Images; 292 (bl), 
Purestock/SuperStock; 293 (t), Victoria Smith/HRW; 294 (br), Stone/Getty Images; 294 
Purestock/SuperStock; 307 Copyright © Image Source Limited; 308 (b), Mark Gibson 
Photography; 308 (cr), Marc Deitrich/ShutterStock; 309 (b), britishcolumbiaphotos/
Alamy; 309 (t), Jonelle Weaver/NewsCom.

Chapter Five: 310–311 (all), Stephen Dunn/Getty Images; 315 (tr), Bill Brooks/
Masterfile; 321 (tl), © Royalty Free/CORBIS; 321 (bl), Andy Christiansen/HRW; 323 
(tr), Robert Holland/Image Bank/Getty Images; 329 (tl), James Robinson/Animals 
Animals/Earth Scenes; 329 (bl), Andy Christiansen/HRW; 333 (tr), Aflo Foto; 339 
(bl), Andy Christiansen/HRW; 339 (tl), David Mendelsohn/Masterfile; 341 (tr), 
David Welling/Nature Picture Library; 346 (br), Peter Guttman/CORBIS; 347 (tl), 
Andy Christiansen/HRW; 350 (tr), on-page credit; 354 (cl), The Granger Collection, 
New York; 356 (tr), Reuters/CORBIS; 358 (bl), © BananaStock Ltd.; 362 (tl), 
Scaled Composites/SPL/Photo Researchers, Inc.; 362 (bl), Andy Christiansen/HRW; 
362 (inset), Steve Bloom Images; 364 (tl), Andy Christiansen/HRW; 364 (br), Ray 
Stubblebine/Reuters/CORBIS; 366 (tr), David M. Dennis/Animals Animals/Earth 
Scenes; 372 (tl), Andy Christiansen/HRW; 374 (tr), The Granger Collection, New York; 
378 (bl), Andy Christiansen/HRW; 380 (l), Science Photo Library/Photo Researchers, 
Inc.; 382 (tr), Gregory Sams/SPL/Photo Researchers, Inc.; 387 (r), Mehau Kulyk/
Photo Researchers, Inc.; 387 (l), A. Pasieka/Photo Researchers, Inc.; 388 (bl), Andy 
Christiansen/HRW; 390 (tl), Andy Christiansen/HRW; 390 (b), Jennifer Shephard, The 
Truth/AP/Wide World Photos; 390 (r), Andy Christiansen/HRW. 

Chapter Six: 402–403 (all), Mark Gibson Photography; 406 (tr), Dan Lim/Masterfile; 
411 (bl), © Hans Neleman/The Image Bank/Getty Images; 414 (tr), Digital Vision/
eStock Photo; 417 (tl), © LWA-Dann Tardif/CORBIS; 419 (bl), © Hans Neleman/The 
Image Bank/Getty Images; 419 (tl), © Bettman/CORBIS; 422 (tr), © Cartoon Stock; 
425 (l), Theater of Electricity at the Museum of Science, Boston; 427 (bl), © Hans 
Neleman/The Image Bank/Getty Images; 427 (tl), © Bettman/CORBIS; 428 (tr), © 
PhotoDisc/gettyimages; 428 (br), © PhotoDisc/gettyimages; 430 (tr), Ian Lloyd/
Masterfile; 434 (tl), © Hans Neleman/The Image Bank/Getty Images; 435 (bl), Zuma 
Press/NewsCom; 436 (tl), © Hans Neleman/The Image Bank/Getty Images; 436 (br), 
© Neal Preston/CORBIS; 438 (tr), Sam Dudgeon/HRW; 443 (bl), Neil Beer/CORBIS; 
443 (cl), © 2005 Busch Entertainment Corporation.  All rights reserved; 445 (tr), 
© Mark M. Lawrence/CORBIS; 450 (tl), Neil Beer/CORBIS; 450 (cl), © James 
Randklev/CORBIS; 453 (tr), © Craig Lovell/CORBIS; 458 (bl), Neil Beer/CORBIS; 458 
(tl), PHOTOTAKE Inc./Alamy Photos; 460 (tr), © Black Star/Alamy Photos; 462 (r), 
Pixonnet.com/Alamy Photos; 464 (bl), Neil Beer/CORBIS; 464 (cl), Tom Stack/Tom 
Stack & Associates; 466 (tr), Getty Images; 469 (bl, bc, br), Victoria Smith/HRW; 470 
(r), Worldsat International/SPL/Photo Researchers, Inc.; 472 (b), © Richard T. Nowitz/
CORBIS; 484 (tr), Tony Freeman/PhotoEdit, Inc.; 484 (cr), Ron Steiner/Alamy; 484 (bl), 

Credits S181



Brandon D. Cole/Workbook Stock/Jupiterimages; 485 (b), David Zanzinger/Alamy; 485 
(r), Brand X Pictures/Photo Library. 

Chapter Seven: 486–487 (all), David Parker/Photo Researchers, Inc.; 490 (tr), 
Richard Lewis/AP/Wide World Photos; 491 (b), © PunchStock; 493 (r), M. Kalab/
Custom Medical Stock Photo; 494 (l), Bettmann/CORBIS; 496 (l), CDC/PHIL/CORBIS; 
498 (tr), Cartoon copyrighted by Mark Parisi, printed with permission.; 502 (cl), 
Vandystadt-Didier Givois/TIPS Images; 503 (l), © PunchStock; 505 (t), Peter Van 
Steen/HRW; 509 (br), The Garden Picture Library/Alamy Photos; 509 (bc), Steve 
Satushek/Getty Images; 509 (bl), jack sparticus/Alamy Photos; 512 (tr), Simon 
Kwong/CORBIS; 517 (tr), Fred Espenak/Photo Researchers, Inc.; 517 (cl), George 
Bernard/Photo Researchers, Inc.; 518 (l), Randy Allbritton/Photodisc Green/
gettyimages; 518 (r), Christie’s Images/CORBIS; 519 (c, inset), Sam Dudgeon/HRW; 
520 (b), Jerry King/eToon.com; 522 (tr), Philippe Petit-Mars/CORBIS; 527 (bl), age 
fotostock/ImageState; 527 (inset), Sam Dudgeon/HRW; 527 (cl), © photographer/
Alamy Photos; 531 (t), D. Schwimmer/Bruce Coleman, Inc.; 533 (t), R.A. Mittermeir/
Bruce Coleman, Inc.; 535 (cl), franc Lukasseck/Picture  Press/photolibrary; 535 (bl), 
age fotostock/Imagestate; 537 (t), Scott Bodell/Phototake; 540 (all images), © 
Royalty Free/CORBIS; 542 (cl), David Ducros/Photo Researchers, Inc.; 543 (bl), age 
fotostock/ImageState; 543 (cl), Susumu Nishinf/SPL/Photo Researchers, Inc; 545 (t), 
Steve Taylor/Getty Images; 549 (cl), © PunchStock; 550 (t), age fotostock/Imagestate; 
551 (bl), © PunchStock; 552 (b), Jim Wark/Airphotona. 

Chapter Eight: 564–565 (all), Letser Lefkowitz/CORBIS; 568 (tl, tr, c, b), Andy 
Christiansen/HRW; 569 (t), Steve Gates/AP/Wide World Photos; 571 (b), Andy 
Christiansen/HRW; 574 (cl), Robbie Jack/CORBIS; 574 (tr), Sam Dudgeon/HRW; 575 
(t), Stockdisc/gettyimages; 577 (t), Design Pics Inc/Alamy; 581 (cl), Dr. E. Strouhal/
Werner Forman/Art Resource, NY; 581 (r), PhotoDisc/gettyimages; 581 (bl), Stockdisc/
gettyimages; 583 (t), Digital Vision/gettyimages; 587 (t), BananaStock/age fotostock; 
589 (cl), L. Hammel/A. van der Voort/Bildarchiv Monheim GmbH/Alamy Photos; 589 
(tl), Stockdisc/gettyimages; 592 (t), Simon Hayter/Toronto Star/NewsCom; 598 (tl), 
The Granger Collection, New York; 598 (bl), Stockdisc/gettyimages; 600 (tr), © Skip 
Brown/Getty Images; 602 (tr), Photodisc Blue/Getty Images; 606 (r), Ezra Shaw/Getty 
Images; 606 (t), Stockdisc/gettyimages; 606 (tl), © William Sallaz/Duomo/CORBIS; 
608 (l), Stockdisc/gettyimages; 608 (b), Michael Kim/CORBIS; 608 (r), Bettmann/
CORBIS; 610 (t), Paul Sancya/AP/Wide World Photos; 615 (cl), Chris Johnsr/National 
Geographic Image Collection; 616 (cl), Breck P. Kent/Animals Animals/Earth 
Scenes; 616 (tl), Comstock Images/Alamy; 619 (t), NASA; 622 (b), NASA; 625 (l), 
John Boyd/photolibrary.com; 626 (cl), John Gay/Ensign/AP/Wide World Photos; 
626 (tl), Comstock Images/Alamy; 626 (br), © Eastcott Momatiuk/Photographer’s 
Choice/Getty Images; 628 (t), The New Yorker Collection, 2002, Leo Cullum from 
Cartoonbank.com.  All rights reserved.; 633 (l), Don Lloyd/The Reporter/AP/Wide 
World Photos; 634 (t), Comstock Images/Alamy; 636 (t), Comstock Images/Alamy 
Photos; 636 (b), Bob Krist/CORBIS; 640 (b), Thomas Mangelsen/Minden Pictures; 648 
(cl), Michael Quinton/Minden Pictures; 649 (inset), Bettmann/CORBIS; 649 (t), Bruce 
Ando/Stone/Getty Images. 

Chapter Nine: 650–651 (all), Mark Raycroft/Minden Pictures; 654 (tr), Alan Schein 
Photography/CORBIS; 659 (cl), Phillip Colla/Oceanlight; 660 (tl, tc, tr), Sam Dudgeon/
HRW; 662 (tr), ©Mike Finn-Kelcey/Reuters/CORBIS; 664 (bl), © PunchStock; 667 (l), 
Victoria Smith/HRW; 672 (t), Mike Baldwin/www.cartoonstock.com; 677 (cl), eye35.
com/Alamy ; 678 (tl, tr), Digital Vision/gettyimages; 680 (b), Wernher Krutein; 682 (t, 
tl), Sam Dudgeon/HRW; 687 (cl), © PunchStock; 690 (t), Sam Dudgeon/HRW; 694 (l), 
© PunchStock; 695 (t), CORBIS Royalty free; 698 (t), Bruce Ayres/Getty Images; 700 
CORBIS Royalty Fee Photographs; 700 (t), Tim Fitzharris/Minden Pictures; 703 SPL/
Photo Researchers, Inc.; 704 (bl), Stuart Westmorland/Getty Images; 704 (tl), CORBIS 
Royalty Free; 706 (c), PhotoDisc/ gettyimages; 706 (b), Gerard Vandystadt/TIPS 
Images; 706 (tl), Carl & Ann Purcell/CORBIS. 

Chapter Ten: 718–719 (all), QT Luong/Terra Galleria Photography; 727 (l), Jeremy 
Woodhouse/Digital Vision/gettyimages; 729 (t), Adam Crowley/Photodisc Green/
gettyimages; 733 (cl), Jason Hawkes/CORBIS; 736 (tr), Scott Brownell/Museum 
of Science and Industry, Chicago; 740 (b), Lani Howe/Photri-Microstock; 741 (cl), 
Free Agents Limited/CORBIS; 744 (t), David Fleetham/Getty Images; 749 (cl), Paul 
Katz/Index Stock Imagery, Inc.; 751 (t), © David Madison Sports Images, Inc.; 
755 (l), Kevin Taylor/Alamy; 756 (t), AFP/Getty Images; 757 (cl), Sheila Terry/Photo 
Researchers, Inc.; 758 (b), Mehau Kulyk/SPL/Photo Researchers, Inc.; 760 (t), 
Jim Sugar/CORBIS; 761 (t), © PunchStock; 764 (b), NOAO/AURA/NSF/PHOTO 
RESEARCHERS, INC; 765 (tl), Victoria Smith/HRW; 768 (t), Travel Ink/Digital Vision/
gettyimages; 773 (cl), Bruno Fert/CORBIS; 773 (b), Victoria Smith/HRW; 775 (b), 
Copyright © Image Source Limited ; 776 (t), Victoria Smith/HRW; 776 (b), Randy 

Faris/CORBIS; 788 (t), Hulton Archive/Getty Images/NewsCom; 788 (b), Darryl 
Dennis/IconSMI/NewsComl; 789 (t), Robert Landau/CORBIS; 789 (b), Alan Levenson/
Jupiterimages.

Chapter Eleven: 790–791 (all), Wm. Baker/GhostWorx Images/Alamy; 794 (t), 
Sam Dudgeon/HRW/Artwork by Teri Jonas, Courtesy Wally Workman Gallery, Austin, 
TX; 796 (l, cl, cr, r), ©The Andy Warhol Foundation for the Visual Arts/Corbis; 797 
(r), Japack Photo Library/Photolibrary; 799 (bl), Sam Dudgeon/HRW; 799 (cl), Jacek 
Bednarczyk/EPA Photos/NewsCom; 799 (br), Sam Dudgeon/HRW; 802 (t), Sam 
Dudgeon/HRW; 803 (r), Sam Dudgeon/HRW; 805 (r), Sam Dudgeon/HRW; 808 (tl, 
tr), Sam Dudgeon/HRW; 811 (t), Adey Bryant/www.CartoonStock.com; 813 (r), Jason 
Reeves/Reuters; 813 (l), Jim Young/Reuters; 814 (t), Sam Dudgeon/HRW; 816 (l), 
© Kevin Lamarque/Reuters/CORBIS; 816 (bl, br), Sam Dudgeon/HRW; 818 (t), Sam 
Dudgeon/HRW; 819 (b), Sam Dudgeon/HRW; 820 (r), Sam Dudgeon/HRW; 821 (t), 
Sam Dudgeon/HRW/The Isahinkai Foundation; 823 (l), CBS/Landov; 824 (l, tr, all 
inset), Sam Dudgeon/HRW; 826 (all photos), Sam Dudgeon/HRW; 828 (t), Republished 
with permission of Globe Newspaper Company, Inc./Stan Grossfeld; 829 (b), © 
Comstock Images/Alamy Photos; 834 (t), © Lester Lefkowitz/CORBIS; 835 (t), © 
ThinkStock LLC/Index Stock Imagery, Inc.; 836 (t), © ThinkStock LLC/Index Stock 
Imagery, Inc.; 836 (b), © Ron Sherman/Getty Images; 841 (l), Werner Layer/Animals 
Animals/Earth Scenes; 841 (b), © ThinkStock LLC/Index Stock Imagery, Inc.; 842 (l), 
The Granger Collection, New York; 844 (b), © Wolfgang Kaehler/CORBIS. 

Chapter Twelve: 858–859 (all), Grady Harrison/Alamy; 862 (t), The Image Bank/
Getty Images; 866 (l), The Granger Collection, New York; 866 (bl, br), Sam Dudgeon/
HRW; 867 (tl), Anthony Lysson; 870 (t), Jim Barcus/Kansas City Star/KRT Photos/
NewsCom; 872 (b), Blow Up/Getty Images; 875 (l), The Granger Collection, New 
York; 876 (tl), Anthony Lysson; 877 (b), Stewart Cohen/Photodisc Red/gettyimages; 
879 (tl, tr), United States Mint Image; 879 (tc), ™ Rachel Robinson by CMG 
Worldwide/www.JackieRobinson.com; Stamp Designs: © 1982, United States Postal 
Service. Displayed with permission. All rights reserved. Written authorization from 
the Postal Service is required to use, reproduce, post, transmit, distribute, or publicly 
display these images.; 880 (b), Lucca DiCecco/Alamy; 882 (t), Anthony Lysson; 885 (t), 
Chuck Pefley/Alamy Photos; 885 (cr), David Noton/Getty Images; 886 (tl), Anthony 
Lysson; 888 (b), STEPHANE/Gamma; 890 (tl), Reuters/CORBIS; 890 (cl), PhotoDisc 
green/gettyimages; 894 (t), REUTERS/Ian Hodgson/CORBIS; 896 (t), Bettman/CORBIS; 
897 (t), Ingram Publishing/Alamy; 900 (t), Vaughan Fleming/David Parkeker/Photo 
Researchers, Inc.; 905 (t), Victoria Smith/HRW; 906 (t), Ingram Publishing/Alamy; 908 
(t), Ingram Publishing/Alamy; 908 (b), Sony Pictures/ZUMA; 922 (b), Lester Lefkowitz/
CORBIS; 922 (cr), Lake County Museum/CORBIS; 923 (r), Digital Vision/gettyimages; 
923 (b), ImageState/Alamy Photos; 923 (c), Don Farrall/Photodisc Green/getty images. 

Chapter Thirteen: 924–925 (all), Doug Armand/Getty Images; 929 (t), © John 
Elk III/Lonely Planet Images; 934 (tl), © Larry Lee Photography/CORBIS; 934 (b), 
NORBERT WU/Minden Pictures; 936 (t), Photo by Rick Wilking/Reuters; 940 (t), © 
Steve Allen/Brand X Pictures/Alamy Photos; 940 (b), NORBERT WU/Minden Pictures; 
943 (t), NASA Marshall Space Flight Center (NASA-MSFC); 948 (t), NORBERT WU/
Minden Pictures; 949 (b), © Michael Keller/CORBIS; 950 (t), Jimmy Chin/National 
Geographic Image Collection; 953 (b), © GOODSHOOT/Alamy Photos; 954 (l), © 
DAVID LOH/Reuters/CORBIS; 955 (t, tl), NORBERT WU/Minden Pictures; 956 (b), © 
Amos Nachoum/CORBIS; 958 (t), © Ron Watts/CORBIS; 964 (t), © D. Hurst/Alamy 
Photos; 964 (l), © Jay Ireland & Georgienne E. Bradley; 966 (t), © VALLON FABRICE/
CORBIS KIPA; 967 (b), © Michael A. Keller/CORBIS; 970 (b), Jim Wark/Airphoto; 972 
(t), © D. Hurst/Alamy Photos; 972 (l), © Charles and Josette Lenars/CORBIS; 974 (t), 
© D. Hurst/Alamy Photos; 974 (b), George Hall/Check Six. 

Chapter Fourteen: 986–987 (all), Sebastien Burel/ShutterStock; 990 (t), Thinkstock/
Alamy Photos; 992 (r), Charles D. Winters; 994 (t), Index Stock Imagery/Photo 
Library; 996 (t), Brand X Pictures/Alamy Photos; 996 (b), Eckhard Slawik/SPL/Photo 
Researchers, Inc.; 998 (t), Richard Gaul/Getty Images; 1002 (t), Eckhard Slawik/SPL/
Photo Researchers, Inc.; 1002 (cl), Allan H Shoemake/Getty Images; 1004 (t), Eckhard 
Slawik/SPL/Photo Researchers, Inc.; 1004 (bl), Paul A. Souders/CORBIS; 1004 (br), 
Buddy Mays/CORBIS; 1008 (t), Duomo/CORBIS; 1009 (b), Ken Weingart/SuperStock/
Alamy; 1012 (t), Sam Dudgeon/HRW; 1018 (b), Donald Miralle/Getty Images; 1020 
(t), Donald Miralle/Getty Images; 1025 (t), Sam Dudgeon/HRW; 1025 (cl), Kevin 
Fleming/CORBIS; 1027 (t), Cosmo Condina/TIPS Images; 1032 (tl), Yuriko Nakao/
Reuters/CORBIS; 1032 (b), Sam Dudgeon/HRW; 1034 (t, b), Sam Dudgeon/HRW; 1046 
(cr), Brooks Kraft/CORBIS; 1046 (b), Brownie Harris/CORBIS; 1047 (t), Tom Till/Alamy 
Photos; 1047 (b), Jeff Greenberg/Index Stock/Photo Library.

Backmatter: S2 (t), John Langford/HRW; S3 (b), John Langford/HRW.

S182 Credits



a207se_fm_i-vi.sw.indd   ia207se_fm_i-vi.sw.indd   i 11/29/05   2:58:03 PM11/29/05   2:58:03 PM


	Student Handbook
	Extra Practice
	Skills Practice
	Applications Practice

	Problem Solving Handbook
	Draw a Diagram
	Make a Model
	Guess and Test
	Work Backward
	Find a Pattern
	Make a Table
	Solve a Simpler Problem
	Use Logical Reasoning
	Use a Venn Diagram
	Make an Organized List

	Skills Bank
	Selected Answers
	Glossary/Glosario
	Index
	Credits




