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CHAPTER 1 Graphs 
 
Section 1.1: Graphing Utilities; Introduction to Graphing Equations 
p. 1. Cartesian; x; y; origin; ordered pair; quadrants; abscissa; ordinate  
Example 1.  

x y (x, y) 
-2 y = -(-2) + 3 = 5 (-2, 5)
-1 4 (-1, 4)
0 3 (0, 3)
1 2 (1, 2)
2 1 (2, 1)

 
 
p. 1. Experience will guide you as to how many points to choose. Plot enough points in order to 
show the interesting features, which will produce a complete graph. 
Example 2. 

 
 
 
p. 2. smallest; largest; tick; smallest; largest; tick 
Example 3. y; 22 12y x= − + ; y = ; negative; subtraction; standard; -10; 10; 1; -10; 10; 1; zoom; 
ZStandard; interesting. 
Example 4. Answers will vary depending on what type of graphing utility is used. 
p. 4. (3, 0); (0, 3); intercept; x-intercept; y-intercept. 

Example 5. (a) ( ) ( ) ( ) ( )3 43,0 ; 0,3 ; ,0 ; 0, ; 4.5,0 ; 0, 3.5
2 3

   − − −   
   

(b) ( ) ( )33,0 ; ,0 ; 4.5,0
2

 −  
 

  

(c) ( )40, ; 0, 3.5
3

 − − 
 

  

Example 6. (a) (-2, 0); (0, 1) (b) -2 (c) 1 
Example 7. Answer will vary. 
 
Section 1.2: The Distance and Midpoint Formulas 
Exploration 1. (3, -5); 6, |-3 – 3| = 6; 8, |-3 - 5| = 8; Pythagorean, 10 ; 

( ) ( )2 2
2 1 2 1d x x y y= − + −    

p. 7. ( ) ( )2 2
2 1 2 1d x x y y= − + −  

Example 1. 17  

p. 8. halfway; 1 2 1 2,
2 2

x x y yM + + =  
 
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Example 2. (2, 1) 
 
Section 1.3: Intercepts; Symmetry; Graphing Key Equations 
p. 9. 0; 0; 0, x; 0, y 
Example 1. Intercepts at (0, -2) and (3, 0)  

 
 
 
 
 
 
 
 
 

p. 9. ( , ); ( , ); ( , )x y x y x y− − − −  

Example 2. (a) y = 0, x - intercept is 3±   (b) x = 0, y - intercept is 9
2

−  (c) y by -y, 
2

2
9
2

xy
x

−− =
+

, 

no x – axis symmetry (d) x by -x, 
2

2
9
2

xy
x

−=
+

, y – axis symmetry (e) x by -x and y by -y,
2

2
9
2

xy
x

−− =
+

, no origin symmetry (f)  

 
 
 
 
 
Example 3. Answers will vary  
 
 
 
 
 
 
 
Section 1.4: Solving Equations Using a Graphing Utility 
p. 11. Equal; sides; solutions; roots; 0; { }expression in x ;  x-intercept 
Example 1. { }2.13, 0.20, 2.33− −  
p. 11.
{ } { }expression in  on the left side of the equation ; expression in  on the left side of the equationx x

coordinatex −   
Example 2. { }2  
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Section 1.5: Lines 

p. 12. 2 1

2 1

y ym
x x

−=
−

, 2 1

2 1

rise Change in 
run Change in 

y y y ym
x x x x

− Δ= = = =
− Δ

 

Exploration 1. Larger;  
 
 
 
 
 
Example 1. (a) 2; the order does not matter as long as the difference in x’s is in the denominator 
and the difference in y’s is in the numerator 
 
Example 2. (a) 2 (b) 5

3
−  (c) undefined (d) 0  

Upward from left to right (L1); downward from left to right (L2); 
horizontal (L3); vertical (L4) 
 
 
Example 3. (a)  (b)   
 
 
 
 
 
 
 
 
 
Example 4.  
 (a)       
 
 
 
 
 
 
 
(b)  

 
 
 
 
 
 
 

x y (x, y) 
-4 -2 (-4, -2)
-4 -1 (-4, -1)
-4 0 (-4, 0)
-4 1 (-4, 1)
-4 2 (-4, 2)

x y (x, y) 
-2 2 (-2, 2) 
-1 2 (-1, 2) 
0 2 (0, 2) 
1 2 (1, 2) 
2 2 (2, 2) 
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p. 14. x a= , a is the x – intercept; y b= , b is the y - intercept 

Exploration 2. ( )1
1 1

1

;y ym y y m x x
x x

−= − = −
−

; point, slope 

p. 15. ( )1 1y y m x x− = −  
Example 5. 3 5( 4)y x+ = −   
Example 6. 4y =   

Example 7. (a) 1
3

m = (b) ( ) ( )1 11 2  or 4 7
3 3

y x y x− = + − = −   

Exploration 3. 0( 0) or ; ;y b x y b y− = − = y mx b= + ; a line written in this form identifies both 
the slope and the y – intercept 
p. 16. y mx b= +  

Example 8. 1 5
3 3

y x= +  

Example 9. (a) 1 4
2

y x= − +  (b) slope = 1
2

− , y – intercept = 4  

(c)  
 

 
 
 
 
 
 
 
 

 
Example 10.  
 
 
 
 
 
Example 11. Intercepts are both (0, 0), therefore a couple 
more points are needed in order to graph. Let x = -5 to get 
(-5, 2) or x = 5 to get (5, -2). 
 
  
 
p. 17. Ax By C+ = ; equal; y – intercepts; x – intercepts 

Example 12. same; different; 1 2
9: 3 ; : 3 3
2

L y x L y x= − + = − − ; lines are parallel 

Example 13. (a) slope = -4 (b) y = -4x + 5 
p. 18. right angle or 90°; -1 
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Example 14. -1; negative reciprocals; 1 2
1: 5; : 3 1
3

L y x L y x= − − = − ; lines are perpendicular 

Example 15. (a) slope = 2
5
(b) slope = 5

2
− , ( )53 2

2
y x+ = − − (c) 5 2

2
y x= − +   

 
Section 1.6: Circles 
p. 19. radius; center 
Exploration 1. Label center ( , )h k and radius r. 

( ) ( )

( ) ( )
( ) ( )

2 2
2 1 2 1

2 2

2 22

d x x y y

r x h y k

r x h y k

= − + −

= − + −

= − + −

 

p. 19. radius; center; ( ) ( )2 22r x h y k= − + −   

Example 1. (a) 2 2 2r x y= +  (b) 2 21 x y= +  

p. 20. 2 2 2x y r+ = ; 2 2 1x y+ =  
Example 2. ( ) ( )2 25 2 16x y+ + − = ; answers will vary 
Example 3. (a) (-5, 2) (b) 4  
(c)  
 
 
 
 
 
 
 
 
 
 
Exploration 2. 2 2 2 210 25 4 4 16; 10 4 13 0x x y y x y x y+ + + − + = + + − + =   

p. 21. 2 2 0x y ax by c+ + + + =   
Example 4. (a) ( ) ( )2 21 4 9x y+ + − = (b) (-1, 4) (c) 3 (d)  
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CHAPTER 2 Functions and Their Graphs 
 
Section 2.1: Functions 
p. 22. Correspondence; domain; range; corresponds; depends on; x y→ ; equations, graphs, 
mapping, ordered pairs; exactly one element; the set of all input values; the set of all output 
values; Yes elements in the range can be repeated in a function. The definition of a function only 
states that each element in the domain can only be mapped to exactly one element in the range. 
The range values can be repeated. 
Example 1. (a) Function; domain: {No High School Diploma, High School Diploma, Some 
College, College Graduate}; range: {3.4%, 5.4%, 5.9%, 7.7%} (b) Not a function (c) Function; 
domain: {-2, 2, 3, 4}; range: {-1, -2, 1, 3} (d) Not a function 
Example 2. (a) Function (b) Not a function 
p. 23. the domain of the function; exactly one output (which may be repeated for different 
inputs); independent variable; dependent variable. 
Example 3. (a) name: g; independent variable: x; dependent variable: y  (b) name: f; independent 
variable: x; dependent variable: y (a) name: r; independent variable: n; dependent variable: p  
Example 4. (a) -21 (b) 23 2 21x x− + −  (c) 23 2x x− −  (d) 23 2x x−  (e) 23 16 21x x− − −   
p. 24. implicitly; explicitly 
Example 5. Implicit functions: 3 5x y+ = and 4xy =  

p. 25. 
( ) ( )

, 0
f x h f x

h
h

+ −
≠   

Example 6. (a) -2 (b) 4 2 5x h+ −   
p. 25. real numbers; the denominator is zero; these numbers must be excluded because dividing 
by zero is undefined; negative; these numbers must be excluded because they are undefined. 

Example 7. (a) { | 1, 3}x x x≠ − ≠  (b) ( , )−∞ ∞  (c) 3,
2

 −∞ 
  

Example 8. { | 0 50}w w< <   
p. 26. ( ) ( );f x g x−  numbers that are in the domains of both f and g; ( ) ( );f x g x+  numbers that 
are in the domains of both f and g; ( ) ( );f x g x⋅  numbers that are in the domains of both f and g; 

( ) ;
( )

f x
g x

 numbers x for which ( ) 0g x ≠ and that are in the domains of both f and g 

Example 9. (a) ( )2; ,x− + −∞ ∞  (b) ( )5 10; ,x − −∞ ∞  (c) ( )26 24 24; ,x x− + − −∞ ∞   

(d) { }2 ; | 2
3

x x− ≠ (e) 1 (f) 5− (g) 54−  (h) 2
3

−  

Example 10. (a) { }
2 4 : | 4, 2

( 2)( 4)
x x x x x

x x
− + ≠ − ≠

− +
 (b) { }

2 3 4 : | 4, 2
( 2)( 4)

x x x x x
x x
− + + ≠ − ≠

− +
(c) 

{ }: | 4, 2
( 2)( 4)

x x x x
x x

≠ − ≠
− +

(d) { }4 : | 4, 0, 2
( 2)
x x x x x

x x
+ ≠ − ≠ ≠
−
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Section 2.2: The Graph of a Function 
p. 28. at most one point 
Example 1. (a) Function; : ( , ); : [0, )D R−∞ ∞ ∞  (b) Function; : ( , ); : ( , )D R−∞ ∞ −∞ ∞ (c) Not a 
function; : [0, ); : ( , )D R∞ −∞ ∞ (d) Not a function; [ ] [ ]: 3,3 ; : 3,3D R− −  
p. 28. The vertical line test indicates that every input is assigned only one output. 
p. 29. ( ); 2; 7; (5,8)y f x= −   

Example 2. (a) 
3(0) 4; 0; (3 ) 4
2

f f fπ π = = = − 
 

 (b) { }| 0 4x x π≤ ≤  (c) { }| 4 4y y− ≤ ≤          

(d) ( ) 3 5 70,4 , ,0 , ,0 , ,0 , ,0
2 2 2 2
π π π π       
       
       

  (e) 4  (f) { ,3 }π π                                                   

(g) 3 5 70 , , 4
2 2 2 2

x x xπ π π π π≤ < < < < ≤     

Example 3. (a) Yes (b) 
22,
3

 
 
 

 (c) ( )2,2−  (d) { }| 1x x ≠ −  (e) (0, 0)  (f) (0, 0)  

Example 4. (a) $1020; ≈$1014; (b) { }| 0x x >   
(c)     (e) 600 mph        
    

   
 
 
Section 2.3: Properties of Functions 
p. 32. ( ); ( , );  symmetric; ; ( ); ( , );  originf x x y y f x x y− − − −   
Example 1. (a) Even (b) Neither (c) Odd 
Example 2. (a) Even (b) Neither (c) Odd (d) Even 
p. 33. 1 2 1 2( ) ( ); ( ) ( );equal;f x f x f x f x< > As x gets bigger, the values of the function get smaller; 
As x gets bigger or smaller, the values of the function remain constant. 
Example 3. (a) ( )4,0−  (b) ( ) ( )6, 4 3,6− − ∪  (c) ( )0,3  
p. 35. ( ) ( )f c f x≥ ; ( ) ( )f c f x≤  
Example 4. (a) 1 (b) 2 (c) -1 and 3 (d) 1 and 0  
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Example 5. Local maxima: 2.4; Local Minima: -4.4; Increasing: ( ) ( )2, 0.707 0.707,2− − ∪ ; 

Decreasing: ( )0.707,0.707−  
p. 36. ( ) ( ); ; ( ) ( );f x f u u f x f v v≤ ≥   
Example 6. Absolute maximum: none; Absolute minimum: 0; Absolute maximum: 2; Absolute 
minimum: none; Absolute maximum: none; Absolute minimum: -4; Absolute maximum: none; 
Absolute minimum: 0 
p. 37. Absolute maximum; absolute minimum 
Example 7. No because the fourth graph is not continuous on that interval. 
p. 37. ( ) ( ); ; ;  slopey f b f x a b

x b a
− ≠
−




  

Example 8. (a) 1
2

 (b) 3
2

(c) 5
2

 

Example 9. (a) 2( 4)x− −  (b) -6 (c) 6 7y x= −   
(d)  

 
 
Section 2.4: Library of Functions; Piecewise-defined Functions 
Exploration 1: 
Identity Function: 

 
 
    
  
 
 
 

 
 
 
 
 
 
 
 
 

Properties 
Domain: ( , )−∞ ∞

Range: ( , )−∞ ∞

x-intercept(s): (0, 0)

y-intercept: (0, 0)

Symmetry: Origin 
Interval the function is decreasing: None 
Interval the function is increasing: ( , )−∞ ∞

Local maxima/Minima: None 
Absolute maxima/Minima: None 

x y 
2−   2−   
1−   1−   

0 0 
1 1 
2 2 
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Square Function: 

       
 
 
 
Cube Function: 

              
 
 
Square Root Function: 

 
 

 
 
 
 
 
 
 
 
 

x y 
2−   4 
1−   1 

0 0 
1 1 
2 4 

Properties 
Domain: ( , )−∞ ∞

Range: [0, )∞   
x-intercept(s): (0, 0)

y-intercept: (0, 0)

Symmetry: y – axis  
Interval the function is decreasing: ( , 0)−∞

Interval the function is increasing: (0, )∞

Local maxima/Minima: 0 
Absolute maxima/Minima: 0 

x y 
2−   8−   
1−   1−   

0 0 
1 1 
2 8 

Properties 
Domain: ( , )−∞ ∞

Range: ( , )−∞ ∞

x-intercept(s): (0, 0)

y-intercept: (0, 0)

Symmetry: Origin  
Interval the function is decreasing: Never 
Interval the function is increasing: ( , )−∞ ∞

Local maxima/Minima: None 
Absolute maxima/Minima: None 

x y 
4−   DNE  
1−   DNE  

0 0 
1 1 
4 2 

Properties 
Domain: [0, )∞   
Range: [0, )∞   
x-intercept(s): (0, 0)

y-intercept: (0, 0)

Symmetry: None  
Interval the function is decreasing: Never 
Interval the function is increasing: [0, )∞  
Local maxima/Minima: None 
Absolute maxima/Minima: 0 
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Cube Root Function: 

 
 
 
 
 

 
 
 
 
 
 
Reciprocal Function: 

  

 
 
Absolute Value Function: 

   
 
 
 
 
 
 
Constant Function: Straight line; b 
 
 
 
 

x y 
8−   2−   
1−   1−   

0 0 
1 1 
8 2 

Properties 
Domain: ( , )−∞ ∞

Range: ( , )−∞ ∞

x-intercept(s): (0, 0)

y-intercept: (0, 0)

Symmetry: Origin  
Interval the function is decreasing: Never 
Interval the function is increasing: ( , )−∞ ∞

Local maxima/Minima: None 
Absolute maxima/Minima: None 

x y 

2−   
1
2

−   

1−   1−   
0 0 
1 1 

2 
1
2

 

Properties 
Domain: { | 0}x x ≠

Range: { | 0}y y ≠

x-intercept(s): None

y-intercept: None

Symmetry: Origin  
Interval the function is decreasing: ( , 0) (0, )−∞ ∪ ∞

Interval the function is increasing: None 
Local maxima/Minima: None 
Absolute maxima/Minima: None 

x y 
2−   2  
1−   1  

0 0 
1 1 
2 2 

Properties 
Domain: ( , )−∞ ∞

Range: [0, )∞   
x-intercept(s): (0, 0)

y-intercept: (0, 0)

Symmetry: y – axis   
Interval the function is decreasing: ( , 0)−∞

Interval the function is increasing: (0, )∞

Local maxima/Minima: 0 
Absolute maxima/Minima: 0 



ANSWERS Guided Notes – Precalculus, 8th edition    11 
 

Copyright © 2021 Pearson Education, Inc. 
 

Greatest Integer Function:  

  
The graph suddenly “steps” from one value to another without taking on any of 
the intermediate values; The function is discontinuous because it has gaps and 
holes. 
 
 
 
 
 
 
 
 
 
 
 
 

p. 34. equations; domain 
Example 1. (a) ( 2) 4; (0) 2; (3) 5f f f− = = =  (b) ( ),−∞ ∞   

(c)    (d) ( )0,∞  (e) No 

  
 
 
 
 
 
 
 

x y 
1−   1−  
1
2

−   
1−  

1
4

−  
1−  

0 0 
1
4  

0 

1
2  

0 

3
4  

0 

1 1 
1.5 1 
2 2 

2.7 2 
3 3 

3.2 3 
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Example 2. (a) ( 2) 5; (1) 2; (2) 4f f f− = = =  (b) [ )3,− ∞   (c) ( )1 ,0 , 0,1
2

 
 
 

 

(d) ( )1,− ∞  (e) No 

  

Example 3. (a) $32.41 (b) $59.30 (c) 
7.58 0.08275     if    0 400

( )
15.848 0.06208     if    4

x x
C x

x x
+ ≤ ≤

=  + >
  

 
Section 2.5: Graphing Techniques: Transformations 
Exploration 1.  
(a)             (c) The graph of 2 2y x= + is identical to 2y x= , except it is shifted vertically up  

two units. 

p. 47. vertically up; vertically down 
p. 48. shifted horizontally right; shifted horizontally left 
p. 49. stretched; compressed 
p. 50. compressed; stretched 
Exploration 5. reflection over the x-axis; reflection over the y-axis; reflection over the x-axis; 
reflection over the y- axis. 
p. 51. x; y 
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Example 1.  

 
Example 2. 

 
Example 3. 
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Example 4 

 
 
Section 2.6: Mathematical Models: Building Functions 

Example 1. (a) 4 2( ) 15 64d x x x= − +  (b) 8 (c) 5 2   
(d)   (e) 2.74≈   

  
Example 2. (a) 3( ) 16A x x x=− +  (b) { | 0 4}x x< <   
(c)    (d) 2.31≈ ; This is called an absolute maximum 
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CHAPTER 3 Linear and Quadratic Functions 
 
Section 3.1: Properties of Linear Functions and Linear Models 
p. 57. ( )f x mx b= + ; m; b; the set of all real numbers 
Example 1.  

 
p. 57. ( ) ; yf x mx b m

x
= + =


 

Example 2. (a) Linear; 3 2y x= − −  (b) Not linear 

Exploration 1. (a) iv; ii; i; v; vi; iii (b) 
2( ) 2
3

f x x= − and 
5( ) 2
3

f x x= +  are increasing. They 

both have positive slopes. (c) 
2( ) 2
3

f x x= − −  and 
5( ) 2
3

f x x= − +  are decreasing. They both 

have negative slopes. (d) ( ) 2f x = and ( ) 2f x = − are constant. They both have a slope of zero. (e) 
its slope is positive; its slope is negative; its slope is zero. 
p. 59. ( )f x mx b= + ; the value of f at 0. 
Example 3. (a) ( ) 500 2500V x x= − +  (b) { | 0 5}x x≤ ≤  
(c)      (d) $1500 (e) -$500 per year (f) 4 years 
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Section 3.2: Building Linear Models from Data 
Example 1. 

  
Example 2.  
(a)  

    
(b) As the number of absences increases, the student scores decrease. 
(c) Using the points (0,89.2)  and (2, 81.1) ; 4.05 89.2y x= − +   

  
(d) Exam scores decrease by 4.05 points for every 1 absence. (e) 77.05 
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Example 3. Linear; Linear; Nonlinear; Nonlinear; Nonlinear 
Example 4. (a) 3.32 89.25y x= − +   
(b) 

 
(c) Exam scores decrease by 3.32 points for every 1 absence 
Example 5. (a/d) 

 
(b) 7.04 minutes (c) Above  
 
Section 3.3: Quadratic Functions and Their Properties 

p. 63. 2( ) ; 0;f x ax bx c a= + + ≠ the set of all real numbers; If 0a ≠ the function would be a linear 
function; parabola; up; down; vertex; axis of symmetry; This line is called the axis of symmetry 
because it is the line the parabola is symmetric on. 
 
 

89.2 86.4 83.581.1 78.273.9

y = -3.3234x + 89.251

0
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40
50
60
70
80
90

100

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Sc
or

e 
on
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y = 0.0118x + 5.5045

0
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Example 1.  

   
Example 2. 

 

p. 64. , ; ; 0;  minimum point; 0;  maximum point
2 2 2
b b bf x a a
a a a

  − − = − > <    
  

Example 3. ( )2, 17− − ; Opens up 

Example 4.  ( )1,4 ; Opens down 
p. 65. two; one; no 
Example 5. 

 
 
 



ANSWERS Guided Notes – Precalculus, 8th edition    19 
 

Copyright © 2021 Pearson Education, Inc. 
 

Example 6.  

 
p. 66. 2( ) ( )f x a x h k= − +   

Example 7. 2( ) 3( 2) 5f x x=− + +  

p. 66. lowest; 
2
bf
a

 − 
 

; highest; 
2
bf
a

 − 
 

 

Example 8. Maximum value; 9 
 

Section 3.4: Build Quadratic Models from Verbal Descriptions and from Data 
p. 67. xp 
Example 1. (a) 21( ) 100

6
R x x x= − +  (b) $13,333.33 (c) $300; $15,000 (d) $50 

Example 2. (a) 39.0625 feet (b) 219.53125 feet (c) 170 feet  
(d)                                                      (e) 135.6978 feet 

 
 

 

 
 
 

Example 3. (a) 2( ) 200A w w w=− +  (b) 100 yards (c) 10,000 square yards 
Example 4. 18.75 m 
Example 5. (a)  (b) 46≈  years (c) $33,528.20 (d/e)  
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Section 3.5: Inequalities Involving Quadratic Functions 
Example 1. { | 4 2}x x− < <   
Example 2. { | 7, 4}x x x≤ − ≥   
 
CHAPTER 4 Polynomial and Rational Functions 
 
Section 4.1: Polynomial Functions and Models 
p. 73. 1

1 1 0( ) ...n n
n nf x a x a x a x a−

−= + + + + ; coefficients; integer; variable; leading coefficient; 
degree; descending order according to degree   
Example 1. (a) Polynomial; 2; 23 ; 10x −  (b) Not a polynomial because of a noninteger exponent 
(c) Not a polynomial because of a negative exponent (d) Polynomial; 0; -5 (e) Polynomial; 3; 

3 36 3 ;6 ;0s s s−  

p. 74. ( ) nf x ax=  
Exploration 1. Even Powered Functions: Yes; Yes (0, 0), (1,1), ( 1,1)− ; y – axis; ( ),−∞ ∞ ; [ )0,∞ ; 
As ,x → ±∞ the graph becomes more steep; As 0,x → the graph becomes more flat.  
Odd Powered Functions: Yes; Yes (0, 0), (1,1), ( 1, 1)− − ; origin; ( ),−∞ ∞ ; ( ),−∞ ∞ ; As ,x → ±∞
the graph becomes more steep; As 0,x → the graph becomes more flat.  

Example 2. (a) ( )f x takes 4y x=  and reflects it over the x- axis, vertically stretches by a factor 
of 2 and horizontally shift left 1. 

 
(b) ( )g x takes 5y x=  and vertically compresses it by a factor of 1

2
, horizontally shifts it right 

2 and vertically shifts it up 1.  
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p. 76. cross; touch; above; below; zero-product-; real zero; x-intercept; x – r; ( ) 0f x =   
Example 3. (a) { }3,1−  (b) { }1,2−  

Example 4. 3 2( ) 3 10 24f x x x x= + − −   
p. 77. ( )mx r−   
Example 5. (a) (0, 0), ( 2, 0), (3, 0)−   
(b)      

 
(c) 0 is a zero of multiplicity 3; 3 is a zero of multiplicity 2; -2 is a zero of multiplicity 1 
Example 6. (a) (0, 4), ( 1, 0), (2, 0)−   
(b) Below the x-axis: ( ), 1−∞ − ; above the x-axis: ( ) ( )1,2 2,− ∪ ∞       
(c)  

 
Exploration 2. does not change; touches; changes; crosses 
Exploration 3. 1. (a) 2 (b) The number of turning points is one less than the degree of the 
polynomial 2. (a) 3 (b) The number of turning points is one less than the degree of the 
polynomial 
p. 79. 2; 1; n – 1; n 
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Example 7. 2; 1 
Example 8. (a) The zero of -5 has a multiplicity of 1; The zero of -1 has a multiplicity of 1;  
The zero of 2 has a multiplicity of 2; The zero of 4 has a multiplicity of 1 (b) The end behavior 
of the graph of the polynomial behaves like the power function 

5( ) ; as , ( ) ,as , ( )f x x x f x x f x= →∞ →∞ →−∞ →−∞  

Example 9. 21( ) ( 3)( 1) ( 2)
2

f x x x x= + + −   

Example 10. 2( ) 2 ( 1)f x x x=− −  
 
Section 4.2: Graphing Polynomial Functions; Models 
p. 81. end behavior; x- and y-intercepts; zeros; crosses or touches; turning points 
Example 1.                                  

 

 
 

Example 2. 

 
 

p. 82. end behavior; x- and y-intercepts of the graph; x-intercept; turning points; range; 
increasing; decreasing 

1: Behaves like 4y x=   

2. ( ) ( ) ( ) ( )4,0 , 1,0 , 2,0 , 0, 32− − −   

3. Zero of -4, mult. 2, touches; zero of -1, mult. 1, 
crosses; zero of 2, mult. 1, touches 

4. 3 

5. Near -4: 2( ) 18( 4) ;f x x= +  Near -1: ( ) 27 27;f x x= − −   

Near 2: ( ) 108 324;f x x= −  

1: Behaves like 4y x= −   

2. ( ) ( ) ( )0,0 , 4,0 , 3,0−   

3. Zero of 0, mult. 2, touches; zero of -4, mult. 1, crosses; 
zero of 3, mult. 1, crosses 

4. 3 

5. Near 0: 2( ) 12 ;f x x=  Near -4: ( ) 112 448;f x x= +   

Near 2: ( ) 63 189;f x x= − +  
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Example 3. 

 
Example 4. 

 
(b/c)  

 
(d) 286.6 
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Section 4.3: The Real Zeros of a Polynomial Function 
Exploration 1. (a) Quotient: 2; divisor: 3; remainder: 2 (b) Quotient: 4; divisor: 5; remainder: 2 
p. 84. ( )f c   
Example 1: (a) -1 (b) 5 
p. 84. ( ) 0;  is a factor of ( ); ( ) 0f c x c f x f c= − =   
Example 2. (a) Yes (b) No 
p. 85. ( ); ( )f x f x−   
Example 3. There will be one positive real zero and two negative real zeros 
p. 85. integer; 0; na a   

Example 4. 1 2 41, 2, 3, 4, 6, 12, ; ;
3 3 3

± ± ± ± ± ± ± ± ±   

p. 86. maximum number of real zeros; positive real zeros and negative real zeros; Rational Zeros 
Theorem; depressed equation 

Example 5. 
43, 1,
3

 − − 
 

  

Example 6. 
33, , 1
2

 − − − 
 

 

Example 7. { }1,2−  
p. 87. linear; /or irreducible quadratic; one; third row; synthetic division; positive; zero; third 
row; synthetic; positive (or 0); and negative (or 0) 
Example 8. (a) Every real zero of f lies between -5 and 5. (b) Every real zero of f lies between -5 
and 5. 
p. 88. ; ( ); ( );  and a b f a f b a b< ; Answers will vary 
Example 9. ( 2) 5; ( 1) 1;f f− = − − =  because ( 2) 0f − <  and ( 1) 0f − > , it follows from the 
Intermediate Value Theorem that the polynomial function f has at least one zero between -2 and  
-1. 
p. 89. zero; 10; Intermediate Value Theorem; 3 
Example 10. { 1.32}≈ −   
 
Section 4.4: Complex Zeros; Fundamental Theorem of Algebra 
Exploration 1.  

1. (a) { }2−  (b) { }3 ,3i i−  (c) 
1 3 1 31, ,
2 2 2 2

i i
  − + − − 
  

  

2. The number of zeros is equal to the degree of the polynomial. 
3. If an imaginary number is a zero of a polynomial its conjugate will also be a zero of the 
polynomial. 
p. 91. 1

1 1 0 1 1 0( ) ... ; ... ; ; ( ) 0n n
n n n n nf x a x a x a x a a a a a a f r−

− −= + + + + + + + + =  

p. 92. complex zero; 1 2 1 2( ) ( )( )....( ); , , ,...,n n n nf x a x r x r x r a r r r= − − −   
Example 1. five 
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p. 93. r a bi= − ; real; Because complex zeros occur as conjugate pairs in a polynomial function 
with real coefficients, there will always be an even number of zeros that are not real numbers. 
Consequently, since f is of odd degree, one of its zeros has to be a real number. 
Example 2. { }5 ,1i i− −   

Example 3. 4 3 2( ) 6 2 26 17f x x x x x= + + − +   
p. 93. linear factors; quadratic factors 

Example 4. 212, , 3 ,3 ; ( ) ( 2)(3 1)( 9)
3

i i f x x x x − − = + − + 
 

  

Example 5. 21 , 1 2 , 1 2 ; ( ) (2 1)( 2 5)
2

i i f x x x x − + − − = − + + 
 

 

 
Section 4.5: Properties of Rational Functions 

p. 95.
( );
( )

p x
q x

 zero polynomial; set of all real numbers; 0 

Example 1. (a) { }| 4x x ≠ −  (b) { }| 6, 2x x x≠ − ≠ − (c) ( ),−∞ ∞  (d) ( ),−∞ ∞ (e) { }| 2x x ≠ −  
Example 2.  

             
Example 3.  

 
Exploration 1. 1(a) As , ( ) 3.x f x→ ∞ →  (b) As , ( ) 3.x f x→ −∞ →  (c) Answers vary 
p. 97. ; ; ; ( ) ; ; yesx x y L R x x c→ −∞ → ∞ = → ∞ =   
(d) 3y =  (d) 1x = −  2(a) ) As , ( ) 0.x f x→ ∞ →  (b) As , ( ) 0.x f x→ −∞ →  (c) 0y =  (d) 
Answers vary (e) 1x =  
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(3)  
Function Leading Term 

in the 
Numerator 

Leading Term in 
the Denominator 

Equation of the 
Horizontal 
Asymptote 

Equation(s) of 
the Vertical 
Asymptote(s) 

( ) 3 1
1

xf x
x

+=
+

 3x   x  3y =   1x = −  

( ) 2
2

2 2
xq x
x

+=
−

 x  22 x   0y =   1, 1x x= = −  

( )
2

2
2 3 2

3 2
x xs x

x x
+ −=

+ +
 

22 x   2x   2y =   1x = −  

( )
2

3
3 2 1

1
x xg x
x

− − +=
−

 

23 x−   3x   0y =   1x =  

(4) Answers will vary 
p. 98. x=r; real zero; This means when the function is completely simplified. 
Example 4. 3; 2, 2; 4, 1; 2x x x x x x= − = − = = − = − =   

p. 99. 0; ; ;n

m

ay y y ax b
b

= = = + no horizontal or oblique asymptotes 

Example 5. Answers will vary 
Example 6. 50; 2; ;

2
y y y= = = no horizontal asymptote 

Example 7. 6y x= +  
Example 8. 2 1y x= −   
 
Section 4.6: The Graph of a Rational Function 
p. 101. numerator and denominator; domain of the rational function; lowest terms; intercepts; x-
intercept; vertical asymptotes; opposite; same; horizontal; oblique; intersects 
Example 1.  

 
 

1. { }( 2)( 2)( ) ; : | 4, 1
( 4)( 1)
x xR x D x x x
x x
− += ≠ − ≠
+ −

  

3. ( ) ( ) ( )0,1 , 2,0 , 2,0 ;−  crosses at both zeros 

4. x = -4 and x = 1; opposite infinities at both VA 

5. y = 1; never crosses 

6. Above x-axis: ( ) ( ) ( ), 4 2,1 2, ;−∞ − ∪ − ∪ ∞  below x-

axis: ( ) ( )4, 2 1,2− − ∪  
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Example 2.  
                

 
 

Example 3. 

 
 
Example 4. 

 

1. { }( 3)( 3)( ) ; : | 6, 3
( 3)( 6)
x xR x D x x x
x x

− += ≠ − ≠ −
+ +

 

2. 3( )
6

xR x
x

−=
+

     3. ( )10, , 3,0
2

 − 
 

; crosses 

4. x = -6; opposite infinity  5. y = 1; never crosses 

6. Above x-axis: ( ) ( ), 6 3, ;−∞ − ∪ ∞  below x-axis: 

( ) ( )6, 3 3,3− − ∪ −  

1. { }( 1)( 2)( ) ; : | 0x xR x D x x
x

+ += ≠  

3. ( ) ( )2,0 , 1,0− − ; crosses at both zeros 

4. x = 0; opposite infinity  5. y = x + 3; never crosses 

6. Above x-axis: ( ) ( )2, 1 0, ;− − ∪ ∞  below x-axis: 

( ) ( ), 2 1,0−∞ − ∪ −  

  

1. { }
2 12( ) ; : | 1, 1

( 1)( 1)
x xR x D x x x
x x

− += ≠ − ≠
+ −

 

3. (0, 12)−  

4. x = 1; x = -1 opposite infinity  5. y = 0; never 
crosses 

6. Above x-axis: ( ) ( ), 1 1, ;−∞ − ∪ ∞  below x-axis: 

( )1,1−  
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Example 5.  

 
 

Example 6. 
4( 1)( 9)( )
( 4)( 4)

x xR x
x x

− + −=
+ −

  

Example 7. (a) ; ( ) 0t axis C t− →   
(b) 

 
(c) about 5.4 minutes after the injection 
 
Section 4.7: Polynomial and Rational Inequalities 
Exploration 1. The solution to ( ) 0f x > are the x values that make the function positive. This is 
where the graph is above the x – axis; The solution to ( ) 0f x ≥ are the x values that make the 
function positive or equal to 0. These are the values where the graph is above or on the x – axis; 
The solution to ( ) 0f x < are the x values that make the function negative. This is where the graph 
is below the x – axis; The solution to ( ) 0f x ≤ are the x values that make the function negative or 
equal to 0. These are the values where the graph is below or on the x – axis; 
Example 1. { }| 3,1 4x x x= − ≤ ≤   

Example 2. { }| 8 2x x− ≤ ≤ −  
p. 107. left; ( ) 0; ( ) 0; ( ) 0; ( ) 0f x f x f x f x> ≥ < ≤ ; single quotient; ( ) 0f x = ; undefined; 

( ) 0; ( ) 0f x f x> <  
Example 3. { }| 3,1 4x x x= − ≤ ≤  

Example 4. { }| 8 2x x− ≤ ≤ −  
 
 
 

1. ( ) ( )( ) { }
2

2 4
1 2
( 4

; : | 0,
)

R D x x x
x x

x
x x
− +

≠
−

≠=  

3. (1,0), ( 2, 0)− ; crosses at 1, touches at -2 

4. x = 0; x = 4; opposite infinity at x = 0; same infinity 
at x = 4  

5. y = 1; crosses at about -.2 and 1.7 

6. Above x-axis: ( ) ( ) ( ), 2 2,0 (1,4) 4,−∞ − ∪ − ∪ ∪ ∞  

below x-axis: ( )0,1  
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CHAPTER 5 Exponential and Logarithmic Equations 
 
Section 5.1: Composite Functions 
Exploration 1. (1) ( ) 10g h h=  (2) ( ) 0.8n g g= (3) $160 (4) ( ) 8n h h=   
p. 109. ( )( ) ( )( );f g f g x f g x=   
Example 1. (a) 53 (b) 501 (c) 245 (d) -107 
Example 2. 
 
  
 
 

 

 

Example 3. (a) ( )6 332 16 5; : ,x x D+ + −∞ ∞  (b) ( )6 4 232 144 216 109; : ,x x x D+ + + −∞ ∞   

Example 4. { }| 1, 2x x x≠ ≠   

Example 5. (a) { }1 ; : | 1
1

D x x
x

>
−

  (b) { }; : | 0x D x x ≠  

Example 6.  

( )( ) ( ))

1

12
2

(

2
x

x

x

f g x f g x

f

=

 = 

= ⋅


 

=



                 

( )( ) ( )
( )

)
2

1 2
2

(

x

g f x g f x

g x

x

=

=

= ⋅

=



  

Example 7.  

( ) ( ) ( )
( )

( )

2 1
1

(

2 1
2

)

1

x

x

x

f g x f g x

f

=

+

+

=

−

=

=



             

( )( ) ( )

( )

( )

1 1
2

12 1
2

(

1

)g

x

f x g f x

x

x

g

=



=

− 

⋅ −

= 
 

+



=



 

Example 8. 4( ) ; ( ) 2 3f x x g x x= = +   

Example 9. 21( ) ; ( ) 2 3f x g x x
x

= = −  

x ( )( )f g x   
-2 7 
-1 4 
0 3 
1 4 
3 DNE 
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Section 5.2: One-to-One Functions; Inverse Functions 
p. 113. Two different outputs in the range; ( ) ( )1 2f x f x≠   
Example 1. (a) Not one-to-one because the output of “Pontiac” occurs for two different inputs. 
(b) One-to-one because for each input there is one output and for each output there is one input. 

p. 113. one point; Answers will vary 

Example 2. Not one-to-one; one-to-one 

Exploration 1. (1) 212; 100°C is equivalent to 212°F (2) 44.4;  112°F is equivalent to 44.4 °C 

(c) ( )5 32
9

C F= −   

p. 115. exactly one; domain 

Example 3. Domain: {Saturn, Pontiac, Honda, Chrysler}; Range: {Dan, John, Joe, Michelle} 

Example 4. {(5,1), (8,2), (11,3), (14,4)}; Domain: {5,8,11,14}; Range: {1,2,3,4} 

p. 115. Domain 

p. 116. x; x 

Example 5.  

( )( ) ( )
( )

3

3
3

1 2

2 2

2 2

g

x

g x

x

x

x g− −

− +

= − +

=

=

=     

( )( ) ( )1 3

3

1

3

3 3

 2

2 2

 x

x

x
x

g g x g− − +

−

=

=

+

=

=  

Exploration 2. (1)                 

 

(2) The graphs of 3 3 and its inverse y x y x= = are symmetric with respect to the line y x=  
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(3) 

 

(4) The graphs of 12 3 and ( 3)
2

y x y x= + = − are symmetric with respect to the line y x=  

p. 117. y x=  

Example 6.  

 

p. 117. 1 1 1( ); ( ( ))  and ( ( ))y f x f f x x f f x x− − −= = =   

Example 7. 1 2( )
4

xf x− −=   

Example 8. 1 1( )
2
xf x

x
− +=

−
: Domain and range of f: 

( ) ( ) ( ) ( ), 1 1, ; : , 2 2, ;:D R−∞ − ∪ − ∞ −∞ ∪ ∞  

Domain and range of ( ) ( ) ( ) ( )1 , 2 2, ; : ,: 1 1: ,f D R− −∞ ∪ ∞ −∞ − ∪ − ∞   
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Section 5.3: Exponential Functions 
Example 1. (a) ≈2.639 (b) ≈2.657  (c) ≈2.665 (d) ≈2.665 (e) ≈2.665 

p. 118.   

 
Exploration 1.  

 

 

 

 

 

 

 

 

 

(a) As the value of the independent variable increases by 1, the value of the dependent variable 
doubles. (b) ( ) 10(2)xf x =   

p. 119. ( ) ;xf x Ca= the set of all real numbers; growth; initial value; If a > 1, a it is growth factor. 
If a < 1, it is a decay factor. 

Exploration 2.  

 

 

 

 

 

 

 

p. 119. ; ( )a af x   

# of Days 
you Go to 

Class 
Pay ($) 

0 10
1 20
2 40
3 80
4 160
5 320
6 640
7 1280
8 2560

x ( ) 2xf x =  
-2 1

4
  

-1 1
2

  

0 1 
1 2 
2 4 
3 8 

x ( ) 3 2g x x= +
-2 -4
-1 -1
0 2
1 5
2 8
3 11

In f, for 1-unit changes in the input 
x of an exponential function, the 
ratio of consecutive outputs is 
constant. In g, for 1-unit changes 
in the input x of a linear function, 
the difference of consecutive 
outputs is constant.  
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Example 1. (a) Linear; ( ) 1.5 3f x x= −  (b) Exponential; 1( ) 16
4

x

g x  =  
 

 (c) Linear; 

( ) 4 16h x x= − +  (d) Exponential; 3( ) 3
2

x

j x  =  
 

  

Exploration 3. (1) 

 

(a) ( ) ( ): , ; : 0,D R−∞ ∞ ∞  (b) No. 0xa ≠  (c) No (d) There are no x-intercepts; y-intercept (0,1) 

(e) As x increases, the function’s values are increasing. 3xy=  is increasing faster. (f) y = 0 

p. 122. ( ) ( ), ; 0, ;−∞ ∞ ∞ no; 1; y = 0; x→−∞increasing; one-to-one; ( ) ( )11, , 0,1 , 1,a
a

 − 
 

  

Exploration 3. (2) 

 

(a) These functions decrease because the base is less than 1. (b) ( ) ( ): , ; : 0,D R−∞ ∞ ∞  (c) y = 0 

p. 123. ( ) ( ), ; 0, ;−∞ ∞ ∞ no; 1; y = 0; ;x →∞ decreasing; one-to-one; ( ) ( )11, , 0,1 , 1,a
a

 − 
 

Example 2. ( ) ( ): , ; : 4, ; : 4D R HA y−∞ ∞ − ∞ = −   
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Exploration 4. 

 

 

 

 

 

 

 

Example 3. ( ) ( ): , ; : ,0 ; : 0D R HA y−∞ ∞ −∞ =  

 
p. 125. The variable is in the exponent. 

p. 126. u = v 

Example 4. (a) { }2  (b) { }6−  (c) 
3
2
 
 
 

 (d) 
3
2
 
 
 

 (e) { }2,4 (f) 
11,
3

 − − 
 

(g) 
1
9
 
 
 

(h) { }5,1−  

(e) 7≈  minutes Example 5. (a) 0.63 (b) 0.98 (c) As , ( ) 1t F t→ ∞ →  (d)                            

                           

                                                           

Section 5.4: Logarithmic Functions 

Exploration 1. (a) 3 (b) 2 (c) 8 (d) 4 (e) 16 (f) 1
2

  

p. 128. logay x=  if and only if ; 0yx a x= >   

Example 1. (a) 5log 8t =  (b) log 12 2x =−  (c) log 10e x=  

Example 2. (a) 2 21y =  (b) 6 12z =  (c) 2 10a =   

Example 3. (a) 4 (b) -3 (c) 0 (d) 4 (e) 2 (f) 1
2

 (g) -3 (h) 4 

p. 129. Domain: all Real Numbers greater than 0; Range: all real numbers 

n 1( ) 1
n

f n
n

 = + 
 

 

10 2.5937 
50 2.6916 
100 2.7048 
500 2.7156 
1000 2.7169 
10,000 2.7181 
100,000 2.718268 
1,000,000 2.7182805 
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p. 130. 0 ;x y< < ∞ −∞ < < ∞   

Example 4. (a) ( )2,∞  (b) ( ) ( ), 3 1,−∞ − ∪ ∞  (c) { }| 1x x ≠  (d) { }| 0x x ≠  

p. 130. ( ) ( )0, ; , ;∞ −∞ ∞ 1; no; vertical; 0 1; 1;a a< < >  ( ) ( ) 11,0 , ,1 , , 1a
a

 − 
 

; smooth and 

continuous; corners or gaps 

Example 5. (a)     (b) (1, )∞  (c) ( , ); 1x−∞ ∞ =  (d) 1 3( ) 1
x

f x e− = +  (e) : ( , ); : (1, )D R−∞ ∞ ∞ (f) 

                                                                                                      

Example 6. (a)  (b) ( 2, )− ∞  (c) ( , ); 2x−∞ ∞ = − (d) 1 2( ) 10 2
x

f x
−− = − (e) : ( , ); : ( 2, )D R−∞ ∞ − ∞ (f) 

                                                                                                                   
 

Example 7. (a) 
7
2
 
 
 

 (b) { }7  (c) { }1000 (d) { }2e (e) 
1
24
 
 
 

(f) 
1
5

 − 
 

 

Example 8. (a) { }ln7 (b) 
ln 3
3

 
 
 

 (c) 
ln(9) 1

5
+ 

 
 

 (d) 
log 5

2
 
 
 

 (e) 
ln(4) 1

2
− 

 
 

 

Section 5.5: Properties of Logarithms 
Exploration 1. (a) { }0 (b) { }0 (c) { }0 (d) { }0 (e) { }1 (f) { }1 (g) { }1 (h) { }1  
p. 135. 0; 1 

Exploration 2. (a) x (b) x 

p. 135.  r; M   
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Exploration 3.  

(a)                          (b)                          (c) 

( )log 100 10 log(100) log(10)

log(1000) 2 1
3 3

⋅ = +

= +

=

        

1000
log log(1000) log(100)

100
log(10) 3 2

1 1

= −

= −

=

 
 
 

          

3log10 3log(10)
log(1000) 3(1)

3 3

=

=

=

 

p. 136. log ( ) log ( ) log ( );log log ( ) log ( );log logr
a a a a a a a a

MMN M N M N M r M
N

 = + = − = 
 

  

Example 1. (a) 18 (b) -5 (c) 20 (d) 3 

Example 2. (a) 1 (b) 4
3

−  (c) 15 (d) 5 

Example 3. (a) 3 3log ( 1) 2log ( 2)x x− + +  (b) 5 5 5
12 log 3log log
2

x y z+ −   

Example 4. (a) [ ]2log ( 3)x x −  (b) 
3

6 2log z
y

 
 
 

 (c) 5
( 2)ln
( 3)
x x
x

 −
 + 

  

p. 137. 
loglog log ; ; ;
log

b
a a

b

MM N M N
a

= =  The change of base formula allows us to change the 

base of the logarithm to either base 10 or e so that we can use a calculator to evaluate the 
logarithm. 

Example 5. (a) 2.2619≈  (b) 2.9723≈   

 
 
Section 5.6: Logarithmic and Exponential Equations 
Example 1. (a) { }2  (b) { }1,0−   
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Example 2. (a) { }1 3+  (b) { }1  (c) 
9
11

 − 
 

 (d) 
2

2
3 1

3
e

e
 +
 − 

 

Example 3. (a) { }1 (b) 
ln 7
ln3

 
 
 

 (c) 
ln3 ln5

ln2
− 

 
 

 (d) 3log5 log 2
log 2 2log5

 +
 − 

 

Example 4. { }0.567≈ −  
 
Section 5.7: Financial Models 
p. 142. 1; 12; 2; 365; 4 

Example 1. $1200 

p. 142. At the end of 6 months: $10,600; At the end of 12 months: $11,236; In general, at the end 

of 6 months = 10, 000(1.06)  and at the end of 12 months = 
2

2 .1210, 000(1.06) 10,000 1
2

 = + 
 

 

p. 143. 1
ntrA P

n
 = + 
 

  

Example 2. (a) $1100 (b) $1103.81 (c) $1104.71 (d) $1105.16 (e) As n increases, A increases 

Example 3. (a) $2 (b) $2.44 (c) $2.61 (d) $2.71 (e) As n increases, A increases. Also, as

, 1 2.71
nrn e

n
 → ∞ + → ≈ 
 

  

p. 144. , 1 2.71;
n

rtrn e A Pe
n

 → ∞ + → ≈ = 
 

 

Example 4. $2166.57 

Example 5. $1042.82; 4.19% 

p. 144. 1 1; 1
n

rr e
n

 + − − 
 

  

Example 6. 5.09% 

Example 7. Bank B 

p. 145. 1 ;
nt

rtrA Ae
n

−
− ⋅ + 

 
  

Example 8. $88.72 

Example 9. (a) 8.69≈  years (b) 8.66≈ years 

Example 10. 11.7%≈  
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Section 5.8: Exponential Growth and Decay Models; Newton’s Law; Logistic Growth and 
Decay Models 
p. 147. 0 ;ktN e  the initial number of cells; positive 

Example 1. (a) 100 grams (b) 4.5% (c) 125.2 grams (d) ≈7.5 days (e) ≈15.4 days 

Example 2. (a) 278,576≈ bacteria (b) 28.2≈ hours 

p. 148. 0 ;ktAe  the original amount of radioactive material; negative 

Example 3. (a) 8.7% decay (b) ≈129.453 grams (c) ≈7.97 days 

Example 4. ≈33,000 years 

p. 149. ( )0 ;ktT u T e+ − constant temperature; initial temperature; negative 

Example 5. (a)  ≈12 minutes 

(b)    (d) ≈36 minutes (e) As , ( ) 30t u t→ ∞ →   

 

 p. 150. ( ) ( ) 1; 0; 0; , ; 0, ; (0); 0, ; 0; 0;
1 2bt

c b b c P y y c b b
ae− > < −∞ ∞ = = > <

+
  

Example 6. (a) -0.0581 (b) 95 (c) 59.6 years (d) If you evaluate the function at t = 0 you should 
get around 100% of the wood remaining which is close to the number in the numerator. 
 
Section 5.9: Building Exponential, Logarithmic, and Logistic Models from Data 

Example 1. (a)  (b) 0.394503(1.40276)xy =  (c) 0.33844( ) 0.394503 tA t e=  (e) ≈63.21 

            
0

10

20

30

40

50

0 5 10 15
0

10
20
30
40
50

0 5 10 15
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Example 2. (a)  (b) 
14 0.0160338024

799475916.5
1 1563441 10 xy

e−=
+ ×

 (d) 799,475,916.5 (e) 292,251,183  

 
(f) about 2007 
 
CHAPTER 6: Trigonometric Functions 
 
Section 6.1: Angles, Arc Length, and Circular Motion 
p. 153. ray; vertex; angle; initial; terminal; counterclockwise; clockwise 
 Alpha; Beta; Gamma 
 standard position 
 quadrantal 
Exploration 1. counterclockwise; 90 1or 

360 4
; 90; 180 1or 

360 2
; 180 

Example 1. (a)  (b)  
   
 
 
 
 
p. 154. 1ʹ; 1ʹʹ 
Example 2. (a) 45.1708° (b) 34.2575° (c) 12°52ʹ12ʹʹ (d) 1°31ʹ48ʹʹ   
p. 155. s

r
; rθ  

Example 3. 2 meters 
Example 4. 2.5  
Exploration 2. 2πr; 2π; 360°; 2π; 360°; 180°; π; 1800.017;  57.3

180
π

π
≈ ≈   

Example 5. (a) 4 1.40
9
π ≈  (b) 7 2.44

9
π ≈  (c) 0.52

6
π− ≈ −  (d) 5 1.75

9
π ≈  

Example 6. (a) -108° (b) 60° (c) 480° (d) 360 114.59
π

° °   

Example 7. ≈143.24° 
 
 
 
 

0
50,000,000

100,000,000
150,000,000
200,000,000
250,000,000
300,000,000

0 5 10 15
0

100,000,000

200,000,000

300,000,000

400,000,000

0 5 10 15
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Example 8.  
θ  

(degrees) 0   3 0  4 5  6 0  9 0  180  2 7 0   3 6 0   

θ  (radians) 0 
6
π  

4
π  

3
π  

2
π  π  3

2
π  2π  

θ  (approx. 
radians) 

0 0.52 0.79 1.05 1.57 3.14 4.71 6.28 

Example 9.  
 
 
 
 
 
 
 
 
 
 
 
 
Exploration 3. 360°; 21

2
r θ   

Example 10. 8.73 ft2 

Exploration 4. rate; time; s
t

; s
t

; 
t
θ ; s

t
; 

t
θ  

Example 11. v rω= ; 794.168 mph 
 
Section 6.2: Trigonometric Approach: Unit Circle Approach 
Exploration 1. (-1, 0); (0, -1); (0, 1); (1, 0); (1, 0); (0, -1) 
 y; x; 
 0; -1; 0; 1 
 -1; 0; 0; 1 
 1; 0; -1; 0 
p. 160. 1 1; ; ;y x

x y x y
  

Example 1. 
2 6 1 5 6 6sin ;cos ; tan 2 6;csc ;sec 5;cot

5 5 12 12
t t t t t t= = − = − = = − = −  
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Example 2. 

 
 

Exploration 2. 45
4
π = ° ; 1; 2 ; 

2 2sin sin45 ;cos cos45
4 2 4 2
π π= ° = = ° = ; 

tan tan 45 1;cot cot 45 1
4 4
π π= ° = = ° = ; sec sec 45 2;csc csc 45 2

4 4
π π= ° = = ° =  

 
Exploration 3. 1; 3 ; 1 1sin sin 30 ;cos cos 60

6 2 3 2
π π= ° = = ° = ; 

3 3cos cos30 ;sin sin60
6 2 3 2
π π= ° = = ° = ; 

3 3tan tan30 ;cot cot 60
6 3 3 3
π π= ° = = ° = ; 

csc csc 30 2;sec sec 60 2
6 3
π π= ° = = ° = ; 

2 3 3sec sec30 ;csc csc60
6 3 3 3
π π= ° = = ° = ; 

cot cot 30 3; tan tan 60 3
6 3
π π= ° = = ° =  

p. 163. 
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Exploration 4. 

  

 

Example 3. 
2 10; 1; 1; ; 2

2 2
− − + −  

Example 4. 0.97; 0.27; -1.19  
p. 165. 

 
Example 5. 4 3 4 5 5 3sin ; cos ; tan ; csc ;sec ; cot

5 5 3 4 3 4
θ θ θ θ θ θ= − = = − = − = = −  

 
Section 6.3: Properties of the Trigonometric Functions 
Exploration 1. For the sine function, there is no concern about dividing by 0, so the domain can 
be any angle. Since the unit circle contains values no greater than 1 and no less than -1, the range 
of the sine function is [-1, 1] 
 
 θ; x; all real numbers; [-1, 1] 
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For the tangent function, the range consist of y
x

 where both numerator and denominator are [-1, 

1]. Therefore, the output gets infinitely large or small and the range is all real numbers. 
  

 θ; 
x
y

; all real numbers, except integer multiples of π or 180°; all real numbers 

For the cosecant function, the range consist of 
1
y

 where the denominator is [-1, 1]. Therefore, 

the output is all real numbers less than or equal to -1 or greater than or equal to 1. 
 θ; 1

x
; all real numbers, except odd integer multiples of 

2
π  or 90°; all real 

numbers less than or equal to -1 or greater than or equal to 1. 
 
Exploration 2. A full rotation around a circle is 360°, so 420° represents one full rotation plus 
60°. Therefore 420° and 60° represent the same location on a circle, and therefore produce the 
same cosine. 
p. 167. 2π; sinθ ; 2π; cosθ  
 ( )f θ ; 2π, 2π; π; 2π, 2π; π 

Example 1. (a) 1
2

 (b) -1  

Exploration 3.    
 
 
 
 
 
 
 
 
 
 
 

Example 2. Quadrant II 

Example 3. 
1 10tan ;csc 10;sec ;cot 3
3 3

θ θ θ θ= = = =   

Exploration 4. cos ; sinθ θ ; Pythagorean Identity; Divide both sides by 2sin θ ; Divide both 
sides by 2cos θ   
Example 4. (a) 1 (b) 0 

Example 5. Quadrant III; 
5 2 5 3 3 5 5cos ; tan ;csc ;sec ;cot

3 5 2 5 2
θ θ θ θ θ= − = = − = − =  

Exploration 5. ( ) ( ); ( ) ( )f x f x f x f x= − − = − ; sine functions are odd because sin( ) yθ =  and 
sin( ) yθ− = − ; cosine functions are even because cos( ) xθ =  and cos( ) xθ− =  
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Example 6. (a) 1

2
 (b) 1

2
−  (c) -1 

 
Section 6.4: Graphs of the Sine and Cosine Functions 
Exploration 1.  
 

 

 

 

 

 

 

p. 172. the set of all real numbers; all real numbers from -1 to 1, inclusive; odd function; the 
origin; 2π; …, -2π, -π, 0, π, 2π, 3π,…; 0; 1; 3 5 9..., , , , , ...

2 2 2 2
π π π π− ; -1; 3 7 11..., , , , , ...

2 2 2 2
π π π π−  

Example 1. (a) siny x=  (b) reflect about the x – 

axis; horizontal compression by a factor of 1
2

; 

shifted left 
4
π units 

Exploration 2.  

 

 

 
 
 
 
 
 
 
p. 174. the set of all real numbers; all real numbers from -1 to 1, inclusive; even function; the y - 
axis; 2π; 3 3 5..., , , , , , ...

2 2 2 2 2
π π π π π− − , 1; 1; …, -2π, 0, π, 2π, 4π, 6π,…; -1; …, -π, π, 3π, 5π,… 
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Example 2. (a) cosy x=  (b) horizontal compression 

by a factor of 1
2

; shifted down 3 units 

Exploration3. 

 
The graph is the same as the sine function; sin( )x  
 

Exploration 4. [-1, 1]; [-2, 2]; 
1 1,
2 2

 −  
; - A ; A ; - A ; A ; The absolute value makes the 

amplitude positive, which is appropriate for a height; 22 ; ;8
3
ππ π ; 2π

ω
; the change represents a 

horizontal compression or stretch by a factor of 1
ω

. 

p. 175. 20; ; ;A T πω
ω

>   

Example 3. (a) 24,
3
π  (b) 1 ;2

2
  

Example 4. ( ) ( )3 3 34; ; 0, , , , , , , ; 0,0 , ,4 , ,0 , ,4 , ,0
4 4 2 2 4 4 4 2 4
π π π π π π π π ππ π π             

                         
;  
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Example 5. [ ] [ ] [ ] [ ] ( ) ( ) ( ) ( ) ( )5;4; 0,1 , 1,2 , 2,3 , 3,4 ; 0, 5 , 1,0 , 2,5 , 3,0 , 4, 5− − ;  

 
p. 177. 

 

Example 6. 3cos
4

y xπ = −  
 

  

 
Section 6.5: Graphs of the Tangent, Cotangent, Cosecant, and Secant Functions 

Exploration 1. π; repeats; vertical asymptote 
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p. 178. the set of all real numbers, except odd multiples of 
2
π ; the set of all real numbers; odd 

function; the origin; π; ; …, -2π, -π, 0, π, 2π, 3π,…; 0; 3 3..., , , , , ...
2 2 2 2
π π π π− −  

Example 1. (a) tany x=  (b) shifted left 1
4

unit; shifted down 1 unit 

 
Exploration 2. π; repeats 

 
 
 
 

Exploration 3. 
1 1csc ;sec ; ,2

sin cos 6
x x

x x
π = =  
 

; vertical asymptote; , 2 ;
3
π 
 
 

vertical 

asymptote 
Example 2.  
 
 
 
 
 
 
 
 
 
 
 


