Summer Work — AP Calculus AB — Mr. Killheffer
Hello Everyone,

| am excited to have you in class this coming school year! | love math and working with students to help them
understand and enjoy working with math.

This is the summer work for AP Calculus AB. They are practice problems for concepts that | hope you recall
from Algebra | and Il. These are concepts you need for Calculus.

My expectation for the year is that if you do not know how to do a problem, you do your best to find out how
to doit. You have several resources available to you online including khanacademy.org and google.com. If
you get stuck, check out an online source.

When school starts, | will spend the first two classes answering any questions you have on the summer work.
On the third day of class | will give a test on the summer work that covers the same types of problems to see
where you stand.

Good luck and | look forward to working with you!

Mr. Killheffer

NOTE: | am assigning odd-numbered problems as usual. Feel free to refer to Calcchat.com to check your work
and for assistance if you need it, but don’t forget, “Your goal is not to get it done.... It’s to get it.”

This is what it looks like on the calcchat.com opening page when you scroll down and select Precalculus, 9e
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Do 7-71 odd

106 Chapter 1

Functions and Their Graphs

Review EXxercises

see CalcChat.com for tetorial help and worked-out solutions 10 odd-numbered exercises.

Plotting Points in the Cartesian Plane In
Exercises 1 and 2, plot the points in the Cartesian plane,

L (5.5),(=2,0,(=3,6),{—1,-7)
2. (0,6),(8,1).(5, —4),(—3, —3)

Determining Quadrant(s) for a Point In Exercises
3 and 4, determine the quadrant(s) in which (x,y) is
located so that the condition(s) is (are) satisfied.

Jrx=0andy = =2 4 vy =4

5. Plotting, Distance, and Midpoint Plot the
points (=26} and (4, —3). Then find the
distance between the points and the midpoint of the line
scgment joining the points,

6. Sales Barnes & Noble had annual sales of $3.1 billion
in 2008 and S7.0 billion in 2010. Use the Midpaoint
Formula to estimate the sales in 2009. Assume that the
annual sales followed a linear pattern. (Source:
Bames & Noble, Inc.)

Sketching the Graph of an Equation In
Exercises 7-10, construct a table of values. Use
the resulting solution points to sketch the graph of the
equation.
T.y=3x—35 ) 2
9, y = x* = 3x 10, y = 2 = x = 9
Finding x- and y-Intercepts In Exercises 11-14,
find the x- and y-intercepts of the graph of the equation,
1L y=2x+7 12. y=|x+ 1| -3
1. y=(x—3F°-4 4 y=xy4—x°
Intercepts, Symmetry, and Graphing In

Exercises 15-22, identify any intercepts and test for
svimetry. Then sketch the graph of the equation.

15, vy = —dx + 1| 6. vy =5¢ — 6
17, y =5 — »* 18, vy = x> — 10
19. y = x' + 3 20. v 6~ 1
2L y=Jx+5 2. y=|x| +9

Sketching the Graph of a Circle In Exercises
23-26, find the center and radius of the circle. Then
sketch the graph of the circle,

23 2+ yi=

25. (x + 2P+ y2 =16

M. 2+ yi=4
26. x* + (v — 8 =8I
27. Writing the Equation of a Circle Write the

standard form of the equation of the circle for which the
endpoints of a diameter are {0, 0} and {4, —6}.

28. Physics The force F (in pounds) required to stretch
a spring x inches from its natural length (see figure) is

x 0
Force, F

(b) Skeich a graph of the maodel
(¢) Use the graph o estimate the force necessary 1o
stretch the spring 10 inches.

m Graphing a Linear Equation In Exercises
29-32, find the slope and y-intercept (if possible) of the
equation of the line. Sketch the line.
29, y=3x+ 13 0. y=—10x+9
3Ly=6 32. x=-3
Finding the Slope of a Line Through Two Points

In Exercises 33 and 34, plot the points and find the slope
of the line passing through the pair of points.

33. (6,4),(—3, —4) 34, (—3,2),18,2)
Finding an Equation of a Line In Exercises 35 and

36, find an equation of the line that passes through the
given point and has the indicated slope m. Sketch the line.

35.000,-3), m=-%  36.(-853), m=0
Finding an Equation of a Line In Exercises 37 and
38, find an equation of the line passing through the points.
37. (= 1.0),(6,2) 38, (11, =2), (6, ~1)
Finding Parallel and Perpendicular Lines In
Exercises 39 and 40, write the slope-intercept form of the

equations of the lines through the given point (a) parallel
to and (b) perpendicular to the given line.

39. Sx~ 4y =8, (3, -2) 40. 2x+ 3y =5, (~8,3)



41. Sales A discount outlet is offering a 20% discount
on all items, Write a lincar equation giving the sale
price S for an item with a list price L.

42, Hourly Wage A microchip manufacturer pays its
assembly line workers $12.25 per hour. In addition,
workers receive a piccework rate of $0.75 per unit
produced. Write a linear equation for the hourly wage W
in terms of the number of units x produced per hour.

KX} Testing for Functions Represented
Algebraically In Exercises 43-46, determine whether
the equation represents v as a function of x.

43, 16x — y' =0 4. 2 —v-3=0

4. v = J1—x 46. [y =x+2
Evaluating a Function In Exercises 47 and 48, evaluate

the function at each specified value of the independent
variable and simplify.

47, flx) = 22+ 1
(a) f12) (b f(=4) (o) () (dy flr = 1)
PR P2 3 o S |

(a) (=2} (b) k(—=1) () AD) (d) R(2)

Finding the Domain of a Function In Exercises 49
and 50, find the domain of the function. Verify your result
with a graph.

/25 — x?

49, flx) = o 50. h(x) = —

rv-x—06
Physics In Exercises 51 and 52, the velocity of a ball
projected upward from ground level is given by
v(t) = =32 + 48, where ¢ is the time in seconds and v is
the velocity in feet per second.

51, Find the velocity when r = 1.

52. Find the time when the ball reaches its maximum
height. [Hinz: Find the time when v{z) = 0.]

_f Evaluating a Difference Quotient In Exercises 53
and 54, find the difference quotient and simplity vour
answer.

53 f(x) =2+ 3x 1, "—(‘J;’;‘:——j—(‘ﬂ, h#0

54, flx) = P -5+, f(;t + l;} _f(-‘). h#0

Vertical Line Test for Functions In Exercises 55
and 56, use the Vertical Line Test to determine whether y
is a function of x. To print an enlarged copy of the graph,
go to MathGraphs.com.

55. y = (x — 3p 56. x= — |4 — y|
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Figure for 56

Figure for 55

Finding the Zeros of a Function In FExercises
57-60, find the zeros of the function algebraically.

57, flx) = 3 — 16x + 21 88, fix) = Sx? + 4x — |

& +3

8. flx) = 1 - x

o, flx) = — 22

. Describing Function Behavior In Exercises 61 and

62, use a graphing utility to graph the function and
visually determine the intervals on which the function is
increasing, decreasing, or constant.

61. flx) = |x| + |x + 1] 62. f(x) = (x* — 4)°

o Approximating Relative Minima or Maxima In

Exercises 63 and 64, use a graphing utility to graph the
function and approximate (to two decimal places) any
relative minima or maxima.

63 flx) = -+ 2x + | 64 flx) =" — 4" — 1

¥ Average Rate of Change of a Function In

Exercises 65 and 66, find the average rate of change of
the function from x, to x,.

65. flx) = —x*+ 8 —4, x,=0x,=4

66. ) =2— Jx+ 1, x,=3,x=7

Even, Odd, or Neither? In Exercises 67— 68, determine
whether the function is even, odd, or neither. Then
describe the symmetry.

67. f(x) = x% = 2002 68, f(x) = 2x/x* + 3

m Writing a Linear Function In Exercises 69 and
70, (a) write the linear function f such that it has the
indicated function values, and (b) sketch the graph of the
function.

69. ((2) = —=6, fl{~1)1=3

70. f10) = —5. f(4) = —8§

Graphing a Function In Exercises 71-74, sketch the

graph of the function,
7L flx) =3 -4
|
x+5
[5.1 -3, x=-1
[—4x+5, < —1

72 i) = Jx + 1
73. glx) =

74. flx) =



Do 1-37 odd, 47-63 odd

192 Chapter 2

Review Exercises

Polynomial and Rational Functions

see CalcChat.com for tetorial help and worked-out solutions 10 odd-numbered exercises.

Sketching Graphs of Quadratic Functions o Using the Intermediate Value Theorem In
In Exercises 1 and 2, sketch the graph of each quadratic f Exercises 21 and 22, (a) use the Intermediate Value

function and compare it with the graph of y = x?,

2. (a) hix) = (x — 3)°
(b) klx) = {,\'3 - ]

L (a) glx) = —2%2
(b) ifx) =x*+2

Using Standard Form to Graph a Parabola In
Exercises 3-8, write the quadratic function in standard
form and sketch its graph. Identify the vertex, axis of
symmetry, and x-intercept(s).
4 )= =8+ 10
6. /1) 2+ 440
8. flv) =1 + 52— 4)

3oelx) =a— 2
S, hix) = 3 4 4y~ x*
Lh(x) = 4x + 4x + 13

7
9. Geometry The perimeter of a rectangle is

1000 meters.

{a) Write the width v as a function of the length x. Use
the result to write the area A as a function of x.

{b) Of all possible rectangles with perimeters of 1000
meters, find the dimensions of the one with the
maximum ared.

10. Minimum Cost A soft-drink manufacturer has
daily production costs of C = 70,000 — 120x + 0.055x7,
where s the total cost (in dollars) and x is the number
of units produced. How many units should the
manufacturer produce cach day to yield 2 minimum cost”?

Sketching a Transformation of a Monomial
Function In Exercises 11 and 12, sketch the graphs of
¥ = x" and the transformation.

Ioy=x% flx)=6—x* 12 y=2x% flx) =3¢ + 3

Applying the Leading Coefficient Test In
Exercises 13-16, describe the right-hand and left-hand
behavior of the graph of the polynomial function.
13, f(x) = ~2% — Sx + 12 14, flx) = 167 + 2
15. glx) = 30c* + 3 + 2) 16, hix) = —x7 + & — 8¢

Sketching the Graph of a Polynomial Function
In Exercises 17-20, sketch the graph of the function by
(a) applying the Leading Coefficient Test, (b) finding
the real zeros of the polynomial, (c) plotting sufficient
solution points, and (d) drawing a continuous curve
through the points.

17, glx) = 2x* + 47

18, hlx) = 3x? — x*!

19. flx) = = + 2 =2

20, f{x) = xl + 2 = Sk + 3)

Theorem and the fable feature of a graphing utility to find
intervals one unit in length in which the polynomial
function is guaranteed to have a zero, (b) Adjust the table
to approximate the zeros of the function, Use the zero or
root feature of the graphing utility to verify your results.

2L flx) = 3x' ="+ 3 22, flx)=x"—5¢—1

Long Division of Polynomials In Exercises 23
and 24, use long division to divide,

n, 3002 = 3x + 8 2. Sat = 21at ~ 25y~ 4
5x-3

Using the Factor Theorem In Exercises 25 and 26,
use synthetic division to determine whether the given
values of x are zeros of the function,
25, flx) = 200" + 9 — 1407 — 3x

@x=-1 )x=1 (@x=0 @dxr=1
26. f(x) = 37 — 8?2 — 200 + 16

(a) x = 4 (b) x 4 (¢) x 3 W) x |

Factoring a Polynomial In Exercises 27 and 28,
(a) verify the given factor(s) of f(x), (b) find the remaining
factors of f(x), (c) use your results to write the complete
factorization of f(x), (d) list all real zeros of f, and
(e) confirm your results by using a graphing utility to
graph the function.
Function

27, flx) = 2% + 11" — 21x — 90
28, flx) =" — 47 — T2 + 220 + 24

Factor(s)
(x + 6)
(x+2),(x—3)

Writing a Complex Number in Standard Form
In Exercises 29 and 30, write the complex number in
standard form.

29. 8 + /100 30. —5i+ i

Performing Operations with Complex Numbers
In Exercises 31-34, perform the operation and write the
result in standard form.

3. (7 + 50+ (=4 +20)

32 (V2-V2i) - (V2 + V2i)

33, Til1 — 9i) M. (1 + &S — 24)
Performing Operations with Complex Numbers

In Exercises 35 and 36, perform the operation and write
the result in standard form.

~

6+
. 36. +
41 2-3i 1+




Complex Solutions of a Quadratic Equation 1In
Exercises 37 and 38, use the Quadratic Formula to solve
the quadratic equation.

-+ 10=0 38 62+ 3 +27=10

Zeros of Polynomial Functions In Exercises 39
and 40, determine the number of zeros of the polynomial
function.

39 9= —2x—8 0. hn=r—-7

Finding the Zeros of a Polynomial Function In
Exercises 41 and 42, find all the zeros of the function.

41, f(x) = &+ 37— 285 — 60

42, f(x) = dxt = 17 + 142 — 6

Finding the Zeros of a Polynomial Function In

Exercises 43 and 44, write the polynomial as the product

of linear factors and list all the zeros of the function.

43, glo) = ' — T+ 36

44, flx) = x* + & + 8% — T2x — 153

45. Using Descartes’s Rule of Signs Use
Descartes’s Rule of Signs to determine the possible

numbers of positive and negative real zeros of
hx) = =2% + 4o’ = 2t + 5.
46. Verifying Upper and Lower Bounds Use

synthetic division to verify the upper and lower bounds
of the real zeros of f{x) = 4 — 3¢* + 4x — 3.

(@) Upper: x =1 (b) Lower: x = —5
EX] Finding Domain and Asymptotes In Exercises
47 and 48, find the domain and the vertical and horizontal
asymptotes of the graph of the rational function.

3
x+ 10

. 8
B =T 0t 24

47, f(x) =

Sketching the Graph of a Rational Function In
Exercises 49-56, (a) state the domain of the function,
(b) identify all intercepts, (c) find any asymptotes, and
(d) plot additional solution points as needed to sketch the

graph of the rational function,
49, fa = 50. hix) ="
x x—17
SL A0 = 52, flx) = x;_’ P
§3. f(x) = ‘“J%i‘t” S4. f(y = %
55 f(x) = lef | 56. f(x) = ’:—fl'
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57. Seizure of lllegal Drugs The cost C (in millions
of dollars) for the federal government o seize p% of an
illegal drug as it enters the country is given by

528p

. 0= p< 100
100 — p P

. (a) Use a graphing utility to graph the cost function.
(b) Find the costs of seizing 25%, 50V, and 75% of the
drug.

(¢} According to the model, would it be possible to
seize 1004 of the drug?

’- 58. Page Design A page that is x inches wide and

vinches high contains 30 square inches of print. The top

and bottom margins are each 2 inches deep, and the

margins on each side are 2 inches wide,

(2) Write a function for the total area A of the page in
terms of x.

(b) Determine the domain of the function based on the
physical constraints of the problem.

(¢) Use a graphing utility to graph the area function and
approximate the page size for which the least
amount of paper is used.

Solving an Inequality In Exercises 59-62,

solve the inequality. Then graph the solution set.

59, 12 + 5x <2

60, x' — 16x = 0

2 3

. =
r+ 1 x—1

- 9+ 20

x h

61

62. (0

63. Population of a Species A biologist introduces
200 ladybugs into a crop field. The population P of
the ladybugs can be approximated by the model

_ 1001 + 31)

P S+t

where ¢ is the time in days. Find the time required for
the population to increase to at least 2000 ladybugs.

Exploration

64. Writing Describe what is meant hy an asymptote of
a graph,
True or False? In Exercises 65 and 66, determine

whether the statement is true or false. Justify your
answer.

65. A fourth-degree polynomial with real coefficients can
have —35, —8i, 44, and 5 as its zeros,

66. The domain of a rational function can never be the set
of all real numbers.



Do 1-91 odd

252 Chapter 3

Review EXxercises

Exponential and Logarithmic Functions

see CalcChat.com for tetorial help and worked-out solutions 10 odd-numbered exercises

Evaluating an Exponential Function In
Exercises 1-6, evaluate the function at the indicated
value of x, Round your result to three decimal places.,
L. fix)=03". x=15 2, flx) =30, x= 3
fix)=29%" x=7x 4. flx) = 12789, x =1
5. flx) = 70029, x= 11
6. fix) = —14{5%), x=—-08

Transforming the Graph of an Exponential
Function TIn Exercises 7-10, use the graph of f to
describe the transformation that vields the graph of g.

7. flx) = 5% glx)=5"+1

8 flx) =6 glx)=6""

9 flx) =3, zix)=1-3
10 f(x) = (3), gla) = =(2)"*
iGraphing an Exponential Function In Exercises
11-16, use a graphing utility to construct a table of values
for the function. Then sketch the graph of the function.
11, fix) =4 "+ 4 12, flx) = 2.65* "

13, flx) =57 + 4 14. f{x) =256 - §

15 i =() " +3 16. flx) = (3" —5
Using the One-to-One Property In Exercises 17-20,
use the One-to-One Property to solve the equation for x.
17. ) 7 =9 18, ¥ =2

T
19, 75 = 7 20, ¢* 2 m ?

Evaluating the Natural Exponential Function In
Exercises 21-24, evaluate f(x) = ¢* at the indicated
value of x. Round your result to three decimal places.

2. x =8 .
23, x = —-1.7 24, x = 0.278

g Graphing a Natural Exponential Function In
Exercises 25-28, vse a graphing utility to construct a
table of values for the function. Then sketch the graph of
the function,

- '

25, htx) = e™2 26. Mx) =2 — g™ ¥2
27, fix) = e**? 28, s(r) =4de” 2 =0

29, Waiting Times The average time between incoming
calls at a switchboard is 3 minutes. The probability F of
waiting less than 7 minutes until the next incoming call
is approximated by the model Fl7) = 1 — ¢ % The
switchboard has just received a call. Find the probability
that the next call will be within

(a) é minute. (b) 2 minutes. (c) 5 minutes.

30. Depreciation
originally cost $23,970 is given by W(r)

After ¢ years, the value Vof a car that

23,970(3)".

(a) Use a graphing utility to graph the function.

(b) Find the value of the car 2 years after it was
purchased.

(c) According to the model, when does the car
depreciate most rapidly? Is this realistic? Explain.

(d) According to the model, when will the car have no
value?

Compound Interest In Exercises 31 and 32, complete
the table to determine the balance A for P dollars invested
at rate r for t years and compounded n times per vear.

1124/ 12| 365 Continuous

A

31. P = 85000, r = 3%, t = 10 years
32. P = $4500, r = 2.5%, t

30 years

EX] Writing a Logarithmic Equation  In Exercises
33-36, write the exponential equation in logarithmic
form. For example, the logarithmic form of 23 = § is
log, 8 = 3.
33.3'=27
35, M =122255. ..

34, 25V =125
36. & =1
Evaluating a Logarithmic Function In Exercises

37-40, evaluate the function at the indicated value of x
without using a calculator,

37, f(x) = log x, x = 1000
39. glx) = logyx.x =13 40. f(x) = logyx, x = =+

38, glx) = log,x,x =3

Using the One-to-One Property In Exercises
41-44, use the One-to-One Property to solve the
equation for x.

41, log(x + 7) = log, 14
43, Infx +9) = In4

42, log,(3x — 10) = log, 5
44, In(2x — 1) =1In 1]

Sketching the Graph of a Logarithmic Function
In Exercises 45-48, find the domain, x-intercept, and
vertical asymptote of the logarithmic function and
sketch its graph.

45, glx) = log, x

. £3
46. flx) = Iogt3 )
47. flx) = 4 — logix + 3)
48. o) = logly — 3) + 1



Evaluating a Logarithmic Function on a
Calculator In Exercises 49-52, use a calculator to
evaluate the function at the indicated value of x. Round
your result to three decimal places, if necessary.

49, flx) =Inx, x=226 50 flx)=Inx, x=¢"
SLf =2y, x=Je

52, flx) = Slnx, x= 098

Graphing a Natural Logarithmic Function 1In
Exercises 53-56, find the domain, x-intercept, and vertical
asymptote of the logarithmic function and sketch its graph.
53 fix) =Inx + 3 54, f(x) = Inlx — 3)

S5, hlx) = In(x”) 56. f(x) = f, Inx

57. Antler Spread The antler spread a (in inches) and
shoulder height # (in inches) of an adult male American
elk are related by the model
= 116logla + 40) — 176.

Approximate the shoulder height of a male American
elk with an antler spread of 55 inches.

58. Snow Removal The number of miles 5 of roads
cleared of snow is approximated by the model

- 13 In(/e/12)

2=<h=15
In3

where /i 1s the depth of the snow in inches. Use this
model to find s when i = 10 inches.

Using the Change-of-Base Formula In
Exercises 59-62, evaluate the logarithm using the
change-of-base formula (a) with common logarithms
and (b) with natural logarithms, Round your results to
three decimal places,

59. log, 6
6L log, .5

60. log,, 200
62. log, 0.28

Using Properties of Logarithms In Exercises
63-66, use the properties of logarithms to rewrite and
simplify the logarithmic expression.

63. log 18 64. log,l5)
65, In 20 66, In(3¢ *)
Expanding a Logarithmic Expression In

Exercises 67-72, use the properties of logarithms to
expand the expression as a sum, difference, and/or
constant multiple of logarithms. {Assume all variables
are positive.)

67. log, Sx* 68. log 7yt
69. log, —= 70. 1o, 22
. log; Jx . log; 14

.1\
72.In(‘4|). vl

71, In x'v'z
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Condensing a Logarithmic Expression In
Exercises 73-78, condense the expression to the
logarithm of a single quantity.

73. log, 5 + log, x

74. log, vy — 2log, =

75. Inx~ 3y

76. 3Inx + 2Inlx + 1)

77. élog:‘.t — 2log,{y + 8)

78. S5In(x — 2) — In{x + 2) — 3 1Inx

79. Climb Rate The time ¢ (in minutes) for a small
plane to climb to an altitude of i feet 1s modeled by
£ = 50 10g[18,000/(18,000 — h)], where 18.000 feet is
the planc’s absolute ceiling.

(a) Determinge the domain of the function in the context
of the problem.

E(b) Use a graphing utility to graph the function and

identify any asymptotes.

(¢) As the plane approaches its absolute ceiling, what
can be said about the time required to increase its
altiude?

(d) Find the time for the plane to climb to an alttude
of 4000 feet.

80. Human Memory Model Students in a learning
theory study took an exam and then retested monthly
for 6 months with an equivalent exam. The data
obtained in the study arc given by the ordered pairs
(1. 5). where ¢ is the time in months after the initial exam
and s is the average score for the class. Use the data to
find a logarithmic equation that relates ¢ and s.

(1, 84.2).12, 78.4), (3,72.1),
(4, 68.5). (5. 67.1), (6, 65.3)

Solving a Simple Equation In Exercises
81-86, solve for x.

81. 5* =125 82. 6 =33
83, ¢t = 3 84. log, v = ~ 1
85. Inx— 4 86. Inx = —1.6

Solving an Exponential Equation In Exercises
87-90, solve the exponential equation algebraically.
Approximate the result to three decimal places,

87, et = ot 0} 88. ¢V =25

89.2* - 3=129 M. e —6e* +8§=0

(% Graphing and Solving an Exponential Equation

In Exercises 91 and 92, use a graphing utility to graph
and solve the equation. Approximate the result to three
decimal places, Verify your result algebraically.

91. 25¢ "W =12

92, 2+ =3 % x ¢



Do 1-73 odd

342 Chapter 4 Trigonometry

Review EXxercises

see CalcChat.com for tetorial help and worked-out solutions 10 odd-numbered exercises

m Using Radian or Degree Measure In
Exercises 1-4, (a) sketch the angle in standard position,
(b) determine the quadrant in which the angle lies, and
(¢) determine one positive and one negative coterminal
angle.

157 47
1. n 2. 3
3 - 4. 280¢
Converting from Degrees to Radians In

Exercises 5-8, convert the angle measure from degrees
to radians. Round to three decimal places.

5. 4508 6. —112.5°
7. —33°457 8. 197717’
Converting from Radians to Degrees In

Exercises 9-12, convert the angle measure from radians
to degrees. Round to three decimal places.

3 11
9, — 0, ———

10 6
11. —35 12. 5.7

Converting to D°M’"S” Form In Exercises 13 and
14, convert the angle measure to degrees, minutes, and
seconds without using a calculator. Then check your
answer using a calculator.

13. 198.4° 14, —5.96°

15. Arc Length Find the length of the arc on a circle of
radius 20 inches intercepted by a central angle of 138°
16. Phonograph Phonograph records are vinyl discs that
rotate on a tumtable. A typical record album s 12 inches
in diameter and plays at 33} revolutions per minute.
{a) What is the angular speed of a record album?
{b) What is the linear speed of the outer edge of a
record album?
17. Circular Sector Find the area of the sector of a
circle of radius 18 inches and central angle & = 1207,
18. Circular Sector Find the arca of the sector of a circle
of radius 6.5 millimeters and central angle 8 = S7/6.

I®] Finding a Point on the Unit Circle In
Exercises 19-22, find the point (x,y) on the unit circle
that corresponds to the real number 1.

o Il
19, r == 2. 1= Z
3 4
7 4
20 1= 1E 2. 1= —=

6 3

Evaluating Trigonomaetric Functions In Exercises
23 and 24, evaluate (if possible) the six trigonometric
functions at the real number.

37 27

2 2 ==
2). ¢ 3 24, ¢ 3
Using Period to Evaluate Sine and Cosine In
Exercises 25-28, evaluate the trigonometric function
using its period as an aid.

Il

25, sin——

3 26. cos 47

I -‘TTI ]3 T \
'—; ) 28. cus( —}T‘

27. sin(
Using a Calculator In Exercises 29-32, usc a
calculator to evaluate the trigonometric function. Round
your answer to four decimal places. (Be sure the calculator
is in the correct mode.)

29, wan 33 30. csc 105
127 )
3osee 32 sin(— o)

IE] Evaluating Trigonometric Functions In
Exercises 33 and 34, find the exact values of the six
trigonometric functions of the angle # shown in the figure.
(Use the Pythagorean Theorem to find the third side of the
triangle.)

33. 3.
e
= /

h]

Using a Calculator In Exercises 35-38, usc a
calculator to evaluate the trigonometric function. Round
your answer to four decimal places. (Be sure the calculator
is in the correct mode.)

35. tan 33°
37. cot 157 147

36. scc 79.3°
38. cos 78" 11"58”
Applying Tngonometric Identities In Exercises 39

and 40, use the given function value and the trigonometric
identities to find the indicated trigonometric functions.

39, sin# = 3 (a) csc o (b) cos 0
(c) sec o (d) tan ¢
0. csch =5 (a) sin @ (b} cot 0
(¢) tan @ (d) sec(H® — 0)



41. Railroad Grade A train travels 3.5 kilometers on a
straight track with a grade of 17 107 (see figure). What
is the vertical rise of the train in that distance?

—35km

42, Guy Wire A guy wire runs from the ground to the
top of a 25-foot telephone pole. The angle formed
between the wire and the ground 1s 52°. How far from
the base of the pole is the wire attached to the ground?
Assume the pole 1s perpendicular to the ground.

X Evaluating Trigonometric Functions In
Exercises 43-46, the point is on the terminal side of an
angle in standard position. Determine the exact values of
the six trigonometric functions of the angle,

43. (12.16) 44, (3, —4)
45. (0.3.0.4) 4. (-2 -3
Evaluating Trigonometric Functions In Exercises

47-50, find the values of the remaining five trigonometric
functions of @ with the given constraint.

Function Value Constraint
47, sec 6 = tan < 0
48.csc0=§ cos @ < 0
49. cos A = —_‘; siné > 0
50. sin 6 = —3 cos =0

Finding a Reference Angle In Exercises 51-54, find
the reference angle 0 and sketch @ and 07 in standard
position.

51, 6= 2647
53, 4= ~67/5

52, # = 635°

54, 60 177/3

Using a Reference Angle In Exercises 55-58,
evaluate the sine, cosine, and tangent of the angle without
using a calculator.
55, w/3

57. —15(°

56. —5w/4
58. 495°

Using a Calculator In Exercises 59-62, use a
calculator (o evaluate the trigonometric function. Round
your answer to four decimal places. (Be sure the calculator
is in the correct mode.)

59. sin4

60, cotl —4.8)

61, sin(127/5)

62. tan(—25%/7)

Review Exercises 343

Sketching the Graph of a Sine or Cosine
Function In Exercises 6368, sketch the graph of the
function. (Include two full periods.)

63. v = sin 6x

64. [(x) = 5sin(2yv/5)

65, v = 5 4 sinx

66. v = —4 — cos wx

67. glr) = 4 sin(r — =)
68. g(r) = 3coslr + w)

69. Sound Waves Sine functions of the form
v = a sin bx, where x is measured in seconds. can model
SINC waves.

(&) Writc an cquation of & sound wave whose amplitude
is 2 and whose peried is ﬁ second.

(b) What is the frequency of the sound wave described
in part (a)?

70. Data Analysis: Meteorology The times § of
sunset (Greenwich Mean Time) at 407 north latitede on
the 15th of each month are: 1(16:59), 2(17:35),
3(18:06), 4(18:38), S5(19:08), 6(19:30), 7(19:28),
8(18:57), 9(18:09), 10{17:21), 11{16:44), 12{16:36).
The month is represented by r, with ¢ = | corresponding
w January, A model (in which minutes have been
converted to the decimal parts of an hour) for the data is
S(r) = 18.09 + 1.41 sin[(7r/6) + 4.60],

o (a) Use a graphing utility to graph the data points and

the model in the same viewing window.

(b) What is the period of the model? Is it what you
expected? Explain.

(c) What is the amplitude of the model? What does it
represent in the model? Explain.

X Sketching the Graph of a Trigonometric
Function In Exercises 71-74, sketch the graph of the
function. (Include two full periods.)

0. fl1) = lan(t + 12’)

72. flx) = 4 cot X

T3 flx) =

2
L
5 csc

[

74. ki) = scc(r - f)

.Analyzing a Damped Trigonometric Graph In

Exercises 75 and 76, use a graphing utility to graph the
function and the damping factor of the function in the
same viewing window. Describe the behavior of the
function as x increases without bound.

75. flx) = xcosx 76. 2lx) = x*cosx



Do 1-45 odd

Review Exercises

Review Exercises 393

see CalcChat.com for tetorial help and werked-out solutions to odd-numbered exercises

Recognizing a Fundamental Ildentity In
Exercises 1-4, name the trigonometric function that is
equivalent to the expression.

sin x |
. 2,
oS X sin x
| s
3 4. Jeot' x + 1
tan x

Using ldentities to Evaluate a Function In
Exercises 5 and 6, use the given values and fundamental
trigonometric identities to find the values (if possible) of
all six trigonometric functions.

S lan & 3 sec 3
: K \""E R 4"_2
6. sm{j ,\') 'R siny = — >

Simplifying a Trigonometric Expression In
Exercises 7-16, use the fundamental trigonometric
identities to simplify the expression. There is more than
one correct form of each answer.

1 tan
Tecottx + 1 "1 —costd

9. tan’® x{eselx — 1) 10. cot® x{sin’ x)

o 5 - u)

2 ; sec?(— )
12, 7
COS U csct

1L

13. cos® x + cos? xcot’ x 14, (tanx + 1) cos x
s, | B | 6. tan® x
cseth+ 1 eseth— | I + secx
Trigonometric Substitution In Exercises 17 and 18,
use the trigonometric substitution to write the algebraic
expression as a trigonometric function of 8, where

0<6<a2
17. V25 = 2%, x=Ssin

Verifying a Trigonometric
Exercises 19-26, verify the identity,

18. ~"',1'"‘ = 16, x = dsecd
Identity In

19. cos x{tan®x + 1) = sec x

20, sec” ¥ cotx — ¢olx = ran x

for . o
21. w&[‘z - 0) cse o 22. wt(}z - .\) 1an x
| |
2}, ——— = ¢cos b 4, —— = ¢olx
tan doese i [an X ¢3¢ X sin X

25, sin®xcos®x = (cos?x — 2 cos' x + cos" 1) sinx

26. cos® xsin® x = (sin® x ~ sin® x) cos v

Solving a Trigonometric Equation In
Exercises 27-32, solve the equation.

28. dcos =1+ 2cos i
M.éccc.x -1=0
32 dantu ~ | = an’u

27. sinx = /3 — sinx
29. fk.il:m u=3
31. 3csetxr = 4

Solving a Trigonometric Equation In Exercises
33-42, find all solutions of the equation in the interval
[0, 2%).

33 2cos*x~cosx =1 3 2costx + 3cosx = 0

35 cos"x +sinx =1 36. sin"x + 2cosx =2

37. 2sin2x - J2=0 38. 2cos ; +1=0

39. 3 lan"('-r) -1=0 4. Sanix =10

3,

41. cosdxfcosx — 1) =0 42, Fese? Sv = —4

Using Inverse Functions In Exercises 43-46, use
inverse functions where needed to find all solutions of the
equation in the interval [0, 27).

43, tan’x — 2tanx =0
M 2@an’x — 3uanxy = —1
45 an g +1and — 6 =0

46. sec’x + Ganx + 4 =0

Evaluating Trigonometric Functions In
Exercises 47-50, find the exact values of the sine, cosine,
and tangent of the angle,

47. 285° = 315° — 3(r 48, 3457 = 007 + 45°
Ba_Nm w Wr_lla_a

12 6 4 12 6 4
Rewriting a Trigonometric Expression In
Exercises 51 and 52, write the expression as the sine,
cosine, or tangent of an angle.

51. sin 60° cos 457 — cos 60° sin 45°

tan 68 — tan 115°

I + tan 68" tan 1157

Evaluating a Trigonometric Expression In
Exercises 53-56, find the exact value of the trigonometric
expression given that tanu = 3 and cosy = —%. (u is in
Quadrant T and v is in Quadrant II1.)

53, sinfu + v)

5. tan{u + v)

55, coslu — v)

56. sinlue — v)



