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Exploration 1
d 100 -25 75

l.k:; 100 —WZOJS
2.t =65% + 0.5% = 7% or 0.07
d
3.m:E,s:d+td
s = pm
s _d+wd_d+wd k_d0+10) g
P=m™ a4 ~ 1 a1 4
k
k(1 + 1)

= = = (075)(L.07) = 0.8025

4. Yes, because $36.99 X 0.8025 = $29.68.
5. $100 =+ 0.8025 = $124.61

Exploration 2

1. The linear model increases without bound, whereas there
is a finite limit to human life expectancy.

2. Yes, since 2015 is still close to the data upon with the model
is based.

3. More than 58,000 Americans, predominantly males, died
prematurely in the Vietnam War, which would have affected
the point in 1970 but not the point on either side. The
male data in Figure 1.3 explains this dip.

Quick Review 1.1
1 (x +4)(x —4)
. (x +5)(x +5)
. 9y +2)(9y — 2)
L 3x(x? = Sx + 6) =3x(x — 2)(x — 3)
. (4h% + 9)(4h% — 9) = (4h% + 9)(2h + 3)(2h — 3)
. (x + h)(x + h)
L(x+4)(x— 1)
X —3x+4
. (2x = 1)(x = 5)
L (5 —4) = (P +5)(x +2)(x—2)
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Section 1.1 Exercises
1. (d) (@)

- (0 (@)

- (a) (p)

- (h) (0)

- (e) (D
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10.
11.

12.

13.

14.

15.

16.

17.

. (b) (s)
- (g) (O
- () (k)
. (i) (m)
(c) (n)

(a) The percentage increased steadily until 2000, then
leveled off. It has decreased slightly since 2000.

(b) The greatest increase occurred between 1975 and 1980.

(a) Except for some minor fluctuations, the percentage
has been decreasing overall.

(b) The greatest decrease occurred between 1960 and 1965.
Women (O), Men (+)

Oo
DDDDDDD

[-5, 55] by [30, 90]

Vice versa: The female percentages are increasing faster
than the male percentages are decreasing.

To find the equation, first find the slope.

changeiny  58.6 — 37.7 209

changeinx 2010 — 1960 50
= 0.418. The y-intercept is 37.7, so the equation of the
lineis y = 0.418x + 37.7.

70.7 — 834
Men:Slope = 5010 = 1960 ~ 50
y-intercept is 83.4, so the equation of the line is

y = —0.254x + 83.4.

In both cases, x represents the number of years after 1960.

Women: Slope =

“127 254, The

For the percentages to be the same, we need to set the
two equations equal to each other.

0.418x + 37.7 = —0.254x + 83.4
0.672x = 45.7
x =~ 68.0

So, approximately 68 years after 1960 (2028), the models
predict that the percentages will be about the same. To
check:

Males: y = (—0.211)(65) + 83.5 = 69.9%
Females: y = (0.582)(65) + 32.3 ~ 69.9%
Males: —0.254(68) + 83.4 66.1%
Females: 0.418(68) + 37.7 66.1%

So the point of intersection is (68,66.1)

Q

Q

The female data follow a linear model fairly well until
1995, but the lack of growth from 1995 to 2010 makes a
linear model less likely. Reasons will vary.
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30 Chapter 1 Functions and Graphs

18. The linear equations will eventually give percentages
above 100% for women and below 0% for men, neither
of which is possible.

19. G Lz s 3
316 1z = 7are |
ig il Yy 37E
740 i £ Eyng
108 | B4 t B9HE
18z |9z B.BE7

Lzii=3. 7974628354,

20. Let & be the height of the rectangular cake in inches.
The volume of the rectangular cake is
Vi=9-13+-h = 117hin’
The volume of the round cake is
V, = w(4)%(2h) ~ 3.14 - 16 - 2h = 100.48h in®
The rectangular cake gives a greater amount of cake for
the same price.

21. Because all stepping stones have the same thickness, what

matters is area.
The area of a square stepping stone is
A= 1212 = 144 in?
The area of a round stepping stone is
132
A, = 7r<7) ~ 3.14(6.5)* = 132.665 in
The square stones give a greater amount of rock for the
same price.
22. (a) t=3V180 ~ 3.35 sec
(b) d = 16(12.5)% = 2500 ft
23. A scatterplot of the data suggests a parabola with its
vertex at the origin.

[-1, 6] by [-5, 35]
The model y = 1.2¢* fits the data.
24. (a)

[—2, 15] by [480, 810]

(b) Slope of the line between the points (0, 528.8) and
. _ 6662 — 528.8 1374

(6,666.2) is m = 0 =%
Using the point-slope form equation for the line, we

= 22.9.

have y — 666.2 = 22.9(x — 6),s0 y = 22.9x + 528.8.

[—2, 15] by [480, 810]

25.

26.

217.

28.

29.

30.

(¢) To find the year the number of passengers should
reach 900 million, let y = 900 and solve the equation
for x. 900 = 22.9x + 528.8; x ~ 16.2, so by the model,
the number of passengers should reach 900 million by
2010 (1994 + 16).

(d) The terrorist attacks on September 11, 2001, caused a
major disruption in American air traffic from which
the airline industry was slow to recover.

The lower line shows the minimum salaries, since they are
lower than the average salaries.

The points that show the 1990 salaries are the Year 10
points. Both graphs show unprecedented increases in that
year. Note: At Year 10 the minimum salary jumps, but at
Year 11 the average salary jumps.

The 1995 points are third from the right, Year 15, on both
graphs. There is a clear drop in the average salary right
after the 1994 strike.

One possible answer: (a) The players will be happy to see
the average salary continue to rise at this rate. The
discrepancy between the minimum salary and the average
salary will not bother baseball players like it would facto-
ry workers, because they are happy to be in the major
leagues with the chance to become a star. (b) The team
owners are not happy with this graph because it shows
that their top players are being paid more and more
money, forcing them to pay higher salaries to be competi-
tive. This benefits the wealthiest owners. (¢) Fans are
unhappy with the higher ticket prices and with the
emphasis on money in baseball rather than team loyalty.
Fans of less wealthy teams are unhappy that rich owners
are able to pay high salaries to build super-teams filled
with talented free agents.

Adding 29* + 5 to both sides gives 30> = 13. Divide both
13 13
sides by 3 to get v* = 53S0V = H [

3v? = 13 is equivalent to 3v> — 13 = 0. The graph of
y = 3v? — 13 is zero for v ~ —2.08 and for v ~ 2.08.

\ |/
N

[-5, 5] by [-15, 15]

x + 11 = £11 so x = —11 £ 11, which gives x = —22 or
x = 0.

(x + 11)* = 121 is equivalent to (x + 11)? — 121 = 0.
The graph of y = (x + 11)? — 121 is zero for x = —22
and for x = 0.

\_J
\/

[-30, 30] by [-150, 150]
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3. 2x* —Sx+2=x*—-5x+6+3x

¥ —=3x—4=0
(x—4)(x+1)=0
x—4=0 or x+1=0

x=4 or x=-1
2x* = 5x + 2 = (x — 3)(x — 2) + 3xis equivalent
to2x> — 8x + 2 — (x — 3)(x — 2) = 0.The graph
of y =2x* = 8x + 2 — (x — 3)(x — 2) is zero for
x = —1 and for x = 4.

\
¥

[-10, 10] by [-10, 10]

32. X2 —Tx =

7 2 7 2
27 +(——) =0.75+(—7)
X X ) ’

(x —35)% =075 + 1225

AW

x—35=4+VI13
x =35+ V13

3
The graph of y = x> — 7x — " is zero for x ~ —0.11 and
for x =~ 7.11.

|/
./

[-10, 10] by [-15, 15]

33. Rewrite as 2x> — 5x — 12 = 0; the left side factors to
2x +3)(x —4) =0
2x+3=0 or x—4=0
2x = =3 x =4
x = —1.5.
The graph of y = 2x*> — 5x — 12 is zero for x = —1.5 and
for x = 4.

)
v

[-10, 10] by [-15, 15]

34. Rewrite as 2x*> — x — 10 = 0; the left side factors to
(x +2)2x—=5)=0:

x+2=0 or 2x—5=0
x =2 2x =5

x =25.
The graph of y = 2x* — x — 10 is zero for x = —2 and
for x = 2.5.

Section 1.1 Modeling and Equation Solving 31

[-10, 10] by [-10, 10]

35. x> + 7x — 14 = 0, s0
=1,b="7,and c = —14:

7= V7 —41)(-14) -7 = V105
T 2(1) - 2
7 1
= —E + E 105

The graph of y = x> + 7x — 14 is zero for x ~ —8.62 and
for x =~ 1.62.

|
|

[-20, 20] by [-30, 30]

36. x> — 4x — 12 = 0, so
a=1,b=—4,andc = —12:

L AEVEY 412) 4= Ve

2(1) 2
8
=2+-=2+44
2
x=-2orx=6
The graph of y = x> — 4x — 12 s zero for x = —2 and

for x = 6.

\/
v

[-20, 20] by [-30, 30]

37. Change to x> — 2x — 15 = 0 (see below); this factors to
(x +3)(x = 5) = 0,s0x = =3 or x = 5. Substituting the
first of these shows that it is extraneous.

x+1=2Vx+4
(x + 1% = 2(Vx ¥ 472
X +2x+1=4x+ 16
¥ —=2x—15=0
The graphof y = x + 1 — 2Vx + 41is zero for x = 5.

-

_,l

[-10, 10] by [-10, 10]
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32 Chapter 1 Functions and Graphs

38. Change to x> — 3x + 1 = 0 (see below);
3tv9-4 3 1

th =—=-*=-V5
en x 2 5 2\[, SO
3 5
x=5- % Substituting the second of these shows that
it is extraneous.
Vx=1-x

(Vay = (1 = xp

x=1-2x+ x

0=x*-3x+1
Vx + x = lisequivalenttox + Vx — 1 = 0.
The graph of y = x + Vx — 1is zero for x ~ 0.38.

[-3,3] by [-2,2]

v
4

[~10, 10] by [~10, 10]

39. x =~ 391

40. x ~ —1.09 or x =~ 2.86

[~10, 10] by [~10, 10]

41. x =~ 133 0orx =4

1/

I“‘».f

[~10, 10] by [10, 10]

42, x ~ 2.66

1

[~10,10] by [-2.2]

43. x ~ 1.77

L
N

[-5, 5] by [-10, 10]

4. x ~ 236

Vo
N

[-5, 5] by [-10, 10]

45. x ~ —1.47

U’

)

[-4, 4] by [-10, 10]

x=-1.47
46. {0,1, -1}
l
[737 3] by [71’ 4]

47. Model the situation using C = 0.18x + 32, where x is the
number of miles driven and C is the cost of a day’s rental.

(a) Elaine’s cost is 0.18(83) + 32 = $46.94.
(b) If for Ramon C = $69.80, then
~69.80 — 32
0.18

48. (@)dx +5— (¥ +2x —x+3)=0or
x> =2 +5x+2 =0.

b)—x*—2x>+5x+2=0.

(¢) A vertical line through the x-intercept of y; passes
through the point of intersection of y; and y,.

(d) At x = 1.6813306, y, = y, = 11.725322.
At x = —0.3579264, y, = y, = 3.5682944.
At x = —3.323404, y, = y, = —8.293616.

49. (a) y = (x200)1/200 = 2007200 = y1 = ¥ for all x = 0.

= 210 miles.
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50. The length of each side of the square is x + b, so the area

(b) The graph looks like this:

[0, 1] by [0, 1]

(¢) Yes, this is different from the graph of y = x.

(d) For values of x close to 0, x*® is so small that the
calculator is unable to distinguish it from zero. It
returns a value of 02 = 0 rather than x.

of the whole square is (x + b)% The square is made up
of one square with area x-x = x%, one square with area
b+b = b% and two rectangles, each with area b-x = bx.
Using these four figures, the area of the square is

x* + 2bx + b

51. (a) x = —3orx =11orx = 1.15.

52.

53.

A+

[5,5] by [~200, 500]

(b) x = —3 only.

[-5,5] by [-10, 10]

(a) Area: x* +x(§)+x( )—x + bx.

b b
“”5'5:(5)

b\? b\?
(©) x>+ bx + <5> = (x + 5) is the algebraic
formula for completing the square, just as the area

b 2
(5> completes the area x> + bx to form the area

(2

Let n be any integer.

n* + 2n = n(n + 2), which is either the product of two
odd integers or the product of two even integers.

The product of two odd integers is odd.

The product of two even integers is a multiple of 4, since
each even integer in the product contributes a factor of 2
to the product.

Therefore, n> + 2n is either odd or a multiple of 4.

54.

5S.

56.

57.

58.

59.

60.

61.

62.
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One possible story: The jogger travels at an approxi-
mately constant speed throughout her workout. She jogs
to the far end of the course, turns around and returns to
her starting point, then goes out again for a second trip.

False. A product is zero if any factor is zero. That is, it
takes only one zero factor to make the product zero.

False. Predictions are always fallible, and in particular
an algebraic model that fits the data well for a certain
range of input values may not work for other input
values.

This is a line with a negative slope and a y-intercept of 12.
The answer is C. (The graph checks.)

This is the graph of a square root function, but flipped
left-over-right. The answer is E. (The graph checks.)

As x increases by ones, the y-values get farther and farther
apart, which implies an increasing slope and suggests a
quadratic equation. The answer is B. (The equation checks.)
As x increases by 2’s, y increases by 4’s, which implies a
constant slope of 2. The answer is A. (The equation
checks.)

(a) March

(b) $120

(¢) June, after three months of poor performance

(d) Ahmad paid (100)($120) = $12,000 for the stock and
sold it for (100)($100) = $10,000. He lost $2,000 on
the stock.

(e) After reaching a low in June, the stock climbed back
to a price near $140 by December. LaToya’s shares
had gained $2000 by that point.

(f) One possible graph:

Stock Index

WAV

[—4,4] by [—10, 10]

(b) Factoring, we find y = (x + 2)(x — 2)(x — 2). There
is a double zero at x = 2, a zero at x = —2, and no
other zeros (since it is a cubic).

(¢) Same visually as the graph in (a).

(d) b* — 4ac is the discriminant. In this case,
b* — 4ac = (—4)? — 4(1)(4.01) = —0.04, which is
negative. So the only real zero of the product
y = (x+2)(x* — 4x + 4.01)isat x = 2.
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34 Chapter 1 Functions and Graphs

local bill, on the other hand, seems to have peaked and is
now trending downward as competition among the service

(e) Same visually as the graph in (a).

®

b* — dac = (—4)* — 4(1)(3.99) = 0.04, which is posi-
tive. The discriminant will provide two real zeros of
the quadratic, and (x + 2) provides the third. A cubic
equation can have no more than three real roots.

providers intensifies. The downward trend seems likely
to continue for the immediate future but the slopes
between consecutive years will surely start getting less

negative soon.

63. (a) Subscribers Average Monthly Bill
5 L. M Section 1.2 Functions and Their Properties
gotf o o poO
o® ; a” ol Exploration 1
jof o 1. From left to right, the tables are (c) constant,
(b) decreasing, and (a) increasing.

[9, 21] by [77, 335] [9, 21] by [44, 52] 2] x X X
moves |AX|AY1] moves [AX|AY2| moves [AXIAY3
(b) Slope of the line between the points (10, 109.5) and from from from
300.5 — 109.5 191 _ _ _ _ 3 _
Using the point-slope form equation for the line, we have —1t00 |1| 0 |-1t00 |1|-1]-1to0 |1] 2
y — 109.5 = 19.1(x — 10),s0 y = 19.1x — 81.5. 0ol 11101 01 1121 0to1 |11 2
The linear model for subscribers as a function of time 1to3 |21 0 1103 |21=4] 1t03 | 2] 3
isy = 19.1x — 81.5.
(¢) The fit is very good. The line goes through or is close 3t07 |4] 0] 3t07 |4|=6] 3to7 |4]6
to all the points. 3. For an increasing function, AY/AX is positive. For a

decreasing function, AY/AX is negative. For a constant
function, AY/AX is 0.

4. For lines, AY/AX is the slope. Lines with positive slope
are increasing, lines with negative slope are decreasing,
and lines with 0 slope are constant, so this supports our
answers to part 3.

[9, 21] by [77, 335]

) ) Quick Review 1.2
(d) The monthly bill scatter plot has an obvious curved

; L x*-16=0
shape that could be modeled more effectively over 2_ 16
this time period by a parabola. (We will learn about * B 4
more nonlinear models later in the book.) zx N
(e) Subscribers Average Monthly Bill 2.9 - x2 = 8
x =
DEIDDD o e x = 13
o” o o 3. x—-10<0
DDDD o o x <10
o u 4. 5—-x=0
—x = -5
[4, 21] by [5, 345] [4, 21] by [44, 52] x=5

The 1995 point fits well with the linear trend in the 5. As we have seen, the denominator of a function cannot

subscriber data, but the point in the local monthly bill be zero.
. Weneed x—16=0
scatter plot does not fit the trend at all. ‘=16
(f) In 1995, cellular phone technology was still emerging, ) '
so the growth rate was not as fast as it was in more 6. Weneed x” — 162 =0
recent years. Thus, the slope from 1995 (¢ = 5) to 1998 x" =16
(t = 8) is lower than the slope from 1998 to 2004. x = 4.
Cellular technology was more expensive before com- 7. Weneed x —16<0
petition brought prices down. This explains the anom- x < 16.
aly on the monthly bill scatter plot. 8 Weneed xX—-1=0
64. One possible answer: The growth in the number of sub- =1
scribers has been remarkably consistent over the years, x = +1.
following a linear trend. Although it cannot continue with 9. Weneed 3 —x=0 and x+2<0

the same slope indefinitely, it seems likely to be close to

linear for the immediate future. The average monthly and x < -2

x = 3.

3=x

x < -2 and

Copyright © 2015 Pearson Education, Inc.



10.

Weneed x2—-4=0
X2 =4
x = +2.

Section 1.2 Exercises

1.

10.
11.

12.

13.

14.

15.

16.

© % N,

Yes, y = Vx — 4 is a function of x, because when a num-
ber is substituted for x, there is at most one value pro-

duced for Vx — 4.

. No, y = x*+ 3 is not a function of x, because when a

number is substituted for x, y can be either 3 more or 3
less than x*.

. No, x = 2y? does not determine y as a function of x,

because when a positive number is substituted for x, y can

be either \/% or —\/g.

. Yes, x = 12 — y determines y as a function of x,

because when a number is substituted for x, there is
exactly one number y which, when subtracted from 12,
produces x.

Yes
No
No
Yes

. We need x* + 4 = 0; this is true for all real x.

Domain: (—oo, 00).
We need x — 3 # 0. Domain: (—o0, 3) U (3, 0).
We need x + 3# 0 and x — 1 # 0. Domain:
(=00, —3) U (=3,1) U (1, c0).
We need x # 0and x — 3 # 0. Domain:
(—00,0) U (0,3) U (3, 0).

b _ X
¥ =5x x(x-5)
Asaresult,x — 5 # 0and x # 0.
Domain: (—oo0,0) U (0,5) U (5, 00).
We need x — 3 # 0and 4 — x*> = 0. This means x # 3
and x? < 4: the latter implies that —2 = x = 2, so the
domain is [-2, 2].
Weneedx +1#0,x>+1#0,and4 — x = 0.
The first requirement means x # —1, the second is true
for all x, and the last means x =< 4. The domain is there-
fore (—oo0,—1) U (-1, 4].

We notice that g(x) =

We need *—16x2=0
(x?—16) =0
=0 or ¥*—-16=0

¥ =16

x=0 or x =4, x = —4.

Domain: (—oo, —4] U {0} U [4, 00).

17. f(x) = 10 — x* can take on any negative value. Because

18.

19.

x? is nonnegative, f(x) cannot be greater than 10. The
range is (—oo, 10].

g(x) =5 + V4 — x can take on any value = 5, but
because V4 — x is nonnegative, g(x) cannot be less than 5.
The range is [5, 00).

The range of a function is most simply found by

graphing it. As our graph shows, the range of f(x) is
(=00, =1) U [0, 00).

Section 1.2 Functions and Their Properties

T{T

[~10,10] by |

~10, 10]

20. As our graph illustrates, the range of g(x) is
(—o0, =1) U [0.75, 00).

|
I

-10, 10] by [—10, 10]

21. Yes, nonremovable.

-
)

~10,10] by [

~10,10]

22. Yes, removable.

T

23. Yes, nonremovable.

[-5,5] by [-10, 10]

[~10,10] by [~2, 2]

24. Yes, nonremovable.

-
)

[-5. 5] by [-5. 5]

25. Local maxima at (—1,4) and (5, 5), local minimum at

35

(2,2). The function increases on (—oo, —1], decreases on

[—1,2], increases on [2, 5], and decreases on [5, c0).

26. Local minimum at (1,
local maximum. The function decreases on (—oo, 1],
increases on [1, 5], and decreases on [5, o).

Copyright © 2015 Pearson Education, Inc.
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36 Chapter 1 Functions and Graphs

27. (—1,3) and (3, 3) are neither. (1, 5) is a local maximum,
and (5, 1) is a local minimum. The function increases on
(—o0, 1], decreases on [1, 5], and increases on [5, 00).

28. (—1,1) and (3, 1) are local minima, while (1, 6) and (5, 4)
are local maxima. The function decreases on (—oo, —1],
increases on [—1, 1], decreases on (1, 3], increases on
[3,5], and decreases on [5, c0).

29. Decreasing on (—oo, —2]; increasing on [—2, 00).

[
[~10, 10] by [2, 18]

30. Decreasing on (—oo —17J; constant on [—1, 17];
increasing on [

\l/

~10,10] by [-2, 18]

31. Decreasing on (—oo, —2]; constant on [-2,17;
increasing on [1, c0).

[-10, 10] by [0, 20]

32. Decreasing on (—oo, —2]; increasing on [—2, c0).

\

[-7,3] by [72, 13]

33. Increasing on (—oo, 1]; decreasing on [1, 00).

Za~

[—4,6] by [-25,25]

34. Increasing on (—oo, —0.5]; decreasing on [—0.5, 1.2],

increasing on [1.2, co). The middle values are approximate
—they are actually at about —0.549 and 1.215. The values
given are what might be observed on the decimal window.

[-2.3] by [-3, 1]
35. Constant functions are always bounded.
36. x>0
-x*<0
2-x*<2

y is bounded above by y = 2.
37. 2* > 0 for all x, so y is bounded below by y = 0.

1
38. 27 = pYs = (0 for all x, so y is bounded below by y = 0.

39. Since y = V1 — x? is always positive, we know that
y = 0 for all x. We must also check for an upper bound:
x>0
x> <0
1-x*<1
V1 - x? < \/1
Vi-x<1
Thus, y is bounded.

40. There are no restrictions on either x or x>, so y is not
bounded above or below.

41. f has a local minimum when x = 0.5, where y = 3.75.
It has no maximum.

[=5,5] by [0, 36]
42. Local maximum: y ~ 4.08 at x ~ —1.15.
Local minimum: y =~ —2.08 at x ~ 1.15.

/
/|

[—5, 5] by [-50, 50]

—0.82.
0.82.

43. Local minimum: y ~ —4.09 at x
Local maximum: y ~ —1.91 at x

\
|\

[-5,5] by [—50, 50]

Qo

44. Local maximum: y ~ 948 atx ~ —1.67.
Local minimum: y = 0 when x = 1.
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[-5,5] by [~50, 50]

45. Local maximum: y =~ 9.16 at x ~ —3.20.

Local minima: y =0atx =0andy = 0atx = —4.
-
[=5.5] by [0, 80]
46. Local maximum: y = 0 atx = —2.5.
Local minimum: y =~ —3.13 at x = —1.25.

/
/7

[-5.5] by [-10, 10]

47. Even: f(—x) = 2(—x)* = 2x* = f(x)

48. Odd: g(—x) = (—x)* = —x* = —g(x)

49. Even: f(—x) = \/(*x)2 +2=Va+2= f(x)
50. Even: g(—x) 3 3 _ g(x)

:1+(—x)2:1+x2
51. Neither: f(—x) = —(—x)> 4+ 0.03(—x) + 5 =
—x?> — 0.03x + 5, which is neither f(x) nor —f(x).
52. Neither: f(—x) = (—x)® + 0.04(—x)*> + 3 =
—x* 4+ 0.04x> + 3, which is neither f(x) nor —f(x).
53. Odd: g(—x) = 2(—x)* — 3(—x)
= —2x° + 3x = —g(x)
1 1

54. Odd: h(—x) = i —h(x)

55. The quotient
-

x = 1is a vertical asymptote. Similarly, lim
x—00 X —

indicating a horizontal asymptote at y = 1. The graph
confirms these asymptotes.

AFL

[~10, 10] by [~10, 10]

x—1

56. The quotient is undefined at x = 0, indicating

x
a possible vertical asymptote at x = 0. Similarly,

is undefined at x = 1, indicating that

X
=1
1 5
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lim P 1, indicating a possible horizontal asymp-
xX—00

tote at y = 1. The graph confirms these asymptotes.

=

(10, 10] by [~10, 10]

2
is undefined at x = 3, indicating

+
57. The quotient o

a possible vertical asymptote at x = 3. Similarly,

= —1, indicating a possible horizontal asymp-

tote at y = —1.The graph confirms these asymptotes.

J
a

[8,12] by [10, 10]

58. Since g(x) is continuous over —00 < x < 09,
we do not expect a vertical asymptote. However,

lim 1.5 = lim 1.5% = lim —— = 0, so we expect a

Xx—>—00 X—>00 xX—>00 1. X
horizontal asymptote y = 0. The graph confirms this
asymptote.

-

[~10,10] by [~10, 10]

2
+2
x2 is undefined at x = 1 and x = —1.

59. The quotient
X

So we expect two vertical asymptotes. Similarly, the
XX +2 .

lim = 1, so we expect a horizontal asymptote

x—>o00 x2 — 1

at y = 1. The graph confirms these asymptotes.

[~10, 10] by [~10, 10]

60. We note that x> + 1 = 0 for —00 < x < 09,50 we do
not expect a vertical asymptote. However,

lim — = (, so we expect a horizontal asymptote at
x—00 x° + 1
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y = 0. The graph confirms this.

[_5’ 5} by [O, 5]

. dx .
61. The quotient ——— p does not exist at x = 2,
P

so we expect a vertical asymptote there. Similarly,

. 4x—4 .
lim ——— = 0, so we expect a horizontal asymptote
x—00 x7 + 8

at y = 0. The graph confirms these asymptotes.

I
A

[—4,6] by [-5,5]

(

2x — 4 2(x —2)

2. Th tient = =

6 € quotient (x=2)(x+2) x+2

x = 2 is a removable discontinuity, we expect a vertical

. Since

asymptote at only x = —2. Similarly, lim
X

=0, so
—o00 x — 2 ?

we expect a horizontal asymptote at y = 0. The graph
confirms these asymptotes.

\
Rl

[—6,4] by [—10, 10]

. . 1 .
63. The denominator is zero when x = 5 so there is a
. 1 .
vertical asymptote at x = - When x is very large,
x+2

behaves much like X 1 , so there is a horizontal
2x + 1 2x 2

1
asymptote at y = 5 The graph matching this description
is (b).

. . 1 .
64. The denominator is zero when x = > so there is a

1
vertical asymptote at x = - When x is very large,

2 2
x“+2 LooXT X _ X,
1 behaves much like x 2 ,80y = ) is a slant

asymptote. The graph matching this description is (c).

65. The denominator cannot equal zero, so there is no vertical

+2
asymptote. When x is very large, 7;2 1 behaves much
X

. 1 . .
like % = —, which for large x is close to zero. So there
2x 2x

is a horizontal asymptote at y = 0. The graph matching
this description is (a).

66. The denominator cannot equal zero, so there is no vertical
3

asymptote. When x is very large, ————— behaves much

2x° + 1

X X X,

like — = - ,soy = _ isaslant asymptote. The graph
2x 2 2

matching this description is (d).

67. (a) Since, lim zx 1 = 0, we expect a horizontal
x—>0 x

asymptote at y = 0. To find where our function
crosses y = 0, we solve the equation
X

=0

-1
x=0:(x*—1)
x = 0.

The graph confirms that f(x) crosses the horizontal
asymptote at (0, 0).

UL

[-4.7,4.7] by [-3.1, 3.1]

(b) Since lim % = 0, we expect a horizontal
x—00 x7 + 1
asymptote at y = 0. To find where our function

crosses y = 0, we solve the equation:

=0
¥+ 1

x =0:(x*+ 1)

x =

The graph confirms that g(x) crosses the horizontal
asymptote at (0, 0).

[-6, 6] by [-1, 1]

2

. . X .
(¢) Since lim — = 0, we expect a horizontal
x—0 x7 + 1

asymptote at y = 0.To find where h(x) crosses
y = 0, we solve the equation

X
X+1 0
¥ =0(x*+ 1)
2=0
x = 0.
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The graph confirms that 4(x) intersects the horizontal
asymptote at (0, 0).

=

[-6. 6] by [-1, 1]

68. We find (a) and (c) have graphs with more than one hori-
zontal asymptote as follows:

(a) To find horizontal asymptotes, we check limits, at

(b) Again, we see that our numerator, |x —

(c)

x — o0 and x — —o0. We also know that our
numerator |x* + 1], is positive for all x, and that our
denominator, 8 — x3, is positive for x < 2 and nega-
tive for x > 2. Considering these two statements, we
find

|x + 1|
3

|x3+1|
> =

= —land lim

X—-00

lim
x—00 8 — - X

The graph confirms that we have horizontal asymptotes
aty=1landy = —1.

|
I

—10, 10] by [-5, 5]

11, is positive
for all x. As a result, g(x) can be negative only when
x> — 4 < 0, and g(x) can be positive only when
x*> — 4 > 0. This means that g(x) can be negative
only when —2 < x < 2;if x < —2orx > 2, g(x) will
be positive. As a result, we know that

lx — 1] lx — 1]

lim ——— = lim 2_a = 0, giving just one

x—00 x2 — Xx—-00 x“ —

horizontal asymptote at y = 0. Our graph confirms
this asymptote.

BN
HT

[-5,5] by [-5, 15]

As we demonstrated earlier, we need x> — 4 > 0,
otherwise our function is not defined within the

real numbers. As a result, we know that our
denominator, V x> — 4, is always positive [and that
h(x) is defined only in the domain (—oo, —2) U (2, 00)].

X
Vx% — 4

—1. The graph confirms that we

Checking limits, we find lim =1and

xX—>00

. X
Im —— =

X——00 A /x2 —4
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have horizontal asymptotes at y = 1 and y = —1.

—

|

[10, 10] by [~10, 10]

69. (a) The vertical asymptote is x = 0, and this function is

70.

71.

72.

73.

74.

75.

76.

71.

(b)

()

undefined at x = 0 (because a denominator can’t be
Zero).

[-6, 6] by [-2, 2]

Add the point (0, 0).

Yes. It passes the vertical line test.

The horizontal asymptotes are determined by the two
limits, lim f(x)and lim f(x). These are at most two
x——00 x—>+00

different numbers.

True. This is what it means for a set of points to be the
graph of a function.

False. There are many function graphs that are symmetric
with respect to the x-axis. One example is f(x) = 0.

Temperature is a continuous variable, whereas the other
quantities all vary in steps. The answer is B.

“Number of balls” represents a whole number, so that the
quantity changes in jumps as the ball radius is altered. The
answer is C.

Air pressure drops with increasing height. All the other
functions either steadily increase or else go both up and
down. The answer is C.

The height of a swinging pendulum goes up and down
over time as the pendulum swings back and forth. The

answer is E.
(a) ’
[-3,3] by [-2.2]

k=1

(b) s=slex<l+Xeoexr-x+1>0
1+ x
But the discriminant of x> — x + 1 is negative (—3),
so the graph never crosses the x-axis on the interval
(0, c0).

() k=-1

(d)l >-leoex=z-1-x*oxX>+x+1>0
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But the discriminant of x> + x + 1 is negative (—3),
so the graph never crosses the x-axis on the interval
(=00, 0).
78. (a) Increasing
()| Ay
1
1.05
0.52
0.43
0.36
0.33
0.31
0.28

(c¢) | AAy
0.05
—0.53
—0.09
—0.07
—0.03
-0.02
—0.03

Ay is none of these, since it first increases from 1 to
1.05 and then decreases.

(d) The graph rises, but bends downward as it rises.
(e) An example:

y
5k

79. One possible graph:

80. One possible graph:

y
5
1
L
——————————————————— y:]
;_I_I_I_I_I_»
> 5
-
L
-
x=0

81. One possible graph:

82. Answers vary.
83. (a) x>0

—0.8x> < 0
2-08x2 <2
f(x) is bounded above by y = 2. To determine if

y = 2 is in the range, we must solve the equation for
x:2 =2 — 0.8x

0=—08x"
0= x?
0=ux
Since f(x) exists at x = 0, y = 2 is in the range.

2 2

(b) xli_)ngo 3 sz = xli_)rrgo ?’xiz = Xli_)ngo 3 = 3.Thus, g(x) is
bounded by y = 3. However, when we solve for x,
we get 3= 3
3+ X2
3(3 + x?) = 3x?
9 + 3x* = 3x%
9=0.

Since 9 # 0, y = 3 is not in the range of g(x).
(¢) h(x) is not bounded above.

(d) For all values of x, we know that sin (x) is bounded
above by y = 1. Similarly, 2 sin (x) is bounded above
by y =2 -1 = 2.1Itis in the range.

4x 4x

e) lim = lim =
()xﬁwx2+2x+1 x—00 (x + 1)?

. X 1 . 4
;}E»I}o4(x + 1)(x + 1) B xh—>n<}o x+1

(since x + 1 = x for very large x) = 0.

{Similarly, lim 247)( = O.} As a result, we
x——00 x° + x + 1

know that g(x) is bounded by y = 0 as x goes to co

and —oo.

However, g(x) > 0 for all x > 0 (since (x + 1)> > 0

always and 4x > 0 when x > 0), so we must check

points near x = 0 to determine where the function is

at its maximum. [Since g(x) < 0 for all x < 0 (since

(x + 1)* > 0 always and 4x < 0 when x < 0) we can

ignore those values of x since we are concerned only

with the upper bound of g(x).] Examining our graph,

we see that g(x) has an upper bound at y = 1, which

occurs when x = 1. The least upper bound of

g(x) = 1, and it is in the range of g(x).
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84. As the graph moves continuously from the point (-1, 5)
down to the point (1, —5), it must cross the x-axis some-
where along the way. That x-intercept will be a zero of the
function in the interval [—1,1].

85. Since f is odd, f(—x) = —f(x) for all x. In particular,
f(=0) = —f(0). This is equivalent to saying that
f(0) = —£(0), and the only number which equals its
opposite is 0. Therefore, f(0) = 0, which means the
graph must pass through the origin.

N
I

[-6, 6] by [-2,2]

@@ y=15
(b) [-1,1.5]
3x2 -1
<
2x2+ 1
32 -1
<
262 +1
0=2x*+1+3x>—1=5x2+25
0=5x*<5x>+25
True for all x.
87. (a) fis continuous on [-2, 4]; the maximum value is 13,
which occurs at x = 4, and the minimum value is -3,
which occurs at x = 0.
(b) fis continuous on [1, 5]; the maximum value is 1,
which occurs at x = 1, and the minimum value is 0.2,
which occurs at x = 5.
(¢) fis continuous on [-4, 1]; the maximum value is 5,

86.

(© —-1= 15

01+ 2.5

which occurs at x = —4, and the minimum value is 2,
which occurs at x = —1.

(d) fis continuous on [—4, 4]; the maximum value is 5,
which occurs at x = —4, and the minimum value is 3,

which occurs at x = 0.

M Section 1.3 Twelve Basic Functions
Exploration 1

1
1. The graphs of f(x) = ~ and f(x) = In x have vertical

asymptotes at x = 0.

1

2. The graph of g(x) = ”
a vertical asymptote at x = 0.

+ In x (shown below) does have

Section 1.3 Twelve Basic Functions 41

l

[~2.7,6.7] by [-1.1,5.1]

1
1+e”*

1
3. The graphs of f(x) = T ,f(x) = e and f(x) =
have horizontal asymptotes at y = 0.

1
4. The graph of g(x) = ~ + e* (shown below) does have a

horizontal asymptote at y = 0.

h
[-4.7,4.7] by [-3.1, 3.1]

have

1 1
Both f(x) = andg(x) = 5 5 = 1or = 1)

vertical asymptotes at x = 0,but A(x) = f(x) + g(x)
does not; therefore, it has a removable discontinuity at
x = 0.

Quick Review 1.3
1. 59.34

S5—m

7 -

3

® NN R WD
o

9. -4
0.1-7-7=@m—-1)-7=07-1-7=-

Section 1.3 Exercises
Ly=x"+1;()

2.y =l -2

3.y = ~Vx ()

4. y = —sin x or y = sin(—x); (a)
5.y =-x;(1)

6.y = (x —1)%(f)

7. y = int(x + 1); (k)
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42 Chapter 1 Functions and Graphs
1
8. y=—:(
y=—7:M
9.y = (x +2)%(d)
10. y = e* — 2;(¢)
4
1.2 ——;
1+e™*’ M
12. y = cos x + 1; (b)
13. Exercise 8
14. Exercise 3
15. Exercises 7, 8

16.

17.

Exercise 7 (Remember that a continuous function is one
that is continuous at every point in its domain.)

Exercises 2,4,6,10,11,12

:

[-10, 10] by [-10, 10]

.

[~10,10] by [~10, 10]

18. Exercises 3,4, 11,12

1
19.y=x,y=x3,y=;,y=sinx

20 y=x,y=x,y=Vx,y=e,y=Inxy=

= 2 = — =
21‘y X5y x’y |x|

22. y =sinx,y = cos x, y = int(x)

1 1
2. y=—y=¢%y=
y xd’ e,y 1+e~
24.y:x,y:x3,y:1nx

25.y=;,y:sinx,y=cosx,y=

26. y =x,y = x°, y = int(x)

1
1+

1
27.y=x,y=x,y=—y=sinx
X

28. y =sinx,y = cos x

29. Domain: (—o0, 00)
Range: [-5, )

30. Domain: (-0, 00)
Range: [0, 00)

\|/
¥

A

[~10, 10] by [~10, 10]

31. Domain: (—6, c0)
Range: (-0, 00)

[~10,10] by [~10, 10]

32. Domain: (—o0, 0) U (0, c0)
Range: (—o0,3) U (3,00)

—

(10, 10] by [~10, 10]

33. Domain: (00, 00)
Range: All integers

[-5,5] by [-2, 8]

34. Domain: (-0, 00)
Range: [0, 00)

37.

[0,20] by [-5,5]

(a) r(x) is increasing on [10, co).
(b) r(x) is neither odd nor even.
(¢) The one extreme is a minimum value of 0 at x = 10.

(d) r(x) = Vx — 10 is the square root function, shifted
10 units right.

36.

[0,7] by [2,7]
(a) f(x) is increasing on {(Zk _ 1)§, (2k + 1)g} and

decreasing on {(Zk + 1)% , (2k + 3)%}, where k is

an even integer.
(b) f(x) is neither odd nor even.
w
2
and maximum values of 6 at x = (2k + 1)% , where k

(¢) There are minimum values of 4 at x = (2k — 1)

is an even integer.

(d) f(x) = sin(x) + 5 is the sine function, sin (x), shifted
5 units up.

|

[-5. 5] by [-1, 4]

(a) f(x) is increasing on (—o0, c0).

(b) f(x) is neither odd nor even.

(¢) There are no extrema.

3 1
@) f(x) = T+o7 is the logistic function, T

stretched vertically by a factor of 3.
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38.

39.

40.

41.

|

[~114,74] by [22,102]

(a) g(x) is increasing on (—00, 00).
(b) g(x) is neither odd nor even.
(¢) There are no extrema.

(d) g(x) = ¢* + 2 is the exponental function, ¢*, shifted 2
units up.

o <

[~15,15] by [20, 10]

(a) h(x) is increasing on [0, co) and decreasing on (—oo, 0].

(b) h(x) is even, because it is symmetric about the y-axis.

(¢) The one extremum is a minimum value of —10 at
x=0.

(d) h(x) = |x| — 10 is the absolute value function, |x|,
shifted 10 units down.

N
O

[0,7] by [-5, 5]

(a) g(x) is increasing on [(2k — 1), 2k7] and decreas-
ing on [2km, (2k + 1)), where k is an integer.

(b) g(x) is even, because it is symmetric about the y-axis.

(¢) There are minimum values of —4 at x = (2k — 1)7
and maximum values of 4 at x = 2k, where k is an
integer.

(d) g(x) = 4 cos (x) is the cosine function, cos (x),
stretched vertically by a factor of 4.

l

[-2.7,6.7] by [-1.1, 5.1]

(a) s(x) is increasing on [2, c0) and decreasing on (—oo, 2].

(b) s(x) is neither odd nor even.
(¢) The one extremum is a minimum value of 0 at x = 2.

(d) s(x) = |x — 2] is the absolute value function, |x/,
shifted 2 units to the right.

Section 1.3 Twelve Basic Functions 43

[-10, 10] by [-10, 10]

(a) f(x) is increasing on (—oo, 0] and decreasing on [0, co).
(b) f(x) is even, because it is symmetric about the y-axis.
(¢) The one extremum is a maximum value of 5 at x = 0.

(d) f(x) = 5 — abs(x) is the absolute value function,
abs(x), reflected across the x-axis and then shifted 5
units up.

43. The end behavior approaches the horizontal asymptotes
y=2andy = -2

44. The end behavior approaches the horizontal asymptotes
y=0andy = 3.

45. y

5

Lo L 1y

There are no points of discontinuity.

46. y

There is a point of discontinuity at x = 0.
47. y

5

11 11 1 1 1 11 X

There are no points of discontinuity.
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48. v

49.

There are no points of discontinuity.
50. y

There are no
51.

v

There is a point of discontinuity at x = 0.
52. y

There are points of discontinuity at x = 2,3,4,5,....

53. (a) [

|

[_5’ 5} by [_5’ 5]
This is g(x) = |x|.

(b) Squaring x and taking the (positive) square root has
the same effect as the absolute value function.

Fx) = Va2 = VaP = Izl = g(x)
54. (a) [

|

[=5,5]by [-5,5]

This appears to be f(x) = |x|.
(b) For example, g(1) ~ 0.99 # f(1) = 1.
55. (a) [

|

[=5,5] by [-5. 5]
This is the function f(x) = x.

(b) The fact that Ine* = x shows that the natural
logarithm function takes on arbitrarily large values.
In particular, it takes on the value L when x = e’

56. (ﬂ) y

Cost ($)
2

1 1 1 1 1 1 1 1 1 1 1 1 1 Jx
1234567 891011121314
Weight (ounces)

(b

-

One possible answer: It is similar because it is a step
function with discontinuities at integer values. It is dif-
ferent because its domain is (0, 13], it has one “step”
that is three times as long as the rest, and it is constant
on intervals of the form (k, k + 1] instead of [k, k + 1),
where k is an integer.

57. The Greatest Integer Function f(x) = int (x)

[-4.7,4.7] by [-3.1, 3.1]
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Domain: (-0, 0)

Range: all integers

Continuity: There is a discontinuity at each integer
value of x.

Increasing/decreasing behavior: constant on intervals of
the form [k, k + 1), where k is an integer

Symmetry: none

Boundedness: not bounded

Local extrema: Every non-integer is both a local

minimum and local maximum.

Horizontal asymptotes: none

Vertical asymptotes: none

End behavior: int(x) — —ocoasx — —oo and
int(x) — ocoasx — oo.

58. False. Because the greatest integer function is not one-to-
one, its inverse relation is not a function.

59. True. The asymptotes are x = 0 and x = 1.

;_<5,—4S4cosxs4,
1 + e*

and int(x — 2) takes only integer values. The answer is A.

1
60. Because 3 — ;7&3,0 <

1
61. 3 <3 + ———, < 4.The answer is D.

1+ e

62. By comparison of the graphs, the answer is C.

63. The answer is E. The others all have either a restricted
domain or intervals where the function is decreasing or
constant.

64. (a) Answers will vary.

(b) In this window, it appears that Vx < x < x%

[0,30] by [0, 20]

(©

[0,2] by [0,1.5]

(d) On the interval (0, 1), x> < x < V.
On the interval (1,00), Vx < x < x°.
All three functions equal 1 when x = 1.

65. (a) A product of two odd functions is even.
(b) A product of two even functions is even.

(¢) A product of an odd function and an even function is
odd.

66. Answers vary.

67. (a) Pepperoni count ought to be proportional to the area

of the pizza, which is proportional to the square of the

radius.

Section 1.4 Building Functions from Functions 45

(b) 12 = k(4)?
12 3
161" 0.75

(¢) Yes, very well.

(d) The fact that the pepperoni count fits the expected
quadratic model so perfectly suggests that the pizzeria
uses such a chart. If repeated observations produced
the same results, there would be little doubt.

68. (a) y=¢*andy = Inx
1
(b)y:xandy:;

(¢) With domain [0, 00), y = x? becomes the inverse of
y = Vx

1
69. (a) Atx =0, < does not exist, e* = 1, In x is not defined,

cos x = 1,and — = 1.
1+e™*
() for f(x) = x, f(x +y) =x+y=f(x)+ f(y)
() for f(x) = e, f(xy) = &% = e’ = f(x) - f(y)
(d) for f(x) = Inx, f(x + y) = In(xy) = In(x) + In(y)
=f(x) + ()

. 1 .
(e) the odd functions: x, x>, —, sin x
X

B Section 1.4 Building Functions from
Functions

Exploration 1

+3
Iff:2x—3andg:x

, then
fogzz(x;rS)_3:x+3_3:x.
Iff=|2x+4|andg=(x_2)2ﬂ’
then fog = ‘Z(W)+4‘

=|(x =2)(x +2) + 4 =|x*— 4+ 4] =¥ =~

Iff= \/;andg =x’thenfog = V2 = |x|. Note, we use
the absolute value of x because g is defined for

—00 < x < 00, while fis defined only for positive values of
x. The absolute value function is always positive.

If f = ¥’ and g = x*%, then fo g = (x%0)° = ¥

If f =x —3and g = In(e’x), then fo g = In(e’x) — 3 =
In(¢’) +Inx —3=3lne+Inx—-3=3+Inx—-3=Inx

If f =2sinxcosxandg =§,thenfog =251n§cos§=

sin(Z(g)) = sin x. This is the double angle formula

(see Section 5.4). You can see this graphically.

Flotl Fletz Flots
“BZ2sinCH 2 cos
CHA2D
sNe=
M=
sNy=
wNe=
“NE=

[0, 2] by [-2, 2]
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Iff=1-2x*and g = sin(%),

then fog=1— 2<Sin2<%)) = COS(Z(%)) = COSs X.

(The double angle formula for cos 2x is cos 2x = cos’ x —
sin? x = (1 — sin? x) — sin? x = 1 — 2 sin® x. See Section 5.4.)
This can be seen graphically:

Flotl Flotz Flots
x‘é-'1 BE-Z2(=sintK 22

EI»‘.-':= H\\

nNa=
wy=
nNe=
~Ne=

[0, 27] by [-2, 2]

f 8 fog
2x — 3 xt3 X
2
\2x + 4| G-2x+2) 2)2(x +2) X
Vi x ||
I 106 B
x—3 In(e*x) In x
. X .
2 sin x cos x > sin x
1—2x° sin %) cos x
Quick Review 1.4
1. (=00, =3) U (=3, o) 2. (1, 00)
3. (o0, 5] 4. (1/2, )
5. [1,00) 6. [-1,1]
7. (—00, ) 8. (—00,0) U (0, 0)
9. (-1,1) 10. (—o0, o)

Section 1.4 Exercises

1.

2.

f+gx)=2x—-1+x%(f —gx)=2x—1—x%
(fe)(x) = (2x — 1)(x?) = 22° — &
There are no restrictions on any of the domains, so all
three domains are (—co, c0).
(f+8)x)=(x—-1P+3-x=
¥ -2x+1+3—-x=x>—-3x+4
(f = g)(x) = (x—1)2 =3+ x =
X=2x+1-3+x=x>—-x-2;
(f&)(x) = (x = 13 = x) = (x = 2x + 1)(3 - x)
32 —x—6x+2x*+3 —x
=—x3+ 5% —7x + 3.
There are no restrictions on any of the domains, so all
three domains are (—oco, c0).

(/) =~

- (f/g)(x) =

- (f/g)(x) =

(f + 8)(x) = Vx +sinx; (f - g)(x) = Vx —sinx;

(fg)(x) = Vx sin x.

Domain in each case is [0, c0). For Vx, x = 0. For sin x,
—00 < x < o0.

L (f+g)(x) = Vx+5+ |x+3;

(f —g)(x)=Vx+5—I|x+3;

(fg)(x) = Vax +5|x + 3.

All three expressions contain Vx + 5,s0x + 5=0
and x = —5; all three domains are [—5, 00).

For |x + 3|,—00 < x < 0.

\/ +
x73;x+3 = (Qand x # 0,
so the domain is [—3, 0) U (0, c0).
2
X

(g/f)(x) = Vi3

; x + 3 = 0, so the domain is (=3, c0).

-(f/g)(x)_%_\/i;j;x—2>0 and

x +4>0,50x = 2and x > —4; the domain is [2, ).

(g/f)(x)va%:\/g;x+4zo and

x —2>0,50x = —4 and x > 2; the domain is (2, 00).
2
- The denominator cannot be zero
X

and the term under the square root must be positive, so
1 — x? > 0. Therefore, x> < 1, which means that
—1 < x < 1. The domain is (-1, 1).

42
(8/)(x) =~

. The term under the square root

must be nonnegative,so 1 — x> = 0 (or x*> < 1). The
denominator cannot be zero, so x # 0. Therefore,
—1=x<0o0r0 < x =1.The domain is [—1,0) U (0, 1].
3
V1-x3
1 — x*> # 0 and x> # 1. This means that x # 1. There are
no restrictions on x in the numerator. The domain is
(=00, 1) U (1, 00).
V1-x3
(8/P)(x) = ~—5

x> # 0 and x # 0.There are no restrictions on x in the
numerator. The domain is (—00, 0) U (0, 00).

10.

. The denominator cannot be 0, so

. The denominator cannot be 0, so

[0, 5] by [0, 5] [-5,5] by [-10,25]
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(F=8)(3) = f(8(3)) = f(4) = 5
(82 £)(2) = g(f(-2) = ¢(=T) = =6
(F+8)3) = F(83) = £3) = &
(82 1)(2) = 8(/(-2)) = g(3) = 3
(Fo)0) = (g3 = f(V3+ 1) = @) = 2 +4 =5
(82 1)(-2) = g(F(-2)) = g((=2)" + 4)

—g(8) =\/8+1=3
(F=8)(3) = F(8(3)) = £(0 = F) = £(0) = 54 = O

-2

(8:1)(2) = 872 = 85 o)

=g(2)=9-22=5
flgx))=3(x—-1)+2=3x-3+2=3x—1
Because both f and g have domain (—oo, 00), the domain
of f(g(x)) is (—o00, 0).
g(f(x)) = (3x +2) — 1 = 3x + 1; again, the domain is
(—00, 0).

1 \? 1
= — 1 =
e = (1) 1= o
of gis x # 1, while the domain of f is (—co, c0), so the
domain of f(g(x))is x # 1,0r (—oo, 1) U (1, 00).
1 1
8(f(x)) = ==

(*-1)-1

The domain of f is (—oo, c0), while the domain of g is
(—o0,1) U (1,00),s0 g(f(x)) requires that f(x) # 1.This
means x> — 1 # 1, or x> # 2, s0 the domain of g(f(x)) is

x # £V2,0r (—00, —V2) U (-V2, V2) U (V2, ).
flgx))=(Vx+1)? —2=x+1-2=x— 1.The

domain of g is x = —1, while the domain of f is (—o0, ),
so the domain of f(g(x))isx = —1, or [-1, 00).

g(f(x)) = \/(x2 -2)+1= V/x* — 1.The domain of f
is (—o0, 00), while the domain of g is [-1, c0), so g(f(x))
requires that f(x) = —1.

This means x> — 2 = —1, or x> = 1, which means

x = —1 or x = 1. Therefore the domain of g(f(x)) is
(o0, =11 U [1, 00).

— 1. The domain

1
flg(x)) = ﬁ.The domain of g is x = 0, while the

domain of f is (—o0,1) U (1, 00), so f(g(x)) requires that
x = 0and g(x) # 1,or x = 0,and x # 1. The domain of
f(g(x))is [0, 1) U (1, 00).

B0 = 7o = =

x # 1, while the domain of g is [0, o), so g(f(x))
requires that x # 1 and f(x) = 0,or x # 1 and
1

The domain of f is

= (. The latter occurs if x — 1 = 0, so the

Zlcor_nain of g(f(x)) is (1, 00).

flg(x)) = f(V1I=-x") = (V1 -2 =1-x%
the domain is [-1, 1].

g(f(x)) = g(@) = V1 — (&) = V1 - a%

the domain is [-1, 1].

Flg(x) = F(V1T =) = (V1 - PP =1- %

the domain is (=00, Oo).

21.

22

23.
24.
25.
26.
27.
28.
29.
30.

31.

32.

33.

34.

- f(g(x)) = f(

Section 1.4 Building Functions from Functions 47

g(f(x)) = =V1- () =V1-2

the domain is (—00, 00).

1 1 1 3x

f(g(x)) = f(i) T 2(13x)  253x 2
00,0) U (0, 00).

1 1 1 2x

8(f(x)) = g(Zx) T 3(1/2x)  3/2x 3
the domain is (—00, 0) U (0, ).

the domain is (—

1 )_ 1 B
x—1) (1/(x—1)+1
1 1 x—1

I+ @x-0)/(x—1) -

Cx/(x-1)  x
the domain is all reals except 0 and 1.

g”””=gﬁjn>=0ﬂxfn>—1=
1 _ 1 _x+1

1+ (x-1)/(x+1) x/(x+1) x

the domain is all reals except —1 and 0.

Vxand g(x) = x* — 5x.

(x + 1)%and g(x) = x°.

One possibility: f(x) = |x| and g(x) = 3x — 2.

1/xand g(x) = x> — 5x + 3.

¥ +2and g(x) = x — 3.

One possibility: f(x) =
One possibility: f(x

One possibility: f(x

One possibility: f(x e* and g(x) = sin x.

Vr

One possibility: f(x) = x*> + 1 and g(x) = tan x.

One possibility: f(x cosx and g(x) =

(x) =
(x)
(x)
One possibility: f(x)
(x)
(x) =
(x)

V=—mr= 577

r = 48 + 0.03¢ in., so 3

(48 + 0.031)%;
when ¢t = 300,

4
V = 3748 + 9)° = 2469247 =~ 7757346 in’.

The original diameter of each snowball is 4 in, so
the original radius is 2 in. and the original volume

4
V= gwr3 ~ 33.5 in®. The new volume is V = 33.5 — 1,

where ¢ is the number of 40-day periods. At the end
of 360 days, the new volume is V = 33.5 — 9 = 24.5.

4 3V
Since V = —mr3, we know that r = \3/> ~ 1.8 in.
3 4ar

The diameter, then, is 2 times r, or = 3.6 in.

The initial area is (5)(7) = 35 km? The new length and
widthare/ =5 +2tandw =7 + 2t,s0 A = [lw =

(5 + 2t)(7 + 2t).Solve (7 + 2t)(5 + 2t) = 175

(5 times its original size), either graphically or
algebraically: the positive solution is ¢t ~ 3.63 sec.

The initial volume is (5)(7)(3) = 105 cm®. The new
length, width, and height are / = 5 + 2t,w = 7 + 2t, and
h = 3 + 2t,s0 the new volume is V =

(5 + 2t)(7 + 2t)(3 + 2t). Solve graphically

(5 + 26)(7 + 2t)(3 + 2t) = 525 (5 times the

original volume): ¢t ~ 1.62 sec.
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35.

36.

37.
38.
39.
40.
41.

42.

43.

4.
45.

46.

47.

48.

49.

50.

51.

Chapter 1 Functions and Graphs

3(1) +4(1) =3 +4=T#5
3(4) +4(-2) =12 -8 =4#5
33) +4(-1)=9 — 4 =

(5 + (1)*=25+1=26+#25

32+ 4)?*=9+16=25

(0> + (=5)>=0+25=25

e answer is (3,4) and (0, —5).

¥ =25-2%y=\V25—Pandy = —\V25 — *
=25—-—x,y=V25 —xandy = —-V25 — x

y
Yy =x*—25y=Vx>*—25andy = —Vx?* - 25
v
x +

=

3x2 =25,y = V3x> = 25and y = —V3x* — 25

y=1=|y|=-x+1=y=—-x+1or
—(—x+1).y=1—-xandy=x—1

‘<

x7|y|=1=|y|=xfl=y=xflor
y=-(x—-1)=-x+1l.y=x—-1landy=1—-x
yy=x*=y=xandy=—xory=|x|and y = —|x]

Y=x=y= \/;andyz—\/;

False. If g(x) = 0, then (g)u) is not defined and 0 is

not in the domain of (g)(x) even though 0 may be in

the domains of both f(x) and g(x).

False. For a number to be in the domain of (fg)(x), it
must be in the domains of both f(x) and g(x), so that
f(x) and g(x) are both defined.

Composition of functions isn’t necessarily commutative.

The answer is C.

g(x) = V4 — x cannot equal zero and the term under
the square root must be positive, so x can be any real
number less than 4. The answer is A.

(fef)x) =f(x@+1)= (¥ +1)7+1=

(x* + 2x* + 1) + 1 = x* + 2x* + 2. The answer is E.

y=lx[=y=xy=-xy=-x=x=-y;x=—yor

x = y=>x?> = y%. The answer is B.
If f(x) = e* and g(x) = 21n x, then f(g(x))

= ¢2In¥ = ()2 = 2 The domain is (0, ).

If f(x) = (x¥* + 2)*and g(x) = \/x — 2, then
fle(x) = f(Vx =2) = (Vx =2 +2)* =
(x — 2 + 2)% = x% The domain is [2, ).

If f(x) = (x* — 2)?and g(x) = \/2 — x, then
F(8(x) = F(V2 = x) = (V2= 2 = 2)° =
(2 — x — 2)* = x* The domain is (—0o0, 2].

If f(x)

1
=——5and g(x) = , then
¥ —

= f(2Inx)

52.

53.

54.

1 1
—— == x2. The domain is x # 0.
<x+17—)c> 1
X x?

If f(x) = x> — 2x + 1 and g(x) = x + 1, then

flgx) =flx+1)=(x+1P>-2x+1)+1=
((x + 1) — 1)> = x% The domain is(— o0, c0).
If f(x) = (x : 1)2 and g(x) = ; i 1 , then

! +1 ’

reen = (1) - | 21— -

x—1
14+ x—1\?
-1
ol N = x%. The domain is x # 1.
x—1
f g D
e’ 2Inx (0, )
o +2)7 Vx—2 [2, ®)
»?-2)7 2—x (=20, 2]
(x—ll)z xl_l x#0
X =2x+1 x+1 (—00, )
2
(x+1) 11 ]
X X —

@ (fo)(x) =x'—1=(+1)(x*—1) =
F(x)-(x* = 1),50 g(x) = x* — 1.
b) (f+8)(x)=3=3> - (X +1)=2"-1=
(x).
(©) (f/g)(x) = 1=f(x) = g(x).So g(x) = x* + L.
) f(g(x)) =9x* + 1and f(x) = x> + L. If g(x) =
3x%, then f(g(x)) = f(3x?) =
(e) g(f(x)) = 9x* + 1and f(x) = x* + 1. Then
g+ 1) =%t +1=9((x*+1)— 1) +1,
sog(x) =9x— 172 +1
@ (f +g)(x) = (g + f)x) = f(x)if g(x) = 0.
M) (fg)(x) = (gf)(x) = f(x)if g(x) = 1.
(© (feog)(x) =(gof)(x) = f(x)if g(x) = x

Yes, by definition, function composition is associative.
Thatis, (f o (g ° h))(x) = f(g(h))(x) and
((fog8)eh)(x) = f(g(h))(x).

oQ
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55. y* + x*y — 5 = 0. Using the quadratic formula,

x>+ V(x*)? = 4(1)(-5)
r = 2
-2+ Vx*+20
2

-2+ Vx*+20
SO, y; = 5

—x> = Vx* + 20
and y, = -

.
/M

[~9.4,94] by [62,62]

M Section 1.5 Parametric Relations
and Inverses

Exploration 1

1. T starts at —4, at the point (8, —3). It stops at T = 2, at the
point (8, 3). 61 points are computed.

2. The graph is smoother because the plotted points are
closer together.

3. The graph is less smooth because the plotted points are
further apart. In CONNECT mode, they are connected by
straight lines.

4. The smaller the Tstep, the slower the graphing proceeds.
This is because the calculator has to compute more X
and Y values.

5. The grapher skips directly from the point (0, —1) to the
point (0, 1), corresponding to the T-values T = —2 and
T = 0. The two points are connected by a straight line,
hidden by the Y-axis.

6. With the Tmin set at —1, the grapher begins at the point
(=1, 0), missing the bottom of the curve entirely.

7. Leave everything else the same, but change Tmin back to
—4 and Tmax to —1.

Quick Review 1.5

+6 1
a =§x+2

1.3y =x+6,s0y =

2.0.5y=x—1,soy=XT_51=2x—2
3.y =x—-4s0y==xVx -4
4.y’ =x+6s0y=+Vx+6
5. x(y + 3)

xy + 3x

y—2
xy—y=-3x-2

49

Section 1.5 Parametric Relations and Inverses
y(x —1) = =(3x + 2)
. 3x+2 3x+2
y_ix—l_l—x
6. x(y +2) =3y —1
xy +2x =3y —1
xy — 3y = 2x — 1
y(x —3) =—-(2x + 1)
o 2x+1 2x+1
y__x—3_3—x
7.x(y —4) =2y +1
xy —4x =2y +1
xy —2y =4x +1
y(x —2) =4x + 1
_dx+1
yifo
8 x(3y —1) =4y +3
3xy —x =4y +3
3xy —4y =x+3
y(3x —4) =x+3
_x+3
Y T4

9. x=Vy+3,y=-3[andx = 0]
¥=y+3,y=-3andx =0
y=x}-3,y= -3 andx =0

10. x=Vy—2,y=2[andx = 0]
¥=y-2y=2andx =0

y:x2+2,y22,andx20

Section 1.5 Exercises

1L x =3(2) =6,y =22 + 5 = 9. The answer is (6, 9).

2. x=5(-2)—7=-17,y =17 — 3(-2) = 23. The
answer is (=17, 23).

3. x=3>—4(3) =15,y = V3 + 1 = 2. The answer is
(15,2).

1 1

4. x=|-8+3|=5y=—=—.

x= | I=s5y=5= 7

1
The answer is (5, _8)'

5. (a) t |(x,y)=(2t,3t — 1)
-3 (—6,-10)
-2 (—4,-7)
-1 (—2,—4)
0 (0,-1)
1 (2,2)
2 (4,5)
3 (6,8)

(b)t= g, y = 3(%) — 1 = 1.5x — 1.This is a function.
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(©

6. (a)

/
A

[-5. 51 by [-3, 3]
L (y)=(@+1,2-2)
-3 (—2,15)
-2 (—1,8)
-1 (0,3)
0 (1,0)
1 (2,-1)
2 (3,0)
3 (4,3)

b)t=x—-1y=(x—12>-2(x—1)

(©)

7. (a)

(b) t = y + 2,x = (y + 2)% This is not a function.

(©)

8. (a)

=x2—-2x+1-2x+2
X —4x +3
This is a function.

l

[-1, 5] by [-2, 6]

t|(x,y) = (At -2)
-3 (9,-5)
-2 (4,-4)
-1 (1,-3)

0 (0,-2)

1 (1,-1)

2 (4,0)

3 (9,1)

[ —

[-1,5]by [-5.1]

t |(x,y) = (Vt,2t—5)
-3 V=3 not defined
—2| V=2 not defined
-1 V—1 not defined
0 (0,-5)
1 (1,-3)
2 (V2,-1)
3 (V'3,1)

(b) t = x%, y = 2x* — 5.This is a function.

N

[-2, 4] by [-6, 4]

9. (a) By the vertical line test, the relation is not a function.

(b) By the horizontal line test, the relation’s inverse is a
function.

10. (a) By the vertical line test, the relation is a function.

(b) By the horizontal line test, the relation’s inverse is not
a function.

11. (a) By the vertical line test, the relation is a function.

(b) By the horizontal line test, the relation’s inverse is a
function.

12. (a) By the vertical line test, the relation is not a function.
(b) By the horizontal line test, the relation’s inverse is a

function.
13.y=3x - 6= x=3y—6
3y=x+6
+6 1
flE) =y =57 = x4 2i(oao0)
3 3
4.y =2x + 5= x=2y+5
2y =x -5
1 _ _x—5:l _ 3
o) =y=— x5
(=00, 00)
2x — 3 2y — 3
15. y = = =
Sy x +1 * y+1
x(y+1)=2y -3
xy+x=2y—-3
xy —2y=—-x—3
y(x —2)=—(x +3)
1 _ :_x+3:x+3.
) =y=—""5=5_7
(—00,2) U (2,00)
x+3 y+3
16. y = = =
) R

x(y=2)=y+3

xy—2x=y+3
xy—y=2x+3

y(x—1)=2x+3

2x + 3
-1 _ . — .
(%) y_x—l’

x#1or (—oo, 1)U (1, 00)

17.y=Vx -3, x=3,y=0=>
x=Vy—3, x=0,y=3
=y -3, x=0,y=3
Flx)=y=x*+3, x=0or|0,00)
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B.y=Vx+2,x=-2y=0=

x=Vy+2, x
x2=y+2, by
i)y =y=x"-2, x
19.y=x¥= x =y

20. y =
X =y3+5
X275:y3
F7i(x) =y = Va? = 5[0, 00)
21.y=\/3x+5=> x=\/3y+5
¥=y+5
i) =y =2 = 5 (-o0.00)
2.y=Vx-2= x=Vy-2
¥=y-2

23. One-to-one

w
T T T T T

11111,y

24. Not one-to-one
25. One-to-one

Y I — / 1 ) N —
5

26. Not one-to-one
27. f(g(x)) = 3{%()( + 2)} -2=x+2-2

1 1
g(f(x)) =3 =3

28. f(g(x)) = %[(4x -3)+3] = %(4)() = x;

[(B3x —2) + 2] Bx) =x

B0 =44+ 3] -3 =x+3-3-2

29. flg(x) =[x —DPP+1=x-11+1
=x—-1+1=ux
gf(x) =[(¥+1) =11V = ()P =x" =
7 7 x 7
0. f(g(0) =7 =15 = x5 g(f(¥) = 5 =
x x

33.

34.

3s.

36.
37.
38.

Section 1.5 Parametric Relations and Inverses 51

1+1
X —
(g - -yt )
1 1
x —1
=1l+x—-1=x
1 1 X
g(f(x))ierl x +1 X
-1 -1
X X
_ X oy
x+1—-x 1
2x+3+3 2x+3+3
fal )_x—l [ x-1 .(x—l)
8 =513 2x + 3 x -1
- -2
x—1 x—1
2x +3+3(x —1) sy
T +43-2x-1 5 °
2(X+§)+3
¥ —
g(f(x))—?
x—2
x+3
+
_ Z(x—Z) 3 .x—2
B x+3 x—2
x —2
2(x +3) +3(x —2) 5y
Cox+3-(x—-2) T s
(a) y = (0.76)(100) = 76 euros
(b) x = 2 B This converts euros (x) to dollars (y)
Y7076 19” v * )
48
(c)x—ﬁ—$63.16
(@) 9c(x) = 5(x — 32)
%c(x):x—32

9

gc(x) +32=x

In this case, c(x) becomes x, and x becomes ¢ !(x) for
9

the inverse. So, ¢ '(x) = 3 + 32.This converts

Celsius temperature to Fahrenheit temperature.

) (koc)(x) = k(c(x)) = k(% <x - 32))

5 5
§(x —32) +273.16 = ?* + 255.38. This is used to

convert Fahrenheit temperature to Kelvin temperature.
y = e*and y = In x are inverses. If we restrict the domain
of the function y = x* to the inﬁerval [0, ), then the
restricted function and y = \/x are inverses.

y = x and y = 1/x are their own inverses.
y = |l
y=x
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39. True. All the ordered pairs swap domain and range values.
40. True.This is a parametrization of the line y = 2x + 1.
41. The inverse of the relation given by x’y + 5y = 9 is the
relation given by y’x + 5x = 9.
(122) + 52)=2 + 10 = 12#9
(1)X(-2) + 5(-2)= -2 — 10 = —12#9
(2)%(-1) + 5(-1)= -4 — 5= -9#9
(-1%2) + 52)=2 + 10 = 12 # 9
(=2)%(1) + 5(1)=4+5=9
The answer is E.
42. The inverse of the relation given by xy> — 3x = 12 is the
relation given by yx> — 3y = 12.
(—4)(0)> = 3(-4)=0 + 12=12
(H(4)? = 31)=16 — 3 = 13 # 12
(2)(3)> = 32)=18 —6=12
(12)(2)% — 3(12) = 48 —36 =12
(=6)(1)2 — 3(—=6) = —6 + 18 =12
The answer is B.
43. f(x) =3x =2
y=3x-—-2
The inverse relation is
x=3y—2
x +2 =3y
x+2

The answer is C.
4., f(x)= x>+ 1
y = 2+ 1
The inverse relation is
x = y3 +1
x—1=3

Vi-1=y
i) = Va—1.

The answer is A.
45. Answers may vary.
(a) If the graph of f is unbroken, its reflection in the line
y = x will be also.
(b) Both f and its inverse must be one-to-one in order to
be inverse functions.
(¢) Since f is odd, (—x, —y) is on the graph whenever
(x, ) is. This implies that (—y, —x) is on the graph of
! whenever (x, y) is. That implies that £~! is odd.
(d) Let y = f(x). Since the ratio of Ay to Ax is positive,
the ratio of Ax to Ay is positive. Any ratio of Ay
to Ax on the graph of ! is the same as some ratio
of Ax to Ay on the graph of f, hence positive. This
implies that f! is increasing,
46. Answers may vary.
(a) f(x) = ¢* has a horizontal asymptote;
f1(x) = In x does not.
(b) f(x) = ¢* has domain (—o0, )
f'(x) = In x does not.

(¢) f(x) = €* has a graph that is bounded below;
f'(x) = In x does not.

2
@ f(x) ==

x = 5 because its graph is the line y = x + 5 with the

point (5, 10) removed. The inverse function is the line
y = x — 5 with the point (10, 5) removed. This func-
tion has a removable discontinuity, but not at x = 5.
% = % = % = 0.75, which gives us the slope
of the equation. To find the rest of the equation,
we use one of the initial points
y — 70 = 0.75(x — 52)
y =0.75x — 39 + 70
y = 0.75x + 31.

(b) To find the inverse, we substitute y for x and x for y,
and then solve for y:

5 . .
5 has a removable discontinuity at

47. (a)

x = 0.75y + 31
x — 31 = 0.75y
4
y = g(x - 31).

The inverse function converts scaled scores to raw scores.
48. The function must be increasing so that the order of the
students’ grades, top to bottom, will remain the same after
scaling as it is before scaling. A student with a raw score
of 136 gets dropped to 133, but that will still be higher
than the scaled score for a student with 134.
49. (a) It does not clear the fence.

[0, 350] by [0, 300]

(b) It still does not clear the fence.

e

[0,350] by [0, 300]

(¢) Optimal angle is 45°. It clears the fence.

[0,350] by [0, 300]

31.7 ﬁ
50. (a) xz(—(y—65)> +1
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=17 = (350 -)

30
Ji7 (x — DY =y - 65
30
Y =3 (x - DY + 65

This can be use to convert GPA’s to percentage grades.

(b) Yes; x is restricted to the domain [1, 4.28].
(c)

[65, 100] by [65, 100]
The composition function of (y © y™)(x)is y = x, so
they are inverses.

51. When k = 1, the scaling function is linear. Opinions will
vary as to which is the best value of k.

M Section 1.6 Graphical Transformations

Exploration 1

[=5,5] by [-5,15]
They raise or lower the parabola along the y-axis.

2.

[-5,5] by [-5,15]
They move the parabola left or right along the x-axis.

=
1

[-5,5] by [-5,15]

=

[-5,5] by [-5,15]

[-5,5] by [-5, 15]

/
\

[-5,5] by [-5,15]

Section 1.6  Graphical Transformations 53

=

(=5, 5] by [5,15]
Yes

o

[-3.7,5.7] by [-1.1,5.1]

Exploration 2
L \/\/

Graph C. Points with positive y-coordinates remain
unchanged, while points with negative y-coordinates are
reflected across the x-axis.

RN

L/

Graph A. Points with positive x-coordinates remain
unchanged. Since the new function is even, the graph for
negative x-values will be a reflection of the graph for
positive x-values.

T
[T

Graph F. The graph will be a reflection across the x-axis
of graph C.

YR\u

L/

Graph D. The points with negative y-coordinates in graph
A are reflected across the x-axis.

Exploration 3
1.

|

[~47,47] by [-1.1,51]

The 1.5 and the 2 stretch the graph vertically; the 0.5 and
the 0.25 shrink the graph vertically.

Copyright © 2015 Pearson Education, Inc.
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|

[—47.47)by [-1.1,51]

The 1.5 and the 2 shrink the graph horizontally; the 0.5
and the 0.25 stretch the graph horizontally.

Quick Review 1.6

1. (x + 1)

x — 3)?

x + 6)?

2x + 1)?

X =5/

(2x — 5)?

X —4dx+4+3x—6+4=x>—x+2

L2(x* +6x+9) —5x—15-2=

27+ 12x +18 —5x —17=2x"+Tx + 1

9. (x* —=3x*+3x—1)+3(x*—2x+1) —3x + 3
=X -3 +2+3%-6x+3=x—6x+5

10. 2(x* + 3x* +3x + 1) — 6(x> + 2x + 1) +
6x +6 —2=2x>+ 6x + 6x +2 — 6x° — 12x
—6+6x+6—-2=2x

(
(
(
(

® NS v R WD

Section 1.6 Exercises
1. Vertical translation down 3 units.
. Vertical translation up 5.2 units.
. Horizontal translation left 4 units.
. Horizontal translation right 3 units.
. Horizontal translation to the right 100 units.

. Vertical translation down 100 units.

N SN AW N

. Horizontal translation to the right 1 unit, and vertical
translation up 3 units.

8. Horizontal translation to the left 50 units and vertical
translation down 279 units.

9. Reflection across x-axis.
10. Horizontal translation right 5 units.

11. Reflection across y-axis.

12. This can be written as y=V—(x — 3)or y=V—x + 3.
The first of these can be interpreted as reflection across
the y-axis followed by a horizontal translation to the
right 3 units. The second may be viewed as a horizontal
translation left 3 units followed by a reflection across
the y-axis. Note that when combining horizontal changes
(horizontal translations and reflections across the y-
axis), the order is “backwards” from what one may first
expect: With y = V—(x — 3), although we first subtract
3 from x then negate, the order of transformations is
reflect then translate. With y = V—x + 3, although we
negate x then add 3, the order of transformations is
translate then reflect.

For #13-20, recognize y = ¢ * x* (¢ > 0) as a vertical stretch
(if ¢ > 1) or shrink (if 0 < ¢ < 1) of factor ¢c,and y = (c * x)°
as a horizontal shrink (if ¢ > 1) or stretch (if 0 < ¢ < 1)

of factor 1/c. Note also that y = (¢ * x)* = ¢’x%, so that for this
function, any horizontal stretch/shrink can be interpreted as an
equivalent vertical shrink/stretch (and vice versa).

13. Vertically stretch by 2.
14. Horizontally shrink by 1/2, or vertically stretch by 2° = 8.

15. Horizontally stretch by 1/0.2 = 5, or vertically shrink by
0.2> = 0.008.

16. Vertically shrink by 0.3.

17. g(x) = Vx — 6 + 2 = f(x — 6); starting with f,
translate right 6 units to get g.

18. g(x) = —(x + 4 — 1)> = —f(x + 4); starting with f,
translate left 4 units, and reflect across the x-axis to get g.

19. g(x) = —(x + 4 — 2)* = —f(x + 4); starting with f,
translate left 4 units, and reflect across the x-axis to get g.

20. g(x) = 2|2x| = 2f(x); starting with f, vertically stretch by
2 to get g.

21. v

23. }’
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24,

25.
26.

27.

28.

29.

30.

31

32.

33.

34.

8
h

/ f
o

Since the graph is translated left 5 units, f(x) =

Vx + 5.

The graph is reflected across the y-axis and translated
right 3 units. y = V/—x would be reflected across the
y-axis; the horizontal translation gives
f(x)=V-(x-3)=V3—x.

See also Exercise 12 in this section, and note accompany-
ing that solution.

The graph is reflected across the x-axis, translated left

2 units, and translated up 3 units. y = —V/x would be
reflected across the x-axis, y = —Vx + 2 adds the
horizontal translation, and finally, the vertical translation

gives f(x) = —Vx+2+3=3—- Vx +2.

The graph is vertically stretched by 2, translated left

5 units, and translated down 3 units. y = 2Vx would be
vertically stretched, y = 2Vx + 5 adds the horizontal
translation, and finally, the vertical translation gives

f(x) =2Vx+5-3.
@y=-f(x)= —(x3 —5x* — 3x + 2)

=X +5%2+3x -2
(b) y = f(=x) = (=x)° = 5(—x)’ = 3(—x) + 2

=—x3 =5+ 3x +2
@y=—f(x)=-Q2Vx+3-4)=-2Vx +3+4
b)y=f(—x)=2V-x+3-4=2V3—-x—4
@ y=—f(x) = —(V8x) = —2Vx
(b) y = f(-x) = V8(—x) = V-8x = —2V/x

@ y=—f(x) = =3fx + 5|

() y = f(=x) = 3|-x + 5[ = 3|5 — x|

Let fbe an odd function; that is, f(—x) = —f(x) for all

x in the domain of f. To reflect the graph of y = f(x)
across the y-axis, we make the transformation y = f(—x).
But f(—x) = —f(x) for all x in the domain of f, so this
transformation results in y = —f(x). That is exactly the
translation that reflects the graph of f across the x-axis, so
the two reflections yield the same graph.

Let f be an odd function; that is, f(—x) = —f(x) for all

x in the domain of f. To reflect the graph of y = f(x)
across the y-axis, we make the transformation y = f(—x).
Then, reflecting across the x-axis yields y = —f(—x). But
f(=x) = —f(x) for all x in the domain of f, so we have

y = —f(=x) = —=[-f(x)] = f(x); that is, the original
function.

35.

36

37

38,

39.

40.

41.

42.

43.

44.

45.

Section 1.6  Graphical Transformations 55

111\/1‘\

y

A(;
7&

T T T T T

<

y

11\/1\/

(a) y; =2y =2(x* — 4x) = 2x° — 8x
() y, = £ = f(3x) = (3x)° — 4(3x) = 27x° — 12x
3

T T T T

(@) y1 =2y = 2Jx + 2|

(b) y, = f(3x) = 3x + 2|

@y =2y=2(x**+x—-2)=2x*+2x — 4
b))y, = f3x) = Bx)*+3x —2=9x+3x — 2

1 2
_2y_2(x+2)_x+2

(b) y, = f(3x) =

(@) yi

3x+2

Starting with y = x°, translate right 3 units, vertically
stretch by 2, and translate down 4 units.

Starting with y = V/x, translate left 1 unit, vertically
stretch by 3, and reflect across x-axis.

1
Starting with y = x? horizontally shrink by 3 and

translate down 4 units.
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46. Starting with y = |x|, translate left 4 units, vertically
stretch by 2, reflect across x-axis, and translate up 1 unit.

47. First stretch (multiply right side by 3): y = 3x%, then
translate (replace x with x — 4):y = 3(x — 4)%

48. First translate (replace x with x — 4):y = (x — 4)?, then
stretch (multiply right side by 3): y = 3(x — 4)%

49. First translate left (replace x with x + 2):y = |[x + 2|,
then stretch (multiply right side by 2): y = 2|x + 2|,
then translate down (subtract 4 from the right side):
y=2x+2 —4

50. First translate left (replace x with x + 2):y = |x + 2|,
then shrink (replace x with 2x): y = [2x + 2,
then translate down (subtract 4 from the right side):

y = [2x + 2| — 4.This can be simplified to
y=]2x+1)]—-4=2x+1 — 4

To make the sketches for #51-54, it is useful to apply the

described transformations to several selected points on the

graph. The original graph here has vertices (-2, —4), (0, 0),

(2,2),and (4, 0); in the solutions below, the images of these

four points are listed.

51. Translate left 1 unit, then vertically stretch by 3, and
finally translate up 2 units. The four vertices are
transformed to (=3, —10), (-1, 2), (1, 8), and (3, 2).

y

./

-5

TTT1 T1
DB N

©
w
b
-
=

&

52. Translate left 1 unit, then reflect across the x-axis, and
finally translate up 1 unit. The four vertices are trans-
formed to (=3, 5), (-1, 1), (1, —1), and (3, 1).

1
53. Horizontally shrink by > The four vertices are

transformed to (-1, —4), (0, 0), (1,2), (2, 0).

54.

55

56

57

58

59

6

=

61

62

63.

64.

7I_ | I S 1 | I — X

Translate right 1 unit, then vertically stretch by 2, and
finally translate up 2 units. The four vertices are trans-
formed to (-1, —6), (1, 2), (3, 6), and (5, 2).

Reflections have more effect on points that are farther
away from the line of reflection. Translations affect the
distance of points from the axes, and hence change the
effect of the reflections.

The x-intercepts are the values at which the function equals
zero. The stretching (or shrinking) factors have no effect on
the number zero, so those y-coordinates do not change.

9
First vertically stretch by 5 then translate up 32 units.

Solve for C: F = %C +32,50C = g(F -32) =

5 160 5
§F -9 First vertically shrink by ¥ then translate

1 _
down ? = 17.7 units.

False.y = f(x + 3)is y = f(x) translated 3 units to the
left.

True. y = f(x) — c represents a translation down by

¢ units. (The translation is up when ¢ < 0.)

To vertically stretch y = f(x) by a factor of 3, multiply
the f(x) by 3. The answer is C.

To translate y = f(x) 4 units to the right, subtract 4 from
x inside the f(x). The answer is D.

To translate y = f(x) 2 units up, add 2 to f(x):

y = f(x) + 2. To reflect the result across the y-axis,
replace x with —x. The answer is A.

To reflect y = f(x) across the x-axis, multiply f(x) by
—1: y = —f(x). To shrink the result horizontally by a

1 . .
factor of > replace x with 2x. The answer is E.
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65. (a)

[-1, 13] by [30, 40]

(b) Change the y-value by multiplying by the conversion
rate from dollars to yen, a number that changes
according to international market conditions. This
results in a vertical stretch by the conversion rate.

66. Apply the same transformation to the Ymin, Ymax, and
Yscl as you apply to transform the function.

67. (a) The original graph is on the left; the graph of

y = |f(x)] is on the right.

VL

[-5,5] by [-10, 10] [-5,5] by [-10, 10]

(b) The original graph is on the left; the graph of

NN
VARY

[-5,5] by [-10, 10]

[-5,5] by [~10, 10]
© y

(d) y

Section 1.7 Modeling with Functions

68. (a) r[\
(—4.7,4.7] by [-3.1,3.1]
(b)
Pl e
S
[—4.7,4.7] by [-3.1,3.1]
(c) /’\
—4.7,47) by [-3.1,3.1]
(d)

[—4.7,4.7] by [-3.1,3.1]

x =2cost
y =sint

x =3cost
y =3sint
x =4cost
y =2sint

M Section 1.7 Modeling with Functions

Exploration 1

/\

n=3;d=0

A
o

n=5;d=5
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n=6; d=9
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n=10; d=35

[3,11] by [0, 40]

. quadratic, cubic, and quartic

. The best-fit curve is quadratic: y = 0.5x> — 1.5x. The

cubic and quartic regressions give this same curve.

. Since the quadratic curve fits the points perfectly, there is

nothing to be gained by adding a cubic term or a quartic
term. The coefficients of these terms in the regressions
are zero.

.y = 0.5x* — 1.5x. At x = 128,

y = 0.5(128)% — 1.5(128) = 8000

Quick Review 1.7

1.
2.
3.

4

5.

10.

h =2(A/b)
h =V /(mr?)
h =3V /(wr?)
_
" 4
_ A
"= dar
P 20 A
2ar 2mr
t=1/(Pr)
—nt
S - A(l + 1)
(1 +r/n)" n
2(H — s)
=
8

Section 1.7 Exercises

1.
2. 3(x +5)

3. 0.17x

4.

5. A= 4w = (x +12)(x)

12.
13.

14.

15.

16.

17.

3x +5

0.05x + 4

. A= 1bh = 1(x)(x +2)

2 2

. x + 0.045x = (1 + 0.045)x = 1.045x

. x — 0.03x = (1 — 0.03)x = 0.97x

. x — 0.40x = 0.60x

. x + 0.0875x = 1.0875x

. Let C be the total cost and n be the number of items

produced; C = 34,500 + 5.75n.

Let C be the total cost and n be the number of items
produced; C = (1.09)28,000 + 19.85n.

Let R be the revenue and n be the number of items sold;
R = 3.75n.

Let P be the profit, and s be the amount of sales; then
P = 200,000 + 0.12s.

The basic formula for the volume of a right circular
cylinderis V = ar*h, where r is the radius and 4 is
height. Since height equals diameter (A = d) and the
diameter is two times r (d = 2r), we know h = 2r.
Then, V = 7r?(2r) = 2mr°.

Let ¢ = hypotenuse, a = “short” side,and b = “long”
side. Then ¢®> = @* + b* = a* + (24)* = & + 4a* = 54,

soc = V54> = aV5.

Let a be the length of the base. Then the other two sides
of the triangle have length two times the base, or 2a. Since
the triangle is isoceles, a perpendicular dropped from the
“top” vertex to the base is perpendicular. As a result,

2 2 ]6a2_a2
2+(£) = 2 2y 4 _ 104 T a
h 2 (2a)?, or h* = 4a 1 2

154 1542  aV15 , , ,
=g oo =TT . The triangle’s area is

1 1 aV15 a*V15
=2\ )=y
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18.

19.

20.

2a 2a

a a

2 2
——aq———-

a\/15

h:2

Since P lies at the center of the square and the circle,
we know that segment PR = QR = RS. Let € be the
length of these segments. Then, €2 + €2 = 7%, 262 = r?

e g_ﬁ_r_r\/?
2’ 2 V2 2

Since each side of the square is two times €,

"2\,
2)2_

)

we know that s = 2¢ = <

Asaresult, A = s> = (r

Let r be the radius of the sphere. Since the sphere is
tangent to all six faces of the cube, we know that the
height (and width and depth) of the cube is equal

to the sphere’s diameter, which is two times r (2r).
The surface area of the cube is the sum of the area
of all six faces, which equals 2r « 2r = 4r% Thus,

A =6-4r* = 2472

—A ~

/// \ \\
] \ \
+1

[y A

2r i

/
e > 2r

From our graph, we see that y provides the height of our

. . b .
triangle,i.e., h = y when x = 5 Since y = 6 — x?

b\? p* 24 - b 24 — p?
—6—(5)—6—?— 2 Jh= Y

)
The area of the triangle is A = %bh = %b(24 b )

4
_24b -1
s

21.

22.

23.
24.
25.
26.
27.

28.

29.

30.

31.

32.

33.

Section 1.7 Modeling with Functions 59

24 -1
h= =200
! 2

Solving x + 4x = 620 gives x = 124, s0 4x = 496. The
two numbers are 124 and 496.

x + 2x + 3x = 714, s0 x = 119; the second and third
numbers are 238 and 357.

1.035x = 36,432, s0 x = 35,200.

1.039x = 203.3,s0 x = 195.7.

182 = 52t,sot = 3.5 hr.

560 = 45t + 55(t + 2),sot = 4.5 hours on local highways.
0.60(33) = 19.8; 0.75(27) = 20.25. The $33 shirt sells for
$19.80. The $27 shirt sells for $20.25. The $33 shirt is a
better bargain, because the sale price is cheaper.

Let x be gross sales. For the second job to be more
attractive than the first, we need

20,000 + 0.07x = 25,000 + 0.05x, 0.02x = 5000,

5000
=— =2 .
X 0.02 $250,000
Gross sales would have to be at least $250,000.
195613(1 + x) = 213299
195613x = 213299 — 195613
213299 — 195613

195613
There was a 9% increase in cell phone antennas.
30045(1 + x) = 51600
30045 = 51600 — 30045
_ 51600 — 30045
30045
There was a 72% increase in cell phone antennas.
(a) 0.10x + 0.45(100 — x) = 0.25(100).
(b) Graph y; = 0.1x + 0.45(100 — x) and y, = 25.
Use x ~ 57.14 gallons of the 10% solution and about
42.86 gal of the 45% solution.

T

[0, 100] by [0,50]

~ 0.090

~ 0.72

Solve 0.20x + 0.35(25 — x) = 0.26(25). Use x = 15 liters
of the 20% solution and 10 liters of the 35% solution.

(a) The height of the box is x, and the base measures
10 — 2x by 18 — 2x.
V(x) = x(10 — 2x)(18 — 2x)
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60

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chapter 1 Functions and Graphs

(b) Because one side of the original piece of cardboard
measures 10 in, 2x must be greater than 0 but less
than 10, so that 0 < x < 5. The domain of V' (x) is
(0,5).

(¢) Graphing V' (x) produces a cubic-function curve
that between x = 0 and x = 5 has a maximum at
approximately (2.06, 168.1). The cut-out squares should
measure approximately 2.06 in. by 2.06 in.

Solve 2x + 2(x + 16) = 136.Two pieces that are
x = 26 ft long are needed, along with two 42-ft pieces.

Equation of the parabola, to pass through (—16, 8) and

(16, 8):
y = kx?
= k (£16)?
8 1
k - =
256 32
_ Ll
YTt
y-coordinate of parabola 8 in from center:
1
=5 8)7=2
y=73,(8)

From that point to the top of the dishis 8 — 2 = 6in.

Solve 2x + 2(x + 3) = 54.This gives x = 12; the room
is 12 ft X 15 ft.

Original volume of water:
1 1
Vo= gwrzh = 577(9)2(24) ~ 2035.75 in®
Volume lost through faucet:
V, = time X rate = (120 sec)(5 in’/sec) = 600 in®
Find volume:
Vi=Vy—V,;=203575 — 600 = 1435.75
Since the final cone-shaped volume of water has radius

3
and height in a 9-to-24 ratio, or r = 3 h:

1 (3 3,
V= 37-r<8h> h o= omh’ = 143575

Solving, we obtain & ~ 21.36 in.
Solve 900 = 0.07x + 0.085(12,000 — x).

x = 8000 dollars was invested at 7%; the other $4000 was
invested at 8.5%.

Bicycle’s speed in feet per second:
(2 X 7 X 16 in/rot)(2 rot/sec) = 64 in/sec
Unit conversion:
1 1
4ar i — ft/i —— mi/f h
(64 1n/sec)(12 t/1n><5280 mi/ t)(3600 sec/hr)
~ 11.42 mi/hr

Solve 1571 = 0.055x + 0.083(25,000 — x).

x = 18,000 dollars was invested at 5.5%; the other $7000
was invested at 8.3%.

True. The correlation coefficient is close to 1 (or —1) if
there is a good fit. A correlation coefficient near 0 indi-
cates a very poor fit.

False. The graph over time of the height of a freely falling
object is a parabola. A quadratic regression is called for.

The pattern of points is S-shaped, which suggests a cubic
model. The answer is C.

4.

45.

46.
47.

48.

49.

50.

The points appear to lie along a straight line. The
answer is A.

The points appear to lie along an upward-opening
parabola. The answer is B.

The pattern of points looks sinusoidal. The answer is E.
(a) C = 100,000 + 30x

(b) R = 50x

(¢) 100,000 + 30x = 50x

100,000 = 20x
x = 5000 pairs of shoes
(d) Graph y; = 100,000 + 30x and y, = 50x; these
graphs cross when x = 5000 pairs of shoes. The point
of intersection corresponds to the break-even point,
where C = R.

Inkgrseckion

RSEOO0 L YSZEQOO0 .
[0,10000] by [0,400000]

Solve 48,814.20 = x + 0.12x + 0.03x + 0.004x. Then
48,814.20 = 1.154x, so x = 42,300 dollars.

(@) y; = u(x) = 125,000 + 23x.

(b) y, = s(x) = 125,000 + 23x + 8x = 125,000 + 31x.
(¢) y; = R,(x) = 56x.

@ y; = R(x) = 79x.

(e)

[0,10000] by [0,500000]

(f) You should recommend stringing the rackets; fewer
strung rackets need to be sold to begin making a profit
(since the intersection of y, and y, occurs for smaller x
than the intersection of y; and y3).

()

LI i e e e e |
]

[5, 66] by [305, 405]

(b) y = 1.52x + 296.74
(©) y = 2.06x + 266.36

(d) For 2015, x = 65.
The first model predicts that CO, concentration will
be 1.52(65) + 296.75 =~ 395.55 ppm

The second model predicts that CO, concentration
will be 2.06(65) + 266.36 ~ 400.26 ppm
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The two estimates differ by 400.26 ppm — 395.55 ppm
= 4.71 ppm. Although the smaller estimate is based
on more data, the larger estimate, based on more
recent data (and hence more reflective of current
conditions), is probably safer. Some might also point
out that a quadratic model is a better fit for the
1960-2011 data.

(e) Predicting y-values from x-values that are not close to
the data is risky, even when the regression line plot
seems to fit the data well, because the behavior of the
data could change significantly.

51. (a)

[0, 22] by [100, 200]

(b) List L3 = {112.3, 106.5, 101.5, 96.6, 92.0, 87.2, 83.1,
79.8,75.0,71.7, 68, 64.1, 61.5, 58.5, 55.9, 53.0, 50.8,
479,452,432}

(¢) The regression equation is y = 118.07 X 0.951%. It fits
the data extremely well.

[0,22] by [100, 200]

52. Answers will vary in (a)-(e), depending on the conditions
of the experiment.

(f) Some possible answers: the thickness of the liquid,
the darkness of the liquid, the type of cup it is in, the
amount of surface exposed to the air, the specific heat
of the substance (a technical term that may have been
learned in physics), etc.

H Chapter 1 Review
(d)
(f)
(i)
(h)
(b)
()
(2)
(©)
(a)
- (©)
. (@) (oo,
. (a) (—oo
- (@) (—00, 00)

b gx)=x*+2x+1=(x+ 1)
At x = —1, g(x) = 0, the function’s minimum.
The range is [0, 00).

R N Y

-
- o

0
0

) (b) (o0, 00)
) () (=00, 00)

p—
N

>

[y
w
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14. (a) (—o0, 00)
(b) (x —2)2=0forall x,so (x —2)> + 5 >5forall x.
The range is [5, ©0).
15. (a) (—o0, o0)
(b) |x| = 0 for all x, so 3|x| = 0 and 3|x| + 8 = 8 for all
x. The range is [8, ).
16. (a) We need V4 — x> = Oforall x,s04 — x*> = 0,
4 = ¥, -2 = x = 2. The domain is [-2,2].
() 0 = V4 — x*> = 2forall x, so
-2 = V4 — x* — 2 = 0 for all x. The range is

[—2,0].
x X
17. = = .x # 0and
@ f(x) ¥ —2x x(x—2) * an
x —2 # 0,x # 2. The domain is all reals except

0 and 2.

(b) For x > 2, f(x) > O0and for x < 2, f(x) < 0. f(x)
does not cross y = 0, so the range is all reals except 0.

18. (a) We need
VI—x*>09—-x*>09>x*-3<x<3.
The domain is (—3, 3).

1
(b) Since V9 — x> > 0,———— > 0. On the domain

V9 —x?
1
(—3,3),k(0) = 32 minimum, while k(x)
approaches co when x approaches both —3 and 3,
1
maximums for k(x). The range is (3 00).

19. Continuous

|
— |

[-7,3] by [-12, 8]

20. Continuous

/

[-5,5] by [-8,12]

21. (a) x> — 5x # 0, x(x — 5) # 0,50 x # 0 and x # 5.
We expect vertical asymptotes at x = 0 and x = 5.

(b)y=0

[~7.13] by [-10, 10]
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62 Chapter 1 Functions and Graphs

22. (a) x — 4 # 0, x # 4, so we expect a vertical asymptote
atx = 4.

3
(b) Since hm L 3and lim
cox —4 x——00 X —

= 3, we also

expect a horizontal asymptote at y = 3.

.
[

[-15,15] by [-15, 15]
23. (a) None

7
7x:7and

(b) Since lim
N/ X2 410

. Tx .
lim ———— = —7, we expect horizontal

=0 \/x2 + 10
asymptotesat y = 7and y = —7.

7

[-15, 15] by [10, 10]

24. (a) x + 1 # 0,x # —1, so we expect a vertical

asymptote at x = —1.
|« |
(b) im —— = 1and lim = —1, so we can
x—oo x + 1 x—-c0 x + 1
expect horizontal asymptotes at y = land y = —1.

[=6,4] by [5, 5]

/
/|

—4.7,4.7) by [-3.1,3.1]

26. |x — 1| = 0 when x = 1, which is where the function’s
minimum occurs. y increases over the interval [1, 00).
(Over the interval (—o0, 1], it is decreasing.)

[~3.7,5.7] by [0,6.2]

27. As the graph illustrates, y is increasing over the intervals

1,1),and (1, )

[-4.7,47] by [-3.1,3.1]

28. As the graph illustrates, y is increasing over the intervals
(=00, =2) and (-2, 0].

PARS

(1)

[-4.7,47] by [-3.1,3.1]

29. -1 =sinx = 1,but —00 = x = 00,50 f(x) is not

bounded.

[75’ 5] by [75’ 5]

30. g(x) = 3 at x = 1, a maximum, and g(x) = —3,
a minimum, at x = —1. It is bounded.

e
=

[~10,10] by [-5, 5]

3l. e = 0forallx,so —e*=0and5 — ¢* = 5 for all x.
h(x) is bounded above.

R

[-5,5] by [-10, 10]

32. The function is linear with slope ——

1000. Thus k(x) is not bounded.

1000 and y-intercept

[-5, 5] by [~999.99, 1000.01]
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33. (a) None (b) —7,atx = —1

/

[—6, 4] by [—10, 20]

34. (a) 2,atx = -1 (b) 2,atx =1

1
L

35. (a) —1,atx =0 (b) None

/i

[-5,5] by [10, 10]

by [~10, 10]

36. (a) 1,atx =2 (b) —1,atx = 2

-
—

[-10,10] by [5, 5]

37. The function is even since it is symmetrical about the y-axis.

||
\/I\/

[—4.7,4.7] by [-3.1,3.1]

38. Since the function is symmetrical about the origin, it is odd.

|
N

[~4.7,47] by [-3.1,3.1]

Chapter 1 Review 63

39. Since no symmetry is exhibited, the function is neither.

|
/|

[~135,335] by [-1.55,1.55]

40. Since the function is symmetrical about the origin, it is odd.

WA
JRAN

[~9.4,9.4] by [-6.2, 62]

-3
41.x=2y+3,2y:x—3,y=x2 , SO
o :x—3
i =557
2.x=Vy-8x=y-8y=x>+8, so
fix)=x*+8.
2 2 2
43. x = — =2,y =— -1 ==
3. x y,xy Y x,sof (x) P
44 8 (y+dx=6xy+ar=6 6—4
« X = . X = X X = Xy = - aX
y+4sy 7y 7)’ )
6 — 4x _ 6
y = ,sofl(x)=;—4.

X

45.
N /

7

[_Sa 5] by [_5’ 5}

N

[757 5] by [75’ 5}
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48.

49.

50.
51.

52.

53.

54.

5S.

56.

57.

58.

59.

Chapter 1 Functions and Graphs

[-5,5]by [-5,5]
No

|

[=5,5] by [-5,5]

x+3ifx=-1
o) = {x2+ lifx = —1
(feg)(x) = f(g(x)) = f(x* —4) = Vix? — 4.
Since x> —4=0,x*=4,x < —2o0rx = 2.
The domain is (—oo, =2] U [2, o0).
(8°/)(x) = 8(f(x)) = g(Vx) = (V) — 4 =
x — 4. Since Vx = 0, x = 0. The domain is [0, 00).
(f-8)(x) = f(x) - g(x) = V- (¥ = 4).
Since Vx = 0, the domain is [0, 00).

f ) vx
(g)(x) WO Since ¥* — 4 # 0,
(x +2)(x —2) #0,x # =2, x # 2. Also since
Vx =0, x = 0. The domain is [0,2) U (2, ).

lim Vx = . (Large negative values are not in the
X—>00
domain.)

HT \/x? — 4 = o0, (The graph resembles the line
X—> 400
y=x)

(s) (s) 257 [2s? s\/Z
r=|1—-]1+\1=-]= —, r = — = .
2 2 4 4 2

The area of the circle is

A ﬂ_(s\/Z)z _ 2mws® s’

2 4 2

—_— ———

sy2

r==

61.

62.

63.

64.

d=2r,r= g , so the radius of the tank is 10 feet.

Volume is V = 7r? - h = 7(10)? - h = 1007h.

—20 ft —

L
S

|
_____ |

The volume of oil in the tank is the amount of original oil
(7r?*h) minus the amount of oil drained.
V = ar’h — 2t = 7(10)% (40) — 2t = 40007 — 2t

—20 ft —

T
~——

h =40 ft

_——

Since V = 40007 — 2¢t, we know that
ar*h = 40007 — 2t. In this case, r = 10, so0
40007 — 2t t

1007h = 40007 — 2t, h = T 40 507"

—20 ft —

l—
S

h =40 ft

_—

Since the depth of the tank is decreasing by 2 feet per
hour, we know that the tank is losing a total volume of
V = @r’h = w(10)?(2) = 2007 cubic feet per hour.
The volume of remaining oil in the tank is the
amount of original oil subtracting the amount

which has been drained, or V = 40007 — 2007t.

This is a significantly higher loss than our solution in
Exercise 62!
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65. (a)

(b) The regression curve is y = 25.34x> — 122.22x +

|:||:|I:II:II:I

[0, 12] by [640, 3260]

1117.38.

[0, 12] by [640, 3260]

67. (a)r> + (g)z = (V3),

2

h=2V3-7

h=23-12
®) V = ar’h = (ar?)(2V3 = ?) = 20\V/3 — 12

(c) 25.34(16)* — 122.22(16) + 1117.38 = 5650 (thousands

66. (a)

(b) The linear model would eventually intersect the
x-axis, which would represent a swimmer covering
100 meters in a time of 0.00—a clear impossibility.

of barrels)

[55, 117] by [50, 63]

Chapter 1 Review

h
o3 R=12 =4 h = V12 - 4

(c) Since V3 —r2=0,3-r=0

3= -\V3i=r=1\V3

However, r = 0 are invalid values, so the domain is

[0, V3].

(d)

[0,Vv3] by [0,20]

(c) Based on the data, 52 seconds represents the limit

(e) For 2020, x = 120 and the model predicts y = 106.36 X
0.96'%° ~ 0.79. So, the winning time in 2020 will be
0.79 + 52 = 52.79 seconds. One way of measuring the

of female capability in this race. (Of course, future
conditions could determine a different model.) 68.

(d) The regression curve is y = 106.36 X 0.96".

[55, 117] by [-0.5, 11]

(e) 12.57 in®

y

y=36-x*

impressiveness of an Olympic record is to compare it [0, 6].
to the regression curve. The 1976 and 1980 times were

so far “below the curve” that they precipitated the (©
first international scandal over the looming impact of
anabolic steroids on sports.

[0,6] by [0, 180]

(a) A =2xy =2x(36 — x?) = 72x — 2x°
)36 —x>=0,(6—x)(6+x)=0-6=<x=6.
However, x < 0 are invalid values, so the domain is

65

(d) The maximum area occurs when x ~ 3.46, or an area
of approximately 166.28 square units.
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66 Chapter 1 Functions and Graphs

Chapter 1 Project

1.

. 2007: For x = 20, y

[—2,20] by [—1720, 12,000]

. The exponential regression produces

y ~ 27.88(1.428)".

~ 34,854
2008: For x = 21,y ~ 49,785

. The model, which is based on data from the early, high-

growth period of Starbucks Coffee’s company history, does
not account for the effects of gradual market saturation by

Starbucks and its competitors. The actual growth in the
number of locations is slowing while the model increases
more rapidly.

. The logistic regression produces

N 16,098
YT+ 43223003
. 2007: For x = 20, y = 12,617
2008: For x = 21, y ~ 13,516

These predictions are less than the actual numbers, but
are not off by as much as the numbers derived from the
exponential model were. For the year 2020 (x = 33), the
logistic model predicts about 16,060 locations, but 2020 is
too far outside the data set to inspire much confidence in
this prediction.
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