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CHAPTER 1
Preparation for Calculus

Section 1.1 Graphs and Models

1. To find the x-intercepts of the graph of an equation, 8 y=5-2x
let y be zero and solve the equation for x. To find the
y-intercepts of the graph of an equation, let x be zero
and solve the equation for y. y |7 513101

=3 (Y[

N

. Symmetry helps in sketching a graph because you need .
only half as many points to plot. Answers will vary. A

__3
3. Yy = —zx +3
x-intercept: (2, 0)
y-intercept: (0, 3)
Matches graph (b).

.y =9 - &7

x-intercepts: (=3, 0), (3, 0) x| 3| =2]0]|2]3

FS

y-intercept: (0, 3) y| 510 410 -5

Matches graph (d).

5.y =3-2x°
x-intercepts: (\/5 0), (—\/3 0)
y-intercept: (0, 3)

Matches graph (a).

6. y=x—x
x-intercepts: (0, 0), (=1, 0), (1, 0)
y-intercept: (0, 0) x|0|1[2]3]4 |5 |6

Matches graph (c). y|9(14(11]0]1 4 9

7.y:%x+2 y

x| 4| 21]10]|2]|4

ylo |1 [2]3]4
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12.

13.

14.

14

Section 1.1 Graphs and Models 3
15. y = 3
x
x| 3| 2 -1 10 1 2
3 3
y -1 -5 -3 Undef. 3 5
LLoyay
2 (2.3)
G, 1)
“3-n T
SRR
a4
\ 2 (2-3)
=L=-3)% T
1
16. y =
4 x+2
x| —6 -4 =3 -2 -1 |0 2
y| -5 | =3 | -1 | Undef | 1 11

17. y =~5—-x

(-4.00, 3)
(2,1.73)

-3

@ (2 9)=(2173) (y=-/5-2=3~17)
O (69 = (43 (=59

18. y = x° — 5x

6

(=0.5,2.47

|

v(l.—-@)

——=

-6

@ (-0.5, y) = (-0.5, 2.47)

(b) (x, —4) = (-1.65, —4) and (x, —4) = (1, —4)
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19.

20.

21.

22.

23.

24.

Chapter 1 Preparation for Calculus

y=2x-5
y-intercept: y = 2(0) — 5 = =5; (0, -5)

x-intercept: 0 = 2x — 5

5=2x
y=4x*+3

y-intercept: y = 4(0)2 +3=3;(0,3)

0=4x*+3
-3 = 4x?

None. y cannot equal 0.

x-intercept:

y=x*+x-2
y-intercept: y = 0> + 0 — 2
v =-2(0,-2)
x-intercepts: 0 = x* + x — 2
0=(x+2)(x-1)
x = 2,1 (-2, 0),(1,0)

¥ =X~ 4x

y-intercept: »> = 0° — 4(0)

y = 0;(0,0)
x-intercepts: 0 = x° — 4x

0 = x(x — 2)(x + 2)

x =0, £2; (0, 0), (£2, 0)

y = x16 — x?

y-intercept: y = 0v/16 — 0> = 0; (0, 0)

x-intercepts: 0 = x~/16 — x?
0=x/(4-x)4+x)

0, 4, —4; (0, 0), (4, 0), (—4, 0)

y=(x-I)Vx*+1

y-intercept: y = (0 — )\/0* + 1

y = -1, (0, -1)

X

25. y = 2=
S5x +1
. 2 -0
-int ty = =2
y-intercept: y S0) + 1
x-intercept: 0 = 2=
S5x +1
0=2-x
x=4; (40
2
2. y = Lkz
(Bx+1)
. 0% + 3(0)
y-intercept: y = ————=
[3(0) + 1]
y =0;(0,0)
. x? + 3x
x-intercepts: 0 = ———
(Bx+1)
_x(x +3)
(Bx+1)
x =0,-3;(0, 0),

27. X’y —x*+4y =0

y-intercept: 0%(y) — 0> + 4y
y =
x-intercept: x2(0) — x? + 4(0)

X

28. y = 2x —/x? +1

(-3.0)

0
0; (0, 0)
0

= 0; (0, 0)

y-intercept: ¥ = 2(0) — \/0* + 1

© 2024 Cengage
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y =-1(0,-1)
x-intercept: 0 = 2x — /x% + 1
2x =x? +1
45> = ¥ +1
3x* =1
ool
3
x = iﬁ
3
EVENEVERN
3737
Note: x = —/3 / 3 is an extraneous solution.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Symmetric with respect to the y-axis because
y=(—x)2—6=x2—6.

y =9x — x*

No symmetry with respect to either axis or the origin.
Symmetric with respect to the x-axis because

(—y)2 =y =x - 8x.

Symmetric with respect to the origin because

() = (=) + (=)

_y = _x3

- X

2+ x

y

Symmetric with respect to the origin because
(=x)(-y) = xv = 4.

Symmetric with respect to the x-axis because

x(—y)2 = xy? = -10.

y=4-~/x+3

No symmetry with respect to either axis or the origin.

Symmetric with respect to the origin because

() =4 - ) =0

xy —~4-x* =0.
Symmetric with respect to the origin because
y =X
S
X
r e x4l

Symmetric with respect to the origin because

)

—y =
4 - (—x)

— = —x5

4 4 - x?

4 4 — x?
y = ‘x3 + x‘ is symmetric with respect to the y-axis
because y = ‘(—x)3 + (—x)‘ = ‘—(x3 + x)‘ = ‘x3 + x‘.
| |- x = 3is symmetric with respect to the x-axis
because
[-y[-x=3

‘ y‘ -x=3.

41.

42.

43.

44.

Section 1.1 Graphs and Models

y =2-3x

y =2 -3(0) = 2, y-intercept
0=2-3x)=>3x=2=x= %, x-intercept
Intercepts: (0, 2), (%, O) y

Symmetry: none

y:%x+1

y = %(0) + 1 =1, y-intercept

0:%x+13—%x:1:x:—

3
27

Intercepts: (0, 1), (—%, 0)

Symmetry: none

x-intercept

5

y=9—x2

y=9- (O)2 = 9, y-intercept

2

0=9-x*= x* =9 = x = £3, x-intercepts

Intercepts: (0, 9), (3, 0), (=3, 0) 3

107(0,9)

y=9—(—x)2=9—x2

Symmetry: y-axis

y:2x2+x:x(2x+1)

y = 0(2(0) + 1) = 0, y-intercept
0=x2x+1) = x=0, —%, x-intercepts

Intercepts: (0, 0), (—%, 0)

Symmetry: none
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47.
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y=x+2
y = 0° + 2 = 2, y-intercept
0=x+2=x*=-2= x = —3/2, x-intercept

Intercepts: (—%, O), (O, 2)

Symmetry: none

y = 0° — 4(0) = 0, y-intercept

X —4x =0

x(x2 - 4) =0

x(x+2)(x-2)=0
x = 0,£2, x-intercepts

Intercepts: (0, 0), (2, 0), (-2, 0)
y = (—x)3 —4(-x) = =x* + 4x = —(x3 - 4x)

Symmetry: origin

xx+5

y = 00 +5 = 0, y-intercept
x\/m =0 = x = 0, -5, x-intercepts
Intercepts: (0, 0), (=5, 0)

y

Symmetry: none

(-5,0) (0,0)

48. y =25 - x*
y =25 - 0% = /25 = 5, y-intercept

V25— =0

25-x*=0

5+x)(5-x)=0
x = %5, x-intercept

Intercepts: (0, 5), (5, 0), (=5, 0)

y = «/25—(—x)2 =~/25 - x?

Symmetry: y-axis

49. x = y?
y} =0 = y = 0, y-intercept

x = 0, x-intercept

Intercept: (0, 0)

—-X = (_y)3 - —X = —y3

Symmetry: origin

50. x = y* - 16
¥ -16 =0
b= +4) =0

(=2 +2)* +4)=0
y = 2, y-intercepts

x = 0* —16 = —16, x-intercept

Intercepts: (0, 2), (0, —2), (-16, 0)

Symmetry: x-axis because x = (—y)4 -16 = y* - 16

-16,0
( +—+ )i —t+—+—
<l4-12-10-8 -6 -4 -2 |
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Section 1.1 Graphs and Models 7

51y =2 54. y =[6 - x|
X
y :‘6 - 0‘ :‘6‘ = 6, y-intercept
_38 = Undefined = no y-intercept
8 . . —x= 4
— = 0 = No solution = no x-intercept 6-x=0
X

6 = x, x-intercept

Intercepts: none Intercepts: (0, 6), (6, 0)

8 8 |
—y = = yp== 6+ Symmetry: none
—-X X 4T

Symmetry: origin —+—+—

|
=3
¥}
a4
EN
% 4

T 55. x* + 32 =9

y2 — 9 _ x2
10
52.y=27+1 y = /9 — &7
X

10 10, veintercent y = /9 — 0 = 13, y-intercepts
y 0 +1 , YV p + /—9 “ 2 =0

10 . . 2
——— = 0 = Nosolution = no x-intercepts 9-x"=0
x-+1 9 = x?2

. =x
Intercept: (0, 10) 13 = x, x-intercepts
10 10

(—x)2 1 T2 Intercepts: (£3, 0), (0, £3)
2 2 _ 2 2 _
Symmetry: y-axis (-x) +yP=9=>x+)»" =9

x2+(—y)2=93x2+y2=9

(—)c)2+(—y)2 =9 = x2+3y?=9

Symmetry: x-axis, y-axis, origin

53. y = 6-|x] \.
y=6 —‘0‘ = 6, y-intercept i
100,3)
6 ~[x[=0 /‘”\
cof it (3.0)
6 = ERp ERERES ST
X = %6, x-intercepts 27
4 1(0,-3)
Intercepts: (0, 6), (-6, 0), (6, 0) 1

v =6|-x|= 6|

Symmetry: y-axis
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57.
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— 2 58. 3x — 4)°
x2+4y2:4:>y:iu ’
2 —4y?
y = i7\140 = i—4 = %1, y-intercepts g
2 2

i Yy

x* + 40) =4
y

¥ =4

x = *2, x-intercepts

Intercepts: (-2, 0), (2, 0), (0, —1), (0, 1)
(—x)2 + 4(—y)2 =4 =3 +4y? =4
Symmetry: origin and both axes

y

. 1)
-2, ())‘/‘h\(z. 0)

5N\ i 3
©.-1)

32 -x=9
32 =x+9
y2=%x+3

= 1
y—i1/3x+3

y=3v0+3 = i\/g, y-intercepts 60.
1 -
+ SX + 3 = 0
1 -
X+ 3=0
x = -9, x-intercept

Intercepts: (0, \/5), (0, —\/5), (-9,0)

3(—y)2—x=3y2—x=9

Symmetry: x-axis

x 59.

61.

3 -
+ Zx -2=0 .
3 -
Zx -2=0 44
x = 3, x-intercept -
Intercept: (%, 0) -4
64

y

,,(K

3

Symmetry: x-axis

x+y=8=y=8-x

4x—y=T=y=4x-1
4x -7
S5x

§—x =
15 =
3 =

X

The corresponding y-value is y = 5.

Point of intersection: (3, 5)

3x—2y=—4:>y:3x2+4
4x+2yz—10:>y=y
3x+4  -4x-10
2 2

3x+4=-4x-10

7x = -14

x=-2
The corresponding y-valueis y = —1.

Point of intersection: (-2, —1)

5

. .

¥ +y=15=y=-x*+15
“3x+y=11=y=3x+11
-x* +15 =3x + 11
0=x"+3x-4
0=(x+4)(x-1)
x =-4,1
The corresponding y-values are y = —1 (forx = —4)

and y = 14 (forx = 1).

Points of intersection: (-4, —1), (1, 14)
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Section 1.1 Graphs and Models 9

62. x=3-3? =32 =3-x 66. y = x* —2x* +1
= x - _ 2
yeaol y=l-x \f(o.n}
3-x=(x- 1)2 Points of intersection: ] -
-1,0) (1.0)
3—x=x2=-2x+1 (-1, 0), (0, 1), (1, 0) / \
0=x"-x-2= (x + 1)(x -2) Analytically, -2
x=-lorx=2 1-x* =x*—2x* +1
The corresponding y-values are y = -2 (for x = —1) 0=ux*-ux
and y =1 (for x = 2). 0=x*(x+1)(x-1)
x=-1,0,1.

Points of intersection: (—1, —2), (2, 1)
63 4+ =5 s 5 67. y =~x+6
L+ P =5= 3P =5-x
y =~-x* —4dx

x—y=1=>y=x-1

4

2
5—x2=(x—1) ‘=m(3)\/§)
2 _ 2
S5—-x"=x 2x +1 ‘\(_22)

-7
0=2x"-2x—-4=2(x+1)(x-2) s

x=-lorx =2

[ ——

2

The corresponding y-values are y = -2 (for x = -1) Points of intersection: (-2, 2), (—3, \/5) = (-3,1.732)
and y =1 (for x = 2).
Analytically, Vr+ 6 = ~/—x? - 4x

Points of intersection: (-1, —2), (2, 1) Y4+ 6 = —x — 4x

2 —
64.x2+y2=16 X +5x+6=0

x+2y=4 = x=4-2y (x +3)(x+2)=0
) x = -3, -2.
(4-2y) +)y* =16
5y —16y +16 = 16 68. y = —|2x - 3|+ 6
5y -16)=0 = y=01¢ —6—x
= — = 7
x=4 2(0) =>x=4 —
Points of intersection: (4, 0), (—%, %) B 5 8
-1 y=—|2x-3|+6
_ 3 _h2 _ I B B
65. y = x 2+ x -1 aly=xi-n ! Points of intersection: (3, 3), (1, 5)
_ 2
y=-%+3x-1 ) N Analytically, —|2x — 3|+ 6 = 6 — x
—omh= 6 Y Y
Points of intersection: (—1.;5}" ‘Zx _ 3‘ = x
-1, =5), (0, 1), (2, 1
( )( )( ) — / 2x =3 =xo0r2x -3 = —x
Analytically, y=—x?+3x-1 x=3or x =1

¥ -2+ x—1=-x*+3x -1
¥ -x2-2x=0
x(x=2)(x+1) =0
x=-1,0,2.
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69.

70.

71.
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(a) Using a graphing utility, you obtain
y =074 +7.2.

(b)

420

The model is a good fit for the data.
(c) For2029, t = 29:

y =0.74(29) + 72 = 28.7

The GDP in 2029 will be about $28.7 trillion.
(a) Using a graphing utility, you obtain

y = —0.007¢2 + 0.47t + 1.6.
(b)

1k 20
0

The model is a good fit for the data.
(c) For2029, t = 29:

y = —0.007(29)° + 0.47(29) + 1.6 = 9.3

The number of cellphone subscriptions worldwide in
2029 will be about 9.3 billion.

C=R

2.04x + 5600 = 3.29x
5600 = 3.29x — 2.04x

5600 = 1.25x
= % = 4480

To break even, 4480 units must be sold.

72.

73.

74.

75.

y2 = 4kx
@@ (L1): 17 = 4k(1)
1 =4k
1
k=3

(b) (2,4):  (4) = 4k(2)

16 =8k
k=2
(¢) (0,0): 0% = 4k(0)

k can be any real number.

@ (3,3): (3 = 4k(3)

9 =12k
_ 9 _ 3
ko =5=1%

Answers may vary. Sample answer:
y = (x + %)(x - 4)(x - %) has intercepts at

x=—%,x=4,andx=%.

Yes. If (x, y) is on the graph, then so is (—x, y) by
y-axis symmetry. Because (—x, y)is on the graph, then
sois (—x, —y) by x-axis symmetry. So, the graph is
symmetric with respect to the origin. The converse is

not true. For example, y = x° has origin symmetry

but is not symmetric with respect to either the x-axis
or the y-axis.

Yes. Assume that the graph has x-axis and origin
symmetry. If (x, y) is on the graph, so is (x, —y) by

x-axis symmetry. Because (x, —y) is on the graph,
then so is (—x, —(— y)) = (—x, y) by origin symmetry.

Therefore, the graph is symmetric with respect to the
y-axis. The argument is similar for y-axis and origin
symmetry.
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76. (a) Intercepts for y = X - X
y-intercept: y = 0° =0 =0 (0,0)

x-intercepts: 0 = x* — x = x(x2 - 1) = x(x - 1)(x + 1);

(0,0),(1,0)(-1,0)
Intercepts for y = x> + 2:
y-intercept: y =0+2=2;(0,2)
x-intercepts: 0 = x? + 2

None. y cannot equal 0.

3

(b) Symmetry with respect to the origin for y

—y=(-x) = (-x) = ¥ + x.

Symmetry with respect to the y-axis for y = x? + 2 because

y:(—x)2+2:x2+2.
(©) X —x=x*+2
¥-x*-x-2=0
(x—2)(x2+x+1)=0
xX=2=y=6
Point of intersection : (2, 6)

Note: The polynomial x> + x + 1 has no real roots.

77 False. x-axis symmetry means that if (-4, —5) is on the
graph, then (-4, 5) is also on the graph. For example,
(4, —5) is not on the graph of x = y* — 29, whereas
(—4, —5) is on the graph.

78. True. f(4) = f(-4).

x> — x because

79. True. The x-intercepts are [_b

b
80. True. The x-intercept is (—2—, Oj.
a

Section 1.2 Linear Models and Rates of Change

1. In the form y = mx + b, m is the slope and b is the

y-intercept.

2. No. Perpendicular lines have slopes that are negative
reciprocals of each other. So, one line has a positive
slope and the other line has a negative slope.

3. m=2
4. m =0
5. m=-1
6. m = -12

Section 1.2 Linear Models and Rates of Change

11
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12 Chapter 1 Preparation for Calculus

9. m = 1-6 = _—S,undeﬁned,
4-4 0
The line is vertical. 13.

y
; \~ m is undefined.

71 m= —%

6+ (4.6 8

54 1

44 T 3,

34 4

2 t .

2|4

4+ @1 -6 -4

\\ ‘o

2.1 | 1 23 56

14. y

10. m = _5_7(_5) — 9 =0 rlr:—B\L}
>3 2 -2.5\/ S+

The line is horizontal. 7\ m=0

) t —t

4
m=3
+ / m) \ 3
-2
> x

15. Because the slope is 0, the line is horizontal and its
equation is y = 2. Therefore, three additional points are

(0, 2), (1, 2), (5, 2).

|t
)
'S

» (.-5) (5.-5)
16. Because the slope is undefined, the line is vertical and its
1 1 equation is x = —4. Therefore, three additional points
Wome_3 6 _2_, are (—4, 0), (-4, 1), (-4, 2).
1 (_ éj 1

2 4 4 17. The equation of this line is

y y—7=-3x-1)

3+ y = =3x + 10.

1) ;l;helr;efore, three additional points are (0, 10), (2, 4), and
6

18. The equation of this line is
y+2=2x+2)
y =2x+ 2.

Therefore, three additional points are (-3, —4), (-1, 0),
and (0, 2).
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Section 1.2 Linear Models and Rates of Change 13

19. y=3x+3 % 24. y—4=-3x+2)
5
4y = 3x + 12 i 5y —20=-3x-6
0=3x—4y+12 } 3x+5y-14=0
. ;

20. y - (-2)

{x- 91

y+2=%(x+5)

y+2= gx + 6
y=2%+4 5. 6 _ X
0=06x-5y+20 100200
100x = 1200
x =12
21. Because the slope is undefined, the line is vertical and its 6
equationis x = 1. Since the grade of the road is T00° if you drive 200 feet,

the vertical rise in the road will be 12 feet.

2+ ¢(1,2) A
il 26. (a) Slope = Ac

|
|
o
|
o4
~
o
~

e——— 30 ft ———>1

22. y=4 By the Pythagorean Theorem,
y-4=0 x? =307 +10° = 1000
y x = 10~/10 = 31.623 feet.
st

23.y+2:3(x—3)
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14  Chapter 1 Preparation for Calculus

27. (a) ’ 30 x+y=1
g 335
2 1 y=x+1
E :; The slope is m = 1and the y-intercept is (0, 1).
g :us
%_ 310 31. 5x+y =20
- 111213141516 17 181920 I y =-=5x+20

Year (11 < 2011)

The slope is m = —5 and the y-intercept is (0, 20).

Slopes: 314.2 — 312.0 = 2.2
316.3 — 314.2 = 2.1 32. 6x -5y =15
318.6 — 3163 = 2.3 y=2%-3
3209 = 318.6 = 2.3 The slope is m = %and the y-intercept is (0, —3).
323.2 — 3209 =23
3252 -3232 =20 33. x = 4
3269 - 3252 = 1.7 The line is vertical. Therefore, the slope is undefined and
328.5-3269 = 1.6 there is no y-intercept.

330.1 — 3285 = 1.6

The population increased least rapidly from 2018 to L . .
2019 and from 2019 to 2020. The line is horizontal. Therefore, the slope is m = 0 and

the y-intercept is (0, —1).

4. y=-1

(b) Average rate of change:
330.1 - 312.0 _ 18.1

= 35. y =3
20 - 11 9
= 2.01 million people per year A
(c) For2030, ¢+ = 30: 330.1 + 10(2‘01) = 350.2 T
The population of the United States in 2030 will be AR S
about 350.2 million people. 2T
et
28. (a) ¥ st
3E_ ot
£33
Fgam
252 10 36. x = 4
Z 3_5 %0
EEZ w !
=& Attt N
14 15 16 17 18 19 )
Year (14 <> 2014) 24
Slopes: 82 — 83 = -1 1+
102 — 82 = 20 i [
104 - 102 = 2 T
121 - 104 = 17 =1
112 - 121 = -9

The biomass-based diesel fuel production increased
most rapidly from 2015 to 2016.

(b) Average rate of change:
12-83 = 2 = 5.8 million barrels per day
19 - 14 5
(c) No. The production seems to randomly increase and
decrease year to year.

29. y = 4x -3

The slope is m = 4 and the y-intercept is (0, —3).
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Section 1.2 Linear Models and Rates of Change 15

=1x - 7 - (-2 y
38y =gl “om=— (2)=g=3 i
( ) 8" (.7
7
y=(2) = 3(x - (-2)) ‘
|
y+2=3x+2) "
y:3x+4 (b_').iz/_ 2 46
0=3x-y+4 —4T
45.m=8_O:—§ y
5 , 2-5 3 A
39. y-2=35(x-1) : ;
3yl ] y=0=-(x-5)
y = 2x+2 3
8.4
7 3 3
8x +3y-40=0
46. m=2"2_ 4 _
40. y -1 =3(x + 4) ’ -3-1 -4
y=3x+13 " y-2=-lx-1)
2 y—-2=-x+1
x+y-3=0
47. m = 8-3 = é, undefined 1
41. 3x -3y + 1 6-6 0 8+ (6.8)
3y The line is vertical. 6+
y x=60rx—-6=0 4T 63
ERN S B
-2 - (2
48. m=#:9:0 )
3-1 2 N
42. x+2y+6=0 v y =2 ‘ : )
-1 1 2 3 4
y=—%x—3 4t y+2=0 -1
\ il 1,-2) (3,-2)
_140 -z:s -(',’\_; * -3+
4 -4
N
_at
o7 9. m ==L
5-3 sl
43. m = —5-3_-8_ ) The line is horizontal. S
0—-4 —4 ‘ y=lory—1=0 T e 6.
y=(=5) = 2x - 0) N REERERE
y+5=2x N
0=2x-y-5 =31
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50.

51.

52.

53.

54.

5S.

Chapter 1 Preparation for Calculus

_7-5
2-2

m

= %, undefined

The line is vertical.

x=2o0rx—-2=0

The slope is 1=b = 1_b.
3-0 3

The y-intercept is (0, ). Hence,

y=mx+b=[1_bjx+b.

MW s o ®
9
)

T B

L

g+ 1] 3ase
-2

7

3
b y
m=—-=
a
b \(().b)
y=—x+b
a
—x+y=5b
x y (a,0)
—+==1 N
a b
£+X:1
2 3
3x+2y-6=0
S S
_E+—2 1
3
-3y
2 2
3x+y=-2

i+1_1
2a a
9 .22
2a a
9—4=1
2a
5=2a
5
a ==
2
X y
—+ =1
5 5
2A3) 6
£+27y=1
5 5
xX+2y=5
x+2y-5=0
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56.

57.

58.

59.

60.

£+L—l
a —a
_2
(3, 2 _,
a —da
-——+2=a
4
a =2
3
i.{_i:l
(5 (3
c_y23
773

3x-3y-4=0

The given line is vertical.
(@ x=-T,orx+7=0
b) y=-2ory+2=0

The given line is horizontal.
(@ y=0
b) x=-lLorx+1=0

x+y=17
y=-x+7
m = -1

(a) y—2=-1(x+3)

x+y+1=0
b y-2=1x+3)
y—2=x+3
O0=x-y+5
x—y=-2
y=x+2
m=1
@ y-5=1x-2)
y=-5=x-2
x=y+3=0

x+y-7=0



61. 5x -3y =0
y=3x
n=1

@  y-g=3(x-3)

24y — 21 = 40x — 30
0=40x —24y -9
7 _ _3 3
(b) y-g=-Hx-3)
40y — 35 = —24x + 18
24x + 40y — 53 = 0

62. 7x + 4y =8

4y = -T7x + 8
—7
= —x+2
YTy
7
m=——
4
S 3
@ YT T 6
1 -7 35
y+—=—x+ =
2 47 24

24y +12 = —42x + 35

42x + 24y —23 =0
1 4 5
b +—=—x-=
(b) y+3 7( j
42y + 21 = 24x - 20

24x — 42y —41 =0

63. The slope is 250.
V' =1850 whent = 1.

V = 250(t — 1) + 1850
250¢ + 1600

64. The slope is —1600.

V =17,200 whent = 1.
V = —1600(t — 1) + 17,200
= ~1600¢ + 18,800
65. m = ——9 _
=2 - (-1)
_ 2-0 _ 2
T ) TS
m * my

The points are not collinear.

Section 1.2 Linear Models and Rates of Change 17

66.

67.

68.

-6 -4 10
my = = ——

7-0 7

11-4 7
m, = = ——

-5-0 5
my # m,

The points are not collinear.

The four sides are of equal length: 8 = 24/2.

For example, the length of segment 4B is

\/(1 )+ (-0 = 4+4

=8
= 2+/2 units.
Furthermore, the adjacent sides are perpendicular
because the slope of AB is 2-0 = 2 = 1, whereas
1-(-1) 2
the slope of BC is 2-0 = -1.
ax + by = 4

(a) The line is parallel to the x-axis if @ = 0 and
b # 0.

(b) The line is parallel to the y-axis if b = 0and
a # 0.

—5 and

(c) Answers will vary. Sample answer: a
b =8.

—5x + 8y

4

y=35x+4)=2x+1

(d) The slope must be —%.

S5and

Answers will vary. Sample answer: a
b =2.

S5x+2y =4

y=%(—5x+4):—%x+2

() a =3and b = 3.

5
5x+3y

5x + 6y

4
8
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18 Chapter 1 Preparation for Calculus

69. The tangent line is perpendicular to the line joining the 70. The tangent line is perpendicular to the line joining the
point (5, 12) and the center (0, 0). point (4, —3)and the center of the circle, (1, 1).

L .12
Slope of the line joining (5, 12) and (0, 0) is 5 Slope of the line joining (1, 1) and (4, —3)is
The equation of the tangent line is 1+3 _ -4
- 1-4 3
yo12= (x5
12 Tangent line:
-5, 16 3
TR TR y+3=7(x-4)
S5x +12y =169 = 0. 3
y=-x-6
0=3x-4y -24

(b -a)

-b o . : +
). The midpoint of this segment is (aTb! 7}
c

2

71. (a) The slope of the segment joining (b, ¢) and (a, 0) is . The slope of the perpendicular bisector

of this segment is

So, the equation of the perpendicular bisector to this segment is

_E_a—b(x_a+bJ
77 c 2 )

Similarly, the equation of the perpendicular bisector of the segment joining (—a, 0) and (a, 0) is

_E_a—b(x_b—a)
77y —c 2 )

Equating the right-hand sides of each equation, you obtain x = 0. Y

Letting x = 0 in either equation yields the point of intersection:

c+a—b[ a+b)_c2 bz—az_c2+b2—a2

y = — 0 _ = — 4+ =
2 c 2 2c 2c 2c
2 2 2
The point of intersection is (0, a+2b+c] a0 @0)
¢
(b) The equations of the medians are:
_ <,
Y7
c/2 c
= ———(x—-a)= xX—a
Y [b -a ( ) b - 3a( )
-a
2
(=a,0) 0,0)  (a,0)
o/2 (x+a)= ¢ (x + a)
3a +b

y:[“b j
+ a
2

b ¢
Solving these equation simultaneously for (x, ), you obtain the point of intersection (3, 3}
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Section 1.2 Linear Models and Rates of Change 19

72. (a) Lines c, d, e and fhave positive slopes. 73. Find the equation of the line through the points (0, 32)
(b) Lines a and b have negative slopes. and (100, 212).
_ 180 _ 9
(c) Lines c and e appear parallel. m=1T0 =3
Lines d and fappear parallel. F-32 = %(C -0)
(d) Lines b and fappear perpendicular. F = %C + 32
Lines b and d appear perpendicular. or
C = §(5F - 160)
5F —9C -160 = 0

For F = 72°, C = 22.2°.

74. (a) Current job: W, = 0.07s + 2000
New job offer: W, = 0.05s + 2300

(b) 3500

:120,000

1500

Using a graphing utility, the point of intersection is (15,000, 3050).

Analytically, W, = W,
0.07s + 2000 = 0.05s + 2300
0.02s = 300
s = 15,000

So, W, = W, = 0.07(15,000) + 2000 = 3050.

When sales exceed $15,000, the current job pays more.
(¢) No, if you can sell $20,000 worth of goods, then W, > W,.

(Note: 7, = 3400 and #, = 3300 when s = 20,000.)

75. (a) Two points are (50, 780) and (47, 825). 76. (a) y = 1891+ 3.97x
The slope is

"= 825 — 780 —ﬁ——IS

C47-50 -3 (b) 0

p — 780 = -15(x — 50) e

p = —15x + 750 + 780 = —15x + 1530

(x = quizscore, y = test score)

or

0 20
0

x = i(1530 -p)
15 (c) If x =17, y = 1891 + 3.97(17) = 86.4.
(b) 50

(d) The slope shows the average increase in exam score
for each unit increase in quiz score.

(e) The points would shift vertically upward 4 units.
The new regression line would have a y-intercept

0 1600 4 greater than before: y = 22.91 + 3.97x.

If p = 855, then x = 45 units.

1

(c) If p = 795, then x E(ISSO — 795) = 49 units
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20 Chapter 1 Preparation for Calculus

77. 1If 4 = 0,then By + C = 0 is the horizontal line y = —C/B. The distance to (x5 ») s
_|By + C| | 4x + By, + C|

n-(5)
' Us | B| a2+ B

If B = Othen Ax + C = 0is the vertical line x = —C/ 4. The distance to (x;, y;) is
_|4x, + C| | 4x + By, + C|

()
4 | 4| A2+ B

(Note that 4 and B cannot both be zero.) The slope of the line Ax + By + C = 0is —4/B.

d =

d =

The equation of the line through (x;, »,) perpendicularto 4x + By + C = 0is:

Yy =N :S(x_xl)
Ay — Ay, = Bx — Bx
Bx; — Ay, = Bx — Ay
The point of intersection of these two lines is:
Ax + By = -C = A’x + ABy = -AC )
Bx — Ay = Bx; — Ay, = B?x — ABy = B%x; — ABy, (2)

(4> + B*)x = —AC + B’x, — ABy, (By adding equations (1) and (2))
_ —AC + B*x; — ABy,

x
4* + B?

Ax + By = -C = A4Bx + B’y = -BC (3)

Bx — Ay = Bx; — Ay, = —ABx + A’y = —ABx; + A%y, (4)

(A2 + Bz)y = —BC — ABx; + A%y, (By adding equations (3) and (4))
_ —BC — A4Bx; + A%y,
A4* + B?

y

—AC + B*x, — ABy, —BC — ABx; + A%y,
A% + B? ’ A% + B?

j point of intersection

The distance between (x;, y,) and this point gives you the distance between (x,, »,) and the line Ax + By + C = 0.

T-ac + B — 4By, T [-BC - 4By, + 4%y, ?
= A+ B I A+ B -
r 2 2
—AC — ABy, — A%*x, —BC — ABx, — B*y,
= +
A* + B? A? + B?
— 2 2 2 2 2
_|[-A(C + By, + Ax) . —B(C + Ax + By)| _ [(42 + B*)(C+ Axi + By)” | Ax + By + C
- A + B A’ + B’ - (A2+BZ)2 N E
78. y:mx+43mx+(—1)y+4=0
g A+ By +C [m3 + (1)) + 4] _ [3m +3]
A+ B \/mz + (-1 Jm? +1
The distance is 0 when m = —1.In this case, the line y = —x + 4 contains the point (3, 1).

8

o

— 9

(=10

4
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Section 1.2 Linear Models and Rates of Change 21

79-x—y—2=O:d=‘l(_2)+(_l)(l)_2‘_ 5 ﬂ

Ji2 412 2 2

|4(2) + 3(3) - 10| _7

4+ 3 5

80. 4x +3y -10=0=>d =

81. For simplicity, let the vertices of the rhombus be (0, 0), 82. For simplicity, let the vertices of the quadrilateral be
(a,0),(b,c),and (a + b, c), as shown in the figure. (0, 0), (a, 0), (b, ¢), and (d, e), as shown in the figure.
c The midpoints of the sides are
The slopes of the diagonals are then m, = Py and u a+b o (b+d c+e d e
5505 2359 7 5 5 ,and E,E.
m, = € Because the sides of the rhombus are
-a

The slope of the opposite sides are equal:
equal, a*> = b* + ¢*, and you have

c_, o cte_e
mm c c c? c? 1 2 5 =3 2 = 2 =<
i, = : = =— =-L a+ a + b
+b b- v -a - -
a a a c ) ) B )
Therefore, the diagonals are perpendicular. e c c+e
0-2°< hd
y 2 __ 2 2 ___¢
a d at+b b+ d a—-d
2 2 2 2
(b, c) (a+b,c) .
Therefore, the figure is a parallelogram.
(0,0) (a,0) ! d,e) b+d c+e
(% 5°)
RN (b, c)
(OIS
Vo)
0.0 (4) @0 :

83. Consider the figure below in which the four points are collinear. Because the triangles are similar,
the result immediately follows.

D

* *
Xy — X Xy — X

y

84. If m; = —1/m,,then mm, = —1. Let L;be a line with 85. True.
slope m; that is perpendicular to L,. Then mym; = —1. ax by =¢ = y= —%x +% = om = _a
So, my, = my = L, and L;are parallel. Therefore, L, b
)

and L, are also perpendicular. bx —ay =c¢, => y = ;x T =m = -

1

m, = —
m

86. True. The slope must be positive.
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Section 1.3 Functions and Their Graphs

1.

11.

12.

13.

Chapter 1 Preparation for Calculus

Domain: (—ee, o)

Range: [0, o)

All functions are relations, but not all relations are 6. (@ f(0)=7(0)—-4=-4
functions. For example, {(1, 1), (1, 2)} is a relation, but (b) f(=3) = 7(-3) - 4 = 25
not a function because two different outputs correspond
to the same input. Functions have exactly one output for () f(b)=7(b)-4="7Tb-4
i t.
every mpy A flx-1)=7x-1)—4=7x-11
. For a function ffrom X to Y, the domain is the set X.
If y is the image of x, then the range is a subset of ¥ N SV +4=Jr14= )
consisting of all images of numbers in X. 7@ f(=2) (=2)" + " 8
_ J2 _ -
. The three basic types are vertical shifts, horizontal shifts, (b) f(3) = V3 +4 =9 +4 =13
and reflections. © f(2) = 2 +4=-Jr+4=18=2
. Consider the nonconstant polynomial
@ f(x+ bx) «/x+bx + 4
f(x) = ax" + a, x" + - + aix + a,.
. :\/x +2bx* + b*x* + 4
Ifnisevenand a, > 0, then the graph of /' moves up to
the left and up to the right. 8.(a) f(-4)=+/-4+5= JI =1
Ifnisevenand a, < 0, then the graph of f moves down
to the left and down to the right. ) f(11) = V11 +5 = 16 = 4
Ifnis odd and a, > 0, then the graph of /' moves down © f(4)=~4+5= J9 =3
to the left and up to the right.
Ifnisoddand a, < 0, then the graph of f moves up to (d j(x + Ax) =X+ A +S
the left and down to the right.
9.(a) g(0)=5-0°=5
. f(x)=3x-2 )
®) g\5)=5-(5) =5-5=0
(@ £(0)=3(0)-2=-2
© g(-2)=5-(2) =5-4=1
(®) f(5)=305)-2=13 2) (-2) ,
t=-1)=5-(t-1) =5-(¢t" -2t +1
© f(b) =3(b) -2 =3b-2 @ (1) (=1) ( +1)
=44+ 2t -t
d f(x-1)=3x-1)-2=3x-5
10. (a) g(4)=4*(4-4)=0
3) _ (33 9(_5\ _ _45
®) g(3) = (3) (5 -4) = 3(-3) = -4
(©) glc) = cz(c -4) = =4
) g(t+4) = (t+4)(c+4-4)
=(t+4)t =7 +8 + 161
) 3 2 3
Sx+ ax) = f(x) _ (x +Ax)" = X° _ x4+ 3x%Ax + 3x*(Ax)” + (Ax) - X° 3 4 3xAc 4 (Ax)z, Ay 2 0
Ax Ax
S(x) = () _ 3x-1-(3-1) _ 3(x—1) C3xrl
x -1 x -1 x -1
f(x) = 427 14. g(x) =x* =5

Domain: (—ee, o)

Range: [-5, )
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15.

16.

17.

18.

19.

20.

21.

22.

23.

h(x) =4 - x*
Domain: (—eo, o)

Range: (=, 4]

f(x) =¥
Domain: (—eo, o)

Range: (—eo, o)

g(x) = /6x
Domain: 6x > 0

x 20 = [0, )

Range: [0, )

h(x) = —~/x +3
Domain: x + 3 2 0 = [-3, )

Range: (-, 0]

f(x) =16 -
16-x220=x*<16
Domain: [—4, 4]

Range: [O, 4]

Note: y = ~/16 — x? is a semicircle of radius 4.

/) =l -3
Domain: (—eo, o)

Range: [0, =)

=

Domain: all x # 0 = (=0, 0) U (0, o)
Range: (—eo, 0) U (0, )

. x—2

f(x) T x+4

Domain: all x # —4

Range: all y # 1
[Note: You can see that the range is all y # 1 by
graphing f.]

f(x)=\/;+\/1—x
x20 and 1-x2>20

x20 and x <1

Domain: 0 < x <1 = [0, 1]

25. f (x)

26. g(x) = ‘

28. f(x) = {

Section 1.3 Functions and Their Graphs

24. f(x) = ~/x* =3x +2

X2 =3x+220
(x=2)(x-1)=20
Domain: x =2 2 or x <1
Domain: (-, 1] U [2, «)
-

‘x + 3‘
|x+3[#0
x+3#0
Domain: all x # -3
Domain: (—eo, —3) U (=3, o)

1

x2—4‘

|x2 - 4| =0
(x=2)(x+2)#0
Domain: all x # £2

Domain: (e, —2) U (-2, 2) U (2, «)

27, f(x) _ {Zx +1, x<0

2x+2,x20

(Note: > + 1 > 0 forall ¢.)
Domain: (—eo, co)

Range: (—eo, 1) U [2, o)

X2 +2,x<1

232 + 2, x > 1

(Note: s*> + 2 > 1foralls.)
Domain: (—eo, eo)

Range: [2, )

23
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29.

30.

31.

32.

Chapter 1 Preparation for Calculus

|x|+1, x <1 33. f(x) =x*+5

-x+ 1L x2>1

=1

(@ f(3)=]-3]+1=4

Domain: (—eo, o)

Range: [5, )
) f(1)=-1+1=0

(

( ,,
(©) f(3)=—3+1=—2 Y
@ f(p* +1) = =(b* +1) +1 = =p? 8

Domain: (~es, ) +

Range: (—eo, 0] U [1, =) R # P

f(x)z{ X+j,xS5 34. f(x) = -2 -1
(x=5, x>5 Domain: (e, )

@ f(B)=3+4=I=1 Range: (~co, =)

(b) f(0)=~0+4=2 ‘

© f(5)=~5+4=3 ] .

@ f(10) = (10 = 5)° = 25 B 4

Domain: [-4, )

Range: [0, oo)

flx) =4-x 35, f(x) = (x - 1) +2

Domain: (e, ) Domain: (~e, o)

Range: (—eo, o) Range: (—es, )

y

-2 36. f(x)=1x* +3
3 4

Domain: (—ee, eo) Domain: (—co, )

Range: (—co, o) Range: (—co, o)

4 4 + t 2
o \
Nl
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37. f(x) =9 - x? 40. f(x):‘x2—l‘=‘(x—l)(x+l)‘
Domain: [-3, 3] Intercepts: (1, 0), (-1, 0), (0, 1)
Range: [0, 3] Symmetry: y-axis

R Domain: (—ee, o)
Range: [0, o)
i X
AL gx) =
8 X2+ 2

38. f(x) = x +~/4 - %7

Domain: [-2, 2]

Domain: (—eo, o)

Range: (0, ﬂ

Range: [—2, 2\/§J = [-2, 2.83]

y-intercept: (0, 2)

x-intercept: (—\/E , 0) 4%; .

-3 =2 -1 2 3

2
T+t

2. 1(t) =

3T Domain: (—ee, =7) U (=7, o)

Range: (-0, 0) U (0, )
39. g(x):‘x‘—S y
Domain: (—ee, o)

Range: [-5, <)

y

43.x—y2:0:>y:i\/;

y is not a function of x. Some vertical lines intersect the
graph twice.
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44.

45.

46.

47.

48.

49.

50.

51.

Chapter 1 Preparation for Calculus

Nt -4 -y=0=y=x"-4
y is a function of x. Vertical lines intersect the graph at

most once.

y is a function of x. Vertical lines intersect the graph at
most once.

¥+t =4

y = #+/4 - x?

v is not a function of x. Some vertical lines intersect the
graph twice.

¥+ =16 = y = £+/16 — x?

y is not a function of x because there are two values of y
for some x.

¥ +y=16=y=16- x>

y is a function of x because there is one value of y for
each x.

2

y =x2—l:y=i X2 -1

v is not a function of x because there are two values of y
for some x.

2
2 2 — —

xXy—-x"+4y=0=>y=—F—

x°+4

v is a function of x because there is one value of y for

each x.

The transformation is a horizontal shift two units to the
right of the function f(x) = x.

Shifted function: y = ~/x — 2

52.

53.

54.

5S.

56.

57.

58.

59.

60.

The transformation is a vertical shift 2 units upward of
the function f(x) =|x|.

Shifted function: y =|x|+ 2

The transformation is a horizontal shift 2 units to the
right and a vertical shift 1 unit downward of the function

f(x) = x%
Shifted function: y = (x — 2)2 -1

The transformation is a horizontal shift 1 unit to the left
and a vertical shift 2 units upward of the function

f(x) = x.
Shifted function: y = (x + 1)° + 2

vy = f(x + 5)is a horizontal shift 5 units to the left.
Matches d.

y = f(x) — 51isa vertical shift 5 units downward.
Matches b.

vy = —f(-x) — 2 s areflection in the y-axis, a
reflection in the x-axis, and a vertical shift downward

2 units. Matches c.

vy = —f(x — 4) is a horizontal shift 4 units to the right,

followed by a reflection in the x-axis. Matches a.

v = f(x + 6) + 2is a horizontal shift to the left

6 units, and a vertical shift upward 2 units. Matches e.

v = f(x — 1) + 3is a horizontal shift to the right 1

unit, and a vertical shift upward 3 units. Matches g.
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61. (a) The graph is shifted 3 units to the left. (e) The graph is stretched vertically by a factor of 3.

=10

(g) The graph is a reflection in the x-axis.

y

|
o

1
PR
5
s
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62. H(x) , x=0 @ H(-v) 1, x<
. xX) = —X) =
0, x<0O 0, x>0
4+ 4+
) S _ ]
-4 -3 -2 -1 i 5 ; jx ! -4-3-2-1, 12 3 4 )
4 .
-4 -4
(@ H(x) -2 { borEo 1
a x)—2=
_ 1 — x20
2, x<0 (© JH() =12
y 0, x<0
4t v
.1 o4
11+ 3+
oo 1
" paugeini (HES S
N N
N
, x>2 -
(b) H(x -2) =
0, x<2 , x=>2
(f) —H(x-2)+2=1"
y 2, x<2
4 N
:
1 >~— 34
Baegeaiy I I e
. S EEENREEE
4 -21
-3+
-1, x2 -
c) —H(x) =
© ( ) 0, x<0
A
N

et —t—+—+
-4 -3 -2 -1 | 2 3 4

63. f(x) =2x-5,g(x)=4-3x
@ f(x)+gx)=2x-5+(4-3x)=-x-1

)
(®) f(x)-g(x)=2x-5)-(4-3x)=5x-9
) -

(©) f(x)-g(x) =(2x = 5)(4 = 3x) = —=6x7 + 8x + 15x — 20 = —6x7 + 23x — 20
@ f(x) 2x =5
g(x) 4-3x
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64.

65.

66.

67.

Section 1.3 Functions and Their Graphs

f(x) = x> +5x+4, g(x)=x+1

@ f(x)+g(x)=("+5x+4)+(x+1)=x"+6x+5

() f(x) —g(x) = (¥ +5x+4) = (x+1) = x* + 4x +3

© f(x)-g(x) = (¥ +5x+4)(x+1) = + 52 +4x+ x> +5x+4 = x +6x” + 9x + 4

X4+ 5x+4  (x+4)(x+1)

@ f(x)/g(x) =

=x+4x % -1

x+1 x+1
@ f(g(n) = f(0) =0
® g(/()) =g@) =0
© g(/(0)) = g(0) = -1
(A f(g(-4) = £(15) = V15
© f(g(x) = f(x* 1) =x? -1

® g(f(x) = g(\/;) = (\/;)2 -1=x-1(x20)

Domain: (—ee, o)
(¢ 0 1)) = 2l/(0) = o) = =
Domain: (—ee, o)

The composite functions are equal.

29
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68. f(x) = m, g(x) = X +5
(f o 8)x) = flg(x) = f(@* +5) = 3f(x* +5) -5 =Ux* =

Domain: (—ee, o)

(gOf)(x)=g(f(x))=g(i/x—5):(Q/x—5)3+5 =x-5+5=x
Domain: (—ee, o)

The composite functions are equal.
69. f(x) = %, glx) = /x

(f 2 2)x) = /()

Domain: [0, o)

(g2 ) = &/(3) = glx*) = V5" =]x]

Domain: (—ee, o)

f(\/;)=(\/;)2=x,x20

No. Their domains are different. (f o g) = (g o f) for x > 0.

70. f(x) = 2> - Lg(x) = —x
(f o g)x) = flg(x) = f=x) = (=x)" =1 =x* -1
Domain: (—ce, )

(g f)x) =g(x* =1) =—(x* 1) =1-x?

Domain: (—eo, o)

feg#geS
71. f(x) = é, g(x) =x*-1
x
(/= &) = flele) = S = 1) = =
Domain: all x # +1 = (—eo, —1) U (=1, 1) U (I, o)
3 3V 9 9 — x2
(e ) = o) = o2) = (3] -1= 51225
Domain: all x # 0 = (—co, 0) U (0, )
feg#tgeof
1 73. 0 2)3) = f(g(3) = f(-1) = 4
7 (f g = (Vi +2) = o @ (/= ¢)3) = f(e(3) = /(=)
Domain: (-2, o) (b) g(f(2)) =g(l) =2
(g /) = g[ i j _ \/ % Lo \/1 +x2x () g(f(5)) = g(-5), which is undefined
. . A (/o 2)3) = f(g(-3) = f(-2) =3
You can find the domain of g o f by determining the
intervals where (1 + 2x) and x are both positive, or () (ge f)-1) = g(f(—l)) =g(4) =2
both negative. (®) f(g(-1)) = f(-4), which is undefined

2

Domain: (—oo, —ﬂ, (0, )
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74. (4o r)(t) = A(r(t)) = 40.61) = #(0.61)" = 0367

(A4 o r)(¢) represents the area of the circle at time ¢.
75. F(x) = <2x -2
Let h(x) = 2x, g(x) = x — 2and f(x) = Vx.
Then (f o g o h)(x) = f(g(2x)) = f((2x) - 2) = \J(2x) = 2 = V2x = 2 = F(x).

(Other answers possible.)

76. F(x) = 41—6 Bl f(x) = (4 - ¥*)
X
1 o) = ()[4 = (2] = 24 = ) = /()
- _ _ .6
Let f(x) = - g(x) = 4x, and h(x) = x°. £ is even.
— 52 4 — 2\ 0
Then (1 = g = A)(x) = f(s(x")) = F(4) = - f(x) = x*(4 - %)
4x 22 -x)2+x) =0
(Other answers possible.) Zeros: x = 0.-2.2
77. (a) If fiseven, then (%, 4) is on the graph. 82. 1) = x
(b) If f is odd, then (%, —4) is on the graph. f(=x) = {/(_—x) = 3% = - f(x)
f is odd.

78. (a) If fis even, then (-4, 9) is on the graph.

_ 3 _ _ .
(b) If fis odd, then (4, —9) is on the graph. f(@) = Yx = 0= x = 0is the zero.

_ 96
79. f is even because the graph is symmetric about the 83. f(x) =2 Yx
y-axis. g is neither even nor odd. / is odd because The domain of f'is x > 0 and the range is y > 0.

the graph is symmetric about the origin. Hence, the function is neither even nor odd. The only

. . . i = 0.
80. (a) If f is even, then the graph is symmetric about the zerons x

y-axis. 84. f(x) = 4x* —3x?
f(=x) = 4(=x)" = 3(=x)" = 4x* = 322 = f(x)
fis even.

. 4x* = 3x% = x2(4x2 - 3) =0

:: Zeros: x = 0, i?

(b) If £ is odd, then the graph is symmetric about the
origin.
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85. Slope =
y—4=
y—4-=

y

4-(-6) _10 _ s
-2-0 -2

=5(x - (-2))

—5x - 10

—5x -6

Chapter 1 Preparation for Calculus

88. x2 + y? =36
¥ =36 - x*
y=-36-x* -6<x<

For the line segment, you must restrict the domain.

/()

86. Slope =
y-1l=
y-1=

—S5x—-6,2<x<0

—
=
|
)
=

=
|
|

<N o2 o »
=

2

89.

90.

For the line segment, you must restrict the domain.

/(¥

Z)c——,3£x£5
2 2

(5,8)

U
~
[*)

~aa
~<
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91.

Answers will vary. Sample answer: Speed begins and
ends at 0. The speed might be constant in the middle:

y

Speed (in miles per hour)

Time (in hours)

Answers will vary. Sample answer: Height begins a few

feet above 0, and ends at 0.

y

Height

Distance

Answers will vary. Sample answer:

Distance begins at 0, then the graph has a sharp turn after
a few minutes and goes back to 0. Then the graph goes

back upward steeply.

y

1
4 81216202428

Time (in minutes)
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92. Answers will vary. Sample answer: 95. No. If a horizontal line intersects the graph more than
The graph begins at time 0, then decreases until year 4. once, then there is more than one x-value corresponding
The graph then increases slightly for a few years and to the same y-value.

93.

94.

then d in.
en cecreases aga 96. Answers will vary. Sample answer:

y

1
Z f(x) = —and g(x) = —
z s *
53 12 1
e (-0 = A[ %) = ¢
3 6

o 72 =
123 456 1
Time (in years) —
e ye X

y=~Nc—-x 97. No. For example, y = x* + x + 2 is not odd
32 =c—x? since f(—x) # —f(x).

x? + y? = ¢, acircle.
98. f(x) = 0 is even and odd.

f(=x) = 0= f(x) = = /(x)

For the domain to be [-5, 5], ¢ = 25.

For the domain to be the set of all real numbers, you
must require that x> + 3cx + 6 # 0. So, the
discriminant must be less than zero:

(3c)” - 4(6) < 0
9c? < 24

¢ <

w oo
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99. (a) T(4) = 16 T(15) = 23°

(b) If H(r) = T(¢ — 1), then the changes in temperature will occur 1 hour later.

(c) If H(t) = T(t) — 1, then the overall temperature would be 1 degree lower.

(d) The points at the endpoints of the individual functions that form each “piece” appear to be
(0, 60), (6, 60), (7, 72), (20, 72), (21, 60), and (24, 60). Note that the value ¢ = 24 is chosen for the last ordered pair

because that is when the day ends and the cycle starts over.

From ¢t = Oto ¢ = 6: This is the constant function 7 (t) = 60.

From ¢t = 6to ¢t = 7: Use the points (6, 60) and (7, 72).

72 — 60
m= ———=
7-6

12

y =60 =12(x - 6) = y = 12x — 12,0rT(1) = 121 — 12.

From ¢ = 7to ¢ = 20: This is the constant function 7'(¢) = 72.

From ¢t = 20to ¢ = 21: Use the points (20, 72) and (21, 60).

72 - 60

m=-——"""=_12
20 - 21

y =60 = —12(x - 21) = y = —12x + 312, 0r T(r) = —12 + 312

From¢ = 21 to ¢ = 24: This is the constant function T'(r) = 60.

60,
12t — 12,
A piecewise-defined function is 7'(¢) = 172,
—12¢ + 312,
60,

100. (a) For each time ¢, there corresponds a depth d.

(b) Domain: 0 < ¢ < 5
Range: 0 < 4 < 30

(C) d
30+
25+
20 +
15+
10+
s
I S R
(d) d(4) = 18. At time 4 seconds, the depth is
approximately 18 cm.
101. (a) oo
[ 100

0

(b)

3
H(ij = 0,00004636(i) ~ 0.00001132x°
1.6 1.6

IN

0<6
T <7
T <20
20 <t < 21
21t <24

X
6 <
7 <

3 — xhas

102. p (x) = x> — x + Lhas one zero. p,(x) = x
three zeros. Every cubic polynomial has at least one
zero. Given p(x) = Ax* + Bx* + Cx + D, you have
p > —oas x > —and p — o as x — o if
A > 0.Furthermore, p — o0 as x — —eoand
p — —~as x — oo if 4 < 0.Because the graph has

no breaks, the graph must cross the x-axis at least one time.

103, f(=x) = agu(—x)""" + - + as(=x) + a(—x)
= —[az,ﬁlxz”“ ot oagx + alx}
= /(%)
Odd
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104, f(-x) = az,,(—x)zn + az,,,z(—x)z'ﬁz + o az(—)c)2 + a,
= @ X"+ ay, X7 4+ apx? + a
= f(x)
Even

105. Let F(x) = f(x)g(x) where f and g are even. Then F(—x) = f(-x)g(-x) = f(x)g(x) = F(x).
So, F(x)iseven. Let F(x) = f(x)g(x) where f and g are odd. Then
F(=x) = f(=x)g(~x) = [~/ (x)[-8(x)] = f(x)g(x) = F(x).
So, F(x)is even.

106. Let F(x) = f(x)g(x) where f is even and g is odd. Then

F(=x) = f(-x)g(=x) = f(x)[-g(x)] = ~/()g(x) = ~F(x).
So, F(x)is odd.

107. By equating slopes, g -2 _0- § 114. True. If the domain is {a}, then the range is {/(a)}.
— X —
_9 = 6 115. First consider the portion of R in the first quadrant:
Y x -3 x20,0<y<land x — y < [;shown below.
6 2x .
= =+ 2 = , y
7 x=3 x=3
2
[N x2+( 2x ) v an
x-=3 "
) 5 0.0 (1,0) !
108. (a) V = x(24 - 2x) il
Domain: 0 < x < 12
(b) 100 The area of this region is 1 + % = %
By symmetry, you obtain the entire region R:
-1 12 2T
-100 =2.1) 2, 1)

Maximum volume occurs at x = 4. So, the

dimensions of the box would be 4 X 16 X 16 cm. >

2 1 2
2.-1) -1
109. False. If f(x) = x*,then f(-3) = £(3) = 9, but 21
-3 # 3.
The area of R is 4(%) = 6.
110. True

116. Let g(x) = c be constant polynomial.

Then f(g(x)) = f(c)and g(f(x)) =c.
So, f(c) = c. Because this is true for all real numbers c,

f is the identity function: f(x) = x.

111. True. The function is even.

112. False. If f(x) = x* then, f(3x) = (3x)2 = 9x%and
3f(x) = 3x%.So, 3f(x) # f(3x).

113. False. The constant function f(x) = 0 has symmetry

with respect to the x-axis.
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Section 1.4 Review of Trigonometric Functions

1. In general, if 9 is an}'l angle in ra('iians, thén the angle 8. (a) O+ 27 = — s o= - 3
0 + n(27), where n is a nonzero integer, is coterminal 4 4
with 6. 9+4”:_9l+4”:7£

4 4

2. If the degree measure of angle @ is x, then the radian 8z 267

) T b) 6+2r=—+2r = —
measure of 8 is x| %0° ) 9 9
0—275:8—”—271':—1()—”
o 7 9 9
3. sin 0 = % =
yp
adj 24 9. (a) 30‘{ ”Oj =2 - 0524
cos @ = 29 - = 180 6
hyp 25 5
T V4
b) 150° =— = 2618
ang =P - T ®) [180°j 6
adj 24
. . (© 315°[ i ] =7 _ 5408
4. The amplitude of the graph of y = a sin bx or 180° 4
y = acos bx is |a|. This value is the maximum value ju o
. . - (d) 120° =— = 2.09%
of the function, and —|a| is the minimum value. 180°
A function is periodic if there exists a positive real z z
number p such that f(x + p) = f(x) for all x in the 10. (a) —200(@ =y = -0.349
domain of f. The period of f'is the least positive value
of p. ) —2409 7| = -7 _ _4189
180° 3
5.(a) @+ 360° = 36° + 360° = 396° "
6 — 360° = 36° — 360° = —324° (©) —3300(1;&)) = =7 = 5760
(b) 6 + 360° = —120° + 360° = 240° A
V4 ¥4
—360° = —120° — 360° = —480° d) 144° =—— = 2513
6 - 360 120° - 360 480 (d) [1800] 5
6. (a) 6 + 360° = 300° + 360° = 660°
37 (180° o
6 — 360° = 300° — 360° = —60° 1L (@) —A——| =270
(b) 6 + 2(360°) = —420° + 720° = 300° ) 77(180°) 100
0 + 360° = —420° + 360° = —60° ® A
Tx(180°
V4 197 _ — _105°
T.(@) 0427 = 42w =" © 12[”] 105
V4 177 °
0 -2r==—-2r=— (d) —2.367(180 j ~ —135.62°
9 V4
4 10z
b) 6 +27r =—+2r =— °
3 3 12. (a) %”(@j = 420°
V3
9—27r=477[—27z=—27” LUn(180°
(b) ——”[ j = —66°
30\ 7

(© M(ISO j = 330°
6\ 7w

180°
V4

(@ 0.438[ J = 25.1°
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13. 12.963 18. XX +12 =32 = x =8 =22
r | 8ft | 15in. 85 cm 24in. | —— mi

z 11 2 3
tan€=7=7= 4 1
s | 12ft|241in. | 63.757cm | 96in. | 8642 mi X W2 ]

115 1.6 3z 4 2z 19. 2 +3?2 =52 = y =3
4 3 4 2
cot 8 = — 3
y
50(5280
14. (a) 50 mi/h = 30(3280) = 4400 ft/min
Circumference of tire: C = 2.57 feet s
3
Revolutions per minute: 400 560.2
2.57 0
4
(b) 6 = ﬂ@ﬂ) = 3520 radians
257 20,5+ )2 =132 = y=12
Angular speed:
6 3520 radi cscp =313
Z o 27T _ 3520 rad/min y 12
t 1 minute
15. (a) x =3,y =4r =35
: _ 4 _5
sm@—g cscH—Z 3 ;
_3 _5 :
cos 6 = - sec 6 = 2
_ 4 _3
tan 6 = 3 cot 6 = T f
®) x=-12,y =-5r =13 5
: __5 __13
sin 6 = -3 csc 0 = - " e s J2
cos 6 = —% sec O = —% - (@) sin = osm R
=35 = 12
tan & = 1 cot & = 7 0s 225° = —cos 45° = —%
16. (a) x =8,y = -15,r =17 tan 225° = tan 45° = 1
. 15 17
sin 6 = 7 csc 0 = 5 (b) sin(—225°) = sin 45° = 72
8 17
cos 0 = 17 sec 8 = r} c0s(—225°) = —cos 45° = —%
an g = -2 ot @ = -5 tan(—225°) = —tan 45° = -1
8 15
. Sr . T 3
b)) x=Ly=-1r= V2 (¢) sin— = —sin— = ———
3 3 2
sin @ = —ﬁ csc @ = —\/5 coss—ﬂ- = cosE = l
2 3 3 2
Sr T
cos 6 = ﬁ sec 6 = /2 tan—— = —tan— = —/3
2 3 3
tan 8 = —1 cot 8 = -1
(d) sinl— = —si z_ 1
6 2
2,12 _ 92 _
17. ¥ +12 =22 = x=/3 cosM—cosf—ﬁ
x /3 6 2
cos @ = — = —
2 11z z NG
tan— = —tan— = ——
6 6 3
2 1
0
/3
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22. (a) sin 60° = V3
2
1
cos 60° = —
tan 60° = /3
(b) sin 120° = sin 60° = %
1
cos 120° = —cos 60° = =
tan 120° = —tan 60° = —/3
T 2
(¢) sin — = —
4 2
V2
cos — = ——
2
tan z_ 1
4
(d) sin 7 sin = = —ﬁ
4 4 2
57 V4 V2
COS — = Cc0S — = ———
4 4 2
5w V3
tan — = tan — =1
4 4

23.

24,

25.

26.

27.

28.

T 1 _ 1 _
®) ot = an(r/e) - (35 3
(a) cscg = ! = ! = /3
3 sin(z/3) (\/3/2) 3
(b) tan(-30°) = —tan(30°) = —?

(a) sin 10° = 0.1736
(b) csc10° = 5.759

(a) sec 225° = —1.414
(b) sec 135° = —-1.414

(a) tang ~ 0.3640

(b) tanlOT” ~ 03640

(a) cot 1.35 = 0.2245
(b) tan 1.35 = 4.455

29. (a)

(b)

30. (a)

(b)

31. (a)

(b)

32. (a)

(b)

33. (a)

(b)

34. (a)

(b)

sin @ < 0 = @ is in Quadrant III or I'V.

cos € < 0 = @ isin Quadrant II or III.

sin @ < 0 and cos 8 < 0 = @ is in Quadrant III.
sec @ > 0 = @ isin Quadrant [ or IV.

cot @ < 0 = @ isin Quadrant Il or IV.

sec @ > 0and cot & < 0 = @ isin Quadrant [V.

sin @ > 0 = @ isin Quadrant I or II.

cos € < 0 = @ isin Quadrant II or III.

sin @ > 0 and cos € < 0 = @ isin Quadrant II.
csc @ < 0 = @ isin Quadrant III or I'V.

tan @ > 0 = @ is in Quadrant I or III.

csc @ < Oand tan 8 > 0 = 6 is in Quadrant III.

cosé?=£
2
g%
4 4
cosﬂz—ﬁ
2
g 37 5%
4 4
secd =2
_Z T
373
sec @ = -2
_2n 4n
373
tan 8 = 1
o757
4 4
cot9=—\/§
p_ 57 lix
6 6
sintﬁ?:£
2
g 7 2
373
sing = -+ = 9= %17
6 6
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36.

37.

38.

39.

40.

tan> @ = 3
tan 8 = i\/§

T 2m 4r Srw

3737373

tan> @ —tan @ = 0
tan O(tan 6 — 1) = 0

tan 8 = 0 tan 8 =1
6 =021 9—5,5—”
4 4

2cos>@ —cos@—1=0

(2cos @ +1)(cos @ —1) =0
cos 8 = —— cos 8 =1

6 =02r

2cos?@ +cos@—-1=0
(2cos @ —1)(cos & +1) =0

2cos@—-1=0

cosé?zl

2
9=§+2n7r, + 20

or cos@+1=20
cos 8 = -1

0 =1+ 2nm

csc’@ +csc 6 =2
csc’@ +cscf-2=0
(csc @ + 2)(csc @ —1) =0

cscd+2=0
csc @ = -2
0="" o, N2 4 oun
6 6

orcscd—-1=0

cscd =1

0=E+2n7z
2

Section 1.4 Review of Trigonometric Functions

41. sec@csc@ —2csc @ =0

csc O(sec 6

~2)=0

(esc @ # 0 for any value of )

sec @ =2
g _ T 5%
33

42. sin @ = cos 6
tan € =1

W

i
4

43. cos’ 6 +sin @ =1

1—sin? @ +sind =1
sin> @ —sin 8 = 0

sin f(sin @ —1) = 0

sin 8 = 0
0=0,rx2r
44. tan® @
sec? 6 — 1

sec’ @ — sec 0
sec” f(sec 6 — 1)
sec 6

No Solutions

45. cos[gj — cos 6

o8

j(l + cos 0)

(

N | —

1
— 11+ 6
(J( cos 6)
0
0
0
cos 8 = —l
2
9=~
3

sin 8 =1

==
2

=secf —1
=secd -1
=0
=0
=0orf-1=0
sec 8 =1

6=0

I
—_

=cos 0 +1
=cos @ +1
=cos? @ +2cos O +1
= cos® 6 + (gjcos 6 + [1j
2 2
= (11(2 cos? 6 + 3 cos 6 + 1)
2
= (%](2 cos 8 + 1)(cos 6 + 1)

cos 8 = -1

0=rx

(0 = 47/3 is extraneous)

39
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40  Chapter 1 Preparation for Calculus

46. cosg —sin@ =0 49. y = 2sin2x

T+ cos 6 Period = 2—” =7

Amplitude = ‘2‘ =2

Theosb _ g 3 x
2 50. y = —cos —
) 2 2
1+ cos @ = 2sin’ @
1 0 =2-2cos @ Period = 2 _ 4r
+cos @ =2 — 2cos = Ty T
(1/2)
2cos’ @ +cos@—1=0 ; ;
(2cos @ —1)(cos @ +1) = 0 Amplitude = ‘E‘ =3
2cos 8 —-1=0 or cosf@+1=0
1 51. y = =3 sindxnx
cost9=5 cos 8 = —1
S Period = 2z = 1
g="2" 0=nr 4r 2
33 Amplitude = ‘—3‘ =3
T hY/4
0=—r,—
3 3 52. y = 2 cos zx
3 10
47. (275 ft/sec)(60 sec) = 16,500 feet ' o
Period = =
sin 18° = —2 (7/10)
16,500 )
a = 16,500 sin 18° =~ 5099 feet Amplitude =|—| = 3
16,500 ft
x 53. y = 5tan 2x
18° .
Period = —
h 2
48. tan 3.5° = and tan 9° = —
13+ x * 54. y = 7 tan 27x
(13 + x)tan3.5° = & xtan 9° = h
. T 1
Period = — = —
13 tan 3.5° + x tan 3.5° = x tan 9° 2r 2
13 tan 3.5° = x(tan 9° — tan 3.5°) 55,y = sec 5x
13 tan 3.5°
= x . 2r
tan 9° — tan 3.5° Period = ?
b= xtan9° = 13 tan 3.5° tan 9
tan 9° — tan 3.5° 56. y = csc 4x
=~ 1.295 mi or 6839.307 ft . 2r 7
Period = 7 = E
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Section 1.4 Review of Trigonometric Functions 41

57. (a) f(x) = c sin x; changing ¢ changes the amplitude.

When ¢ = -2: f(x) = -2 sin x. 25

When ¢ = —1: f(x) = —sin x.

When ¢ = 1 /(x) = sinx. /(x) = cosler): | N T |

When ¢ = 2: f(x) = 2 sin x. -25

(b) changing c changes the period.

When ¢ = -2: f(x) = cos(—2x) = cos 2x. \CfWWﬂ/
JVANNS

When ¢ = —1: f(x) = cos(—x) = cos x. o

When ¢ = 1: f(x) = cos x.

When ¢

2: f(x) = cos 2x.

(¢) f(x) = cos(mx — ¢); changing c causes a horizontal shift.

When ¢ = -2: f(x) = cos(7x + 2).

When ¢ = —1: f(x) = cos(zx + 1).

:
5

When ¢ = 1: f(x) = cos(zx — 1). A )
When ¢ = 2: f(x) = cos(zx — 2). o

58. (a) f(x) = sinx + c; changing c causes a vertical shift.
When ¢ = -2: f(x) = sinx — 2. -
When ¢ = —1: f(x) = sinx — 1. ans w{:ﬁ -
When ¢ = 1: f(x) = sinx + 1. %ﬁ
When ¢ = 2: f(x) = sinx + 2. -

(b) f(x) = —sin(27x — ¢); changing c causes a horizontal shift.

When ¢ = -2: f(x) = —sin(27x + 2). = = =
When ¢ = —1: £(x) = —sin(27x + 1), | NN GE
When ¢ = 1: f(x) = —sin(2zx — 1). M

When ¢ = 2: f(x) = —sin(27zx — 2).

(©) f(x) = ¢ cos x; changing c changes the amplitude.

When ¢ = =2: f(x) = =2 cos x. %‘:i'v‘:'\z\\‘
When ¢ = —1: f(x) = —cos x. "'57\ =74

When ¢

: f(x) = cos x. c=2

1
When ¢ = 2: f(x) = 2 cos x.
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63. y = tan 2x

Preparation for Calculus

Chapter 1
59. y = 2 cos 2x

42

S— y
R ) 4w
Rl =l Y ] T N R - Ao
o e - 15} < o — ﬂ
|||||||||||||||| 7] .. 7] .. T RN
..w '} © ..m e Q ..w ..w |||||||| SN
’|
IS .[ Il gat Il = 2 \.J « o
L e A o = +—+ +—t— a0 O J L
~ —_— W) o e - - — (¥ A, W =———__T. B .
<t W
° °
- x .
- \
/ = /n/
N — re MQJ — . 0 —
PR - oxla R Y N s ‘& o - —— ——
R o 7 <+ E - s R oo -
= R=] = 7] = e N
B = 2 8 = - - o g T
2 F g g , - _ g e~
o |5} = T + 5 - T T > S L ——
A < -~ < i ~ < i ~ —_
= — a8
3 ) =)
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67. y =sin(x + 7)

68.

69.

70.

Period: 27

Amplitude

y

01

/.

[SEES

= cos(x - ﬁ)
4 3

Period: 27

Amplitude

01

Nl

—1+cos[x—£j
Y 2

Period: 27

Amplitude

J

01

SER
[SIEY

y=1+s

N
w|%

. T
mix + —
( 2)

Period: 27

Amplitude

01

Section 1.4 Review of Trigonometric Functions 43

71. y=3+sec%

Period: 2z =4
r

2

72. y=-1-4 csc(3x - 37”]

Period: 2—”
3

y

v

24

'

1
1
'
1
1
1
1
T+
1
1
1
1
|
1
1

S

E e e
[rogs B,

i

73. y = a cos(bx — ¢)

- -

[ ——

—
—

From the graph, we see that the amplitude is 3, the
period is 47, and the horizontal shift is 7. Thus,

a=3

2—7[=47r:b=l
b 2
c V3
—=7T=c=—
b 2

Therefore, y = 3 cos[(l/ 2)x — (7/ 2)]

74. y = asin(bx — ¢)

From the graph, we see that the amplitude is 1, the

period is 7, and the horizontal shift is 0. Also, the graph
is reflected about the x-axis. Thus,

1
a=—-—
2
2—7[=7rz>b=2
b
f=0=c=o0.
b
Therefore, y = —% sin 2.x.
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44

75

76.

7.

78.

79.

80.

82.

83.

84.

85.

86.

Chapter 1 Preparation for Calculus

Yes. Use the right-triangle definitions of the 81. f(x) =sinx

trigonometric functions. .
g(x) = [sin x|

The sine function is one-to-one on the interval h(x) = sin ‘ x‘

[—%, %} Other intervals are possible. y

The range of the cosine function is [-1, 1]. The range of L ;E

the secant function is (—co, —1] U [1, o).

As @ increases from 0° to 90° with » = 12 centimeters,

x decreases from 12 to 0 centimeters,
Yy

v increases from 0 to 12 centimeters,

sin @ increases from 0 to 1, m
cos @ decreases from 1 to 0, and ’1 Q Q ‘

;

tan @ increases from 0 to (positive) infinity. 2% -z
a4
h = 50 + 50 sin 87t satisfies# = 50 whent = 0. Now ol

y

let h = 51 + 50 sin(Sm‘ - %) Then & = 1 when

/..
\VARERVA

S = 583 + 32.5 cos%t \
100
\/ The graph of ’ f (x)[ will reflect any parts of the graph of
f(x) below the x-axis about the y-axis.
) 12

0
The graph of f° ( ‘ x‘ ) will reflect the part of the graph of
Sales exceed 75,000 during the months of January,

November. and December f(x) to the right of the y-axis about the y-axis.

2

4 1 1 S MY,
g(x) = ;(sin X + 3 sin 37x + 3 sin 57rxj ]l\f\JII II'\/\)'II

-2

f(x) = i(sin 7Tx + é sin 37rxj

T

Pattern: f(x) = i(sin X + % sin 3zx + é sin Szx + -+ + sin (2n - l)ﬂx), n=123..
%

2n -1
False. 47 radians (not 4 radians) corresponds to two complete revolutions from the initial side to the terminal side of an angle.

True

1

False. The amplitude of the function y = 5

sin 2x is one-half the amplitude of the function y = sin x.

True
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Section 1.5 Inverse Functions

1. The graphs of fand f ' are mirror images with respect

2.

3.

. f(x) = 6xand g(x) =

. f(x) = 5x + land g(x) =

to the line y = x.

No. The domain of f ' is the range of f.

arccos x is the angle & whose cosine is x, where
0<8<m

. The inverse trigonometric functions are not one-to-one.
Therefore, their domains must be restricted to intervals

upon which they are one-to-one.

o=

/(g(®) = f@ - [g] = x
¢(/(x)) = g(6x) = °

=X

X
6
So, f and g are inverse functions of each other.

f(x) = %and g(x) = 4x

Flel) = stax) = 2 = x

4
x X
X = — | = — | =x
) = o 3) = 43
So, /" and g are inverse functions of each other.

x -1
5

=(x-1)+1=x

/() = efox + 1) = LD
_Sx
=T =

So, /" and g are inverse functions of each other.

10.
11.
12.

13.

14.

Section 1.5 Inverse Functions

f(x) = ;zandg(x) =3x+2

o) = fGx +2) = [(3x +32) - 2]
S S

g(f(x)) = g[x ; 2} = 3[)5 ; 2) +2

(x—2)+2=x

So, f and g are inverse functions of each other.

. Matches (c)

Matches (b)
Matches (a)
Matches (d)

f(x)=6x-3
g(x): x-g3

@ f(g(x) =

|
~
TN
=
|+
w
N
1l
)
TN
=
|+
w
N
|
w

=(x+3)-3=x
1(9) = efox - 3 = (=3

_ 6x

= =x

(b) A

45

© 2024 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



46  Chapter 1 Preparation for Calculus

(b)
8 2
17. (a)
®)

=~x* = x
(b)
19. (a) (b) 1‘
oL\ /=¢
. j_: 1 2 3
1
20. (a) f(x):1+x, x>0
1—x
g(x) = — 0<x<1
1- 1 1
slet)= A1) =z ==
X X
PERVER Bl NI
8 E0ex) T 1 Tiix 1 T
1+x
(b)

21. f(6) = sin @

Not one-to-one; does not have an inverse

22. f(x)=5x-3

One-to-one; has an inverse
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23.

24.

25.

26.

27.

28.

29.

30.

31.

flx)=2-x-x
One-to-one; has an inverse

x4

flx) == -2x?
(0=~
Not one-to-one; does not have an inverse

1
3x + 1

/()

One-to-one; has an inverse

f(x) = x+1

One-to-one; has an inverse

S(x) = tan27x

Not one-to-one; does not have an inverse

S
f(x)—sm2

Not one-to-one; does not have an inverse

-5

Not one-to-one; does not have an inverse

-1

Not one-to-one; does not have an inverse

32.

33.

34.

35.

Section 1.5 Inverse Functions 47

f(x) = 5x/x -1

12

One-to-one; has an inverse

g = (v + )

200

-10 / 2

-50

One-to-one; has an inverse

h(x) =‘x + 4‘—‘){ - 4‘

9

-9

Not one-to-one; does not have an inverse

(@ f(x)=2x-3=y
x=y+3
2
_x+3
YT
S X+ 3
= 2
(b) 1
4
Zi
r! f
AR Y SS A
_2 ¢

(c) The graphs of fand f~' are reflections of each other
in the line y = x.

(d) Domainof f: all real numbers
Range of f: all real numbers
Domain of f~': all real numbers

Range of f~!:  all real numbers
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48  Chapter 1 Preparation for Calculus

36. (a) f(x)=9-5x=y (b) 38.a) f(x)=x"-1=y
X = 9-vy x=23y+1
5 3
9 x y=<x/x+1
YT o f’l(x)=3x+1=(x+l)l/3
1 y
I3 =50 () ,
5 st 7
44 .
(c) The graphs of fand /" are reflections of each other N
across the line y = x. e . N
(d) Domain of f: all real numbers = 73///_,/ e
Range of f: all real numbers /// |
Domain of f~': all real numbers g 75_
Range of £~": all real numbers (c) The graphs of fand f ' are reflections of each other

in the line y = x.

37. (@) f(x)=x" =y (d) Domainof f: all real numbers
x=3y Range of f: all real numbers
. 1.

y= 3x Domain of f7': all real numbers
F(x) = x = Range of f~':  all real numbers

(b) f 39.() f(x)=~x=y

+ X = 2

y=x

®

(c) The graphs of fand f ' are reflections of each other 7 B
in the line y = x.

S

(d) Domainof f: all real numbers

Range of f": all real numbers o2 3
Domain of f~': all real numbers
(c) The graphs of fand f ' are reflections of each other

Range of f~':  all real numbers . i
in the line y = x.

(d) Domainof f: x>0
Range of f: y20
Domain of f™': x >0
Rangeof f™': y =0
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Section 1.5 Inverse Functions 49

40. (@) f(x)=xx20 42.a) f(x)=~x"-4 =y, x22
y=xt ¥ =y +4
x =yl x =~V +4
f—l(x) = x4 = Q/; y = \/m
y
®) . S x) =~x*+4, x20
Jdo
) ®
4
3 5
2 I 4 r
i] 1 I Il Il 3 f
R ERER ! ,
1
(c) The graphs of fand f~'are reflections of each other M S

across the line y = x.
(d) Domainof i x = 0
Rangeof £ y 2 0

(c) The graphs of fand f~'are reflections of each other
in the line y = x.

. 1 (d) Domainof f: x =2
Domainof f7: x 2 0 Range of f y >0
Range of f': y = 0 Domain of f™': x >0

Range of f': y =2
41. (@) f(x)=~4-x* =y, 0<x<2

4 - x2 = 2 43. (@) f(x)=x-1=y

x* = 4 - y? x-1=)
x=AJ4-)? x =3 +1
y= Ao y=x+1
x) = x* +1

SN(x) =~4-x", 0<x<2 /) =

(b) 2

(c) The graphs of fand f~'are reflections of each other

in the line y = x.

(c) The graphs of fand f~'are reflections of each other (d) Domain of f:all real numbers

in the line y = x. In fact, the graphs are identical. Range of f: all real numbers

. -1.
(d) Domainof f: 0<x<?2 Domain of f7': all real numbers

—1.
Range of f: 0<y<2 Range of f~':  all real numbers
Domain of f™: 0 < x <2
Rangeof f1: 0<y<2
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50 Chapter 1

44. (a)

(b)

(c) The graphs of fand f~' are reflections of each other

(d)

45. (a)

(b)

(c) The graphs of fand f~'are reflections of each other

(d)

fx)=3/2x 1=y

5 5
m-1=2| =2
3) 243
) 4243
243
5
Loy
486
X5+ 243
486

2x

_,—'—""'-Fd-

-6

in the line y = x.

Domain of f:  all real numbers

Range of f: all real numbers
Domain of f~': all real numbers
Range of f~':  all real numbers

f(x)=x2/3=y, x20

x =
y = 2

) =% x>0

-1

0 6
0o

in the line y = x.

Domainof f: x =0
Range of f: y20
Domain of f™': x >0
Rangeof f™: >0

Preparation for Calculus

46. (a) f(x) =2 =y

X =
y = 5/3
fﬁl(x) — x5/3
(®) 2
r
f
-3 3

(c) The graphs of fand f~' are reflections of each other
in the line y = x.

(d) Domain of f:  all real numbers

Range of f: all real numbers
Domain of f~': all real numbers
Range of f~':  all real numbers
x
47. (a) f(x) = ==
x+7

(b) :

(c) The graphs of fand f~' are reflections of each other
in the line y = x.

(d) Domain of f:  all real numbers

Range of f: -l<y<l
Domainof f™': -1 < x <1
Range of f~!:  all real numbers
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8. f)=""2=) xxo0
x
xX+2 =yx
x(l-y) =-2
2
X =—
y—1
2
d x -1
f’l(x) = 2 , o x#1
x -1
(b) : -
f
-6 ﬂ\ 6
-4

(c) The graphs of fand f ' are reflections of each other
in the line y = x.

(d) Domainof f: allx # 0
Range of f: ally #1
Domain of f': allx # 1
Rangeof f™': ally #0

49. 1
? b 0[1]2]4
Sx) [ 1234
x 11234
Sx) jof1]2|4
50.
x 0216
flx) |4]2]0
X 0214
SMx) |6]2]0

51. (a)

(b)

(©

(d)

52. C = §(F - 32),

(@)

(b)

(©

(d)

Section 1.5 Inverse Functions 51

Let x be the number of pounds of the commodity
costing $1.25 per pound. Because there are

50 pounds total, the amount of the second
commodity is 50-x. The total cost is

f(x) =y =125x + 2.75(50 — x)
-1.5x +137.5,0 < x £ 50

y = —1.5x + 1375
15x = 137.5 — y
(137.5 - y)

1.5

y= f) = %(137.5 )

x represents the total cost and y represents the
number of pounds of the less expensive commodity.

The range of fis [62.5,137.5], so the domain of f~'
is the same. 50(1.25) = 62.5 gives the total cost

when purchasing 50 pounds of the less expensive
commodity, and 50(2.75) = 137.5 gives the total

cost when purchasing 50 pounds of the more
expensive commodity.

If x = 73, then f7'(73) = 43 pounds.

F > -459.6
2C=F-3
F=32+3C

The inverse function gives the Fahrenheit
temperature F corresponding to the Celsius
temperature C.

For F 2 —459.6,C = 3(F - 32) 2 -273.11.

Sl

So, the domainis C = —273.1 = —2735.

If C = 22° then F =32 + 3(22) = 71.6°F.

53, fx) =vx—-2,x22

f is one-to-one; has an inverse.

y:\/m,XZZ,yZO

¥y =x-2
x =y +2

f"](x)=x2+2,x20

54. f(x) = /9 — x? is not one-to-one.

For example, f(3) = f(-3) = 0.

55. f(x) =-3

Not one-to-one; does not have an inverse.
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52  Chapter 1 Preparation for Calculus

56. f(x):‘x—Z, x <2
=—(x-2)
=2-x

f is one-to-one; has an inverse.

2-x=y
2-y=x
fx)=2-x, x=20

57. f(x) =ax+b

f is one-to-one; has an inverse.

ax+b =y
xziy_b
a
x-b
y:
a
f'l(x)zx_b, a#0
a

58. f(x)=(x+a) +b

f is one-to-one; has an inverse.

=(x+a)3+b
y - :(x+a)3
x+a=3y->b
x=23y-b-a

59. f(x) = (x - 4)" on[4, )

f passes the Horizontal Line Test on [4, <><>), so it is

one-to-one.
60. f(x) = |x + 2|on[-2, )
f passes the Horizontal Line Test on [—2, w), SO it is
one-to-one.
4
61. f(x) = — on (0, )
X
f passes the Horizontal Line Test on (0, o), so it is
one-to-one.
62. f(x) = cot x on (0, )

£ passes the Horizontal Line Test on (0, 77), so it is

one-to-one.

63. f(x) = cosx on|0, 7]

f passes the Horizontal Line Test on [0, 71'], so it is

one-to-one.

64. f(x) = secxon [O, %)

f passes the Horizontal Line Test on [0, 7[/2), S0 it is

one-to-one.
65. f(x) = (x - 3)2 is one-to-one for x > 3.
(x-3" =y
x—-3= \/;
x = \/; +3
y = \/; + 3
f’l(x)=\/;+3, x>0

(Answer is not unique.)

66. f(x) =|x — 3]is one-to-one for x > 3.

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

S x)=x+3 x=20

(Answer is not unique.)

67. (a) f(x) = (x+5)

Ay :
-12-10 -8 -6 -4 -2 2
ot

(b) f is one-to-one on [-5, «). (Note that f is also

one-to-one on (—co, —5].)

e f(x)= (x+5)2 =, x = =5
x+5:\/;
x =y -5
y=~x-5

f’l(x) =Jx -5

(d) Domainof f™:x =0
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68. (a)

2 4 6 8 10 12

(b) £ is one-to-one on [7, ). (Note that f is also (b) f is one-to-one on [4, o). (Note that f is also
one-to-one on (—se, 0].)

(c) f(x) = Jx? —4x = y, x 24

one-to-one on (—eo, 7].)

© f(x)=(x=-7)" = x27
x—7:\/; X2—4x=y2
x=7+\/; x2 —dx +4 =y +4
y=7+x (x-2)7" =y +4
fﬁl(x):7+\/; x—2=A+/y" +4
(d) Domainof f:x 20 x=2+~/0* +4

2 +~/xr + 4
2 +~/xr + 4

~
|
= <
TRT

(d) Domainof f™:x =0

(b) f is one-to-one on [O, 5]. (Note that f is also one-to-one on [—5, O].)

(¢) f(x)=-—25-x* =y, 0<x<5-5<y<0
25— x? = y?
x? =25- )2

(d) Domainof f™:=5<x <0
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71. (a) f(x) = 3cosx 72. (a) f(x) = sin3x

aln
aln +

(b) 1 is one-to-one on [0, 7[]. (other answers possible)

(b) f is one-to-one on [—E, E} (Note that other
() f(x)=3cosx =y 6 6

answers are possible.)

Y
cosx = =
3 (¢) f(x) =sin3x =y, —% <x< %
X = arccos (gj 3x = arcsin y
= arccos (1] x = 1 arcsin y
y 3 3
1 .
S7'(x) = arccos (gj /) = 3 oSy

(d) Domainof /™1 -3 <x <3 (d) Domain of /7' —1 < x <1
73, f(x) =X +2x -1

f)=2=a= 12 =1
74, f(x) = 2% + X+

fe) =2 =a= ) =l
75. f(x) = Ssinx, —% <x < %

L - G D ) D Al 22 _F

f( J Ssm( j 5(2) “3’[(2) 6
76. f(x) = cos 2x In Exercises 79-82, use the following.

f0)=1=a= f(1) =0 f(x) = §x — 3and g(x) = x’

) f(x) = 8(x + 3)and g7 (x) = Ix
_ .3 _

77. f(x) = x . 79. (£ g)1) = f-l(g-1(1)) = £ = 32

80. (g7 o /)B) =g (/) =g7(0) =0
78. f(x) =~x+4
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In Exercises 83—86, use the following.

f(x) = x+4and g(x) = 2 — 3
f(x)=x—-4andg(x) =2 -x
83. (gfl ° f’l)(x) — gfl(f—l(x»
=g ' (x - 4)
=32-(x-4)
_Yo=x
84. (f—l o g“)(x) _ (g_1 (x))
— f—1(3 5 _ x)
=3/2-x-4
85. (f < g)(x) = f(g(x))
= f(2 - x3)
=(2-x)+4
=6-x

So, (f o g)_'(x) =3/6 - x.

Note: (f o g)71 =glo !

86. (g /)(x) = g(f(x))
= g(x +4)
=2 (x+4)
So, (g © f)_1 =32-x -4

Note: (g o f) = fog™

91. y = arcsinx

Section 1.5 Inverse Functions 55

87. (a) f is one-to-one because it passes the Horizontal Line
Test.

(b) The domain of f ' is the range of f: [-2, 2].

(¢) f7'(2) = -4 because f(—4) = 2.

88. (a) f is one-to-one because it passes the Horizontal Line
Test.

(b) The domain of f ' is the range of f: [—3, 3].

(¢) f7'(2) = 1.73 because f(1.73) = 2.

89.

90.

@ 1] -0.8 -0.6 04 | 02 [0]02 |04 |06 |08 |1
y | —-1.571 -0.927 —0.644 -0.412 —0.201 | 0 | 0.201 | 0.412 | 0.644 | 0.927 | 1.571
(b) Y (c) 2 (d) Symmetric about origin:

[SIE

arcsin(—x) = —arcsin x

Intercept: (0, 0)
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92. y = arccos x

@ x| -1 -0.8 -0.6 -04 -02 |0 0.2 0.4 0.6 0.8 1
y | 3.142 | 2.498 | 2.214 | 1.982 | 1.772 | 1.571 | 1.369 | 1.159 | 0.927 | 0.644 | O
. z
(b) ) (©) i (d) Intercepts: (0, E) and (1, 0)

™

93. y = arccos x

2

1 n T
—, — | because cos| —
2 3 3
V3o (lfj
——, — | because cos| —
26 6

1

[ V2 37[] (37{}
e because cos T = -

NG

B

V2

7

94. No, g is not the inverse of f. f(x) = sin x

is not one-to-one. The graph of g is not the graph of a

function.

95. f(x)
x—1=siny

x =1+siny
Domain: [O, 2]

Range: [-7/2, 7/2]

S (x) is the graph of arcsin x

arcsin(x — 1)

shifted right one unit.

96. f(x) = arcsec 2x

2x = secy

1
X = — sec
2 y

Domain: (—ee, —1/2], [1/2, o)

Range: [0, 7/2), (z/2, 7]

97. f(x)

=
Il

Domain: (—eo, o)

Range: [0, 7]

T
arctan x + E

tan(y - Ej
2

f(x) is the graph of arctan x shifted /2 unit upward.

98. f(x) = arccos(%)
2 = cos
2 y
x =4cosy
Domain: [—4, 4]
Range: [0, 7]

99, arcsin l -z
2 6

100. arcsin 0 = 0

101. arccos l
2

102. arccos(-1) = 7

103. arctan ﬁ =
3
104. arccot(—\/g)

105. arccsc(—\/z)

z
6

hY/4

106. arcsec2 = %
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107.

108.

109.

110.

111.

112.

113

arccos(0.051) = 1.52

arcsin(—0.39) = —0.40

arcsec(1.269) = arccos[
= (.66
arcesc(—4.487) = arcsin[
= —0.22

. No. Graphically, adding a constant shift the graph

vertically.

cos[arccos(—O.l)] = -0.1

. . T T
arcsi| sin 5 =

3

1.269

4.487)

)

114. They are not equal. For example,
_ 72

115. The trigonometric functions are not one-to-one. So,
their domains must be restricted to define the inverse

116.

T
arctan 1 = — but

arcsin(1)

arccos(1)

trigonometric functions.

3

For example, arcsin(sin 27) = arcsin(0) = 0 # 27.

3

/o

i

117. arcsin(3x — 7) =
3x —m =
X =

1

2

in(+
sin(1)

3

s

undefined.

arcsin(sin x) # x for many values of x outside

l[sin(%) + ;r] ~ 1207

Section 1.5 Inverse Functions

118. arctan (2x — 5)
2x =5

119. arcsin ~/2x =

2x
2x

2x
3x

X

120. arccos x =

X =

X

=1
= tan(-1)

= (5 + tan(-1)) = 1.721

arccos ~/x
sin(arccos Jx )

Nl=x,0<x L1

1—x
1
1

3

arcsec x

cos(arcsec x)

H = % |=
—_

121. y = arccos x
cosy = Xx
122. siny = ~/1 — x?
2
123. tan y = 1=
X
124. cot y =
1-x?

125. secy = 1
X

126. csc y =

1—x

[S)

57
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. 3 3
127. (a) s1n(arctaan =3 130. (a) sec{arctan(—iﬂ =

<
IS »

w2

2

2l

X »
|
w

(b) sec(arcsin?} == i
\V
6 -5
5
4
3 131. y = cos(arcsin 2x)

6 = arcsin 2x

128. (a) tan(arccos?} = tan(%j =1 y = cos 8 = /1 — 4x?

132. y = sec(arctan 6x)
2 Y 6 = arctan 6x
y y = secd = /1 + 36x?
V2

133. y = sin(arcsec x)

.5 12
(b) cos| arcsin— | = — V3
13 13 6 =arcsecx,0< 0 <6 +

2
13 2
| y=sing = S
g

The absolute value bars on x are necessary because of the
restriction 0 < @ < 7, 6 # 7/2, and sin @ for this

domain must always be nonnegative.

x
x2-1
e

1

129. (a) cot[arcsin(—iﬂ = cot[—%j =3

134, y = sec[arcsin (x - 1):|

0 = arcsin (x — 1)
H
1
y=sec = —— )

2

0 2x — x G
-5
13 x
135. y = tan(arcsec 7)
3 X
‘ o
0 = arcsec = e
3 3
2-9

y:tan9:x
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136.

137.

138.

139.

X
csc| arctan —=
( V2 ]

y:
X
6 = arctan —
V2
242
y =csc b = ol
X

9 .
arctan — = arcsin

9
x 2 + 81

Vx%+81

arcsin

.1
(a) arccsc x = arcsin —, x‘ > 1
X

Let y = arccsc x.

s

Thenfor—%Sy< Oand 0 < y <

SER

. 1
csCy = x = siny = —.
X

. (1
So, y = arcsm(f} Therefore,
x

1

arccscx = arcsin(f}
X

1
(b) arctan x + arctan— =

ﬁ,x>0
X 2

Let y = arctan x + arctan(1/x).

tan(arctan x) + tan[arctan(l/x)]

Then tan y

_ X+ (I/x)
1 — x(1/x)

x + (1/x) o
= 0 (which is undefined).

So, y = /2. Therefore,

arctan x + arctan(l/x) = 7/2.

1 — tan(arctan x) tan[arctan(l/ x)]

140. (a)

(b)

141. (a)

(b)

Section 1.5 Inverse Functions 59

arcsin(—x) = —arcsin x,

x‘ <1

Let y = arcsin(—x). Then

-x =siny = x = =siny = x = sin(-y).
So, —y = arcsinx = y = —arcsin x.

Therefore, arcsin(—x) = —arcsin x.

arccos(-x) = 7 — arccos x, |x| < 1

Let y = arccos(—x). Then
—X = C08Sy = x = —C0sy = x = cos(7 — y).
So, # — y = arccos x = y = L — arccos X.

Therefore, arccos(—x) = 7 — arccos x.

arccot x = yifand only if cot y = x,
0<y<mrm

Forx>0,coty>03nd0<y<%.

So, tany = 1 > 0andy = arctan(l].
x X

For x = 0, arccot(0) = %
T
For x < 0, cot y < Oandz <y<um

So, tany = i < 0and arctan(ij < 0.
X X

Therefore, you need to add 7z to get

y=r+ arctan(lj.

x
y = arcsec x if and only if sec y = x,|x|2> 1,
0<y<nmy+ E.
2
So, cosy = —andy = arccos| — |
X X

y = arcesc x ifand only if csc y = x, x| > 1,

z z
Zeay<Zyro

2 Y 2 Y

So, siny = 1 andy = arcsin[lj.
x x
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142.

143.

144.

145.

146.

147.

148.

152.

153.

154.

Chapter 1 Preparation for Calculus

(a) arccot(0.5) = arctan[oisj = arctan(2) = 1.1071

(b) arcsec(2.7) = arccos(%j = 1.1914

(c) arcese(-3.9) = arcsin[?’ 9) = —0.2593

(d) arccot(—0.5) = 7 + arctan(—2.0) = 2.0344
False. Let f(x) = x.
True; if f has a y-intercept.
False

2
. T
arcsin®0 + arccos?0 = 0 + E 1

False

T
The range of y = arcsin x is [—5, E}

True

False. Let f(x) = xor g(x) = 1/x.

149. Let f and g be one-to-one functions.

Let (f o g)(x) = y, thenx = (f o g)" (). Also:

(feg)x) =y
f(g(x) =y
glx) = /()
x=g'(f')
x=(g" ()
So, (f o g) (¥) = (¢ o f)(»)and
(feg) =g'ofm
150. If f has an inverse, then f and f~' are both one-to-one.
Let (f‘l)_l(x) = ythenx = f7'(y) andf(x) = .
So, (f)" = 1.
151. Let y = sin”'x. Then siny = x and

cos(sin']x) = cos(y) = ~/1 - x?, as indicated in

the figure.

Suppose g(x)and A(x)are both inverses of f(x). Then the graph of f(x) contains the point (a, b) if and only if the graphs of

g(x)and h(x)contain the point (b, ). Because the graphs of g(x)and h(x)are the same, g(x) = h(x). So, the inverse of

S (x) is unique.

tan(arctan x + arctan y)

x+y

tan(arctan x + arctan y) = =

1 — tan(arctan x) tan(arctan y)

x+y
So, arctan x + arctan y = arctan 1 ,xy # 1.
- Xy
1 1
Let x = —andy = —.
2 Y3
1 s ! b ;
arctan| — | + arctan| — | = arctan T = arctan ]
2 3 =33 I-%

f(x) = k(Z - x - x3) is one-to-one. Because

/6 =-2

= arctan

,xy # 1
1 - xy

NN

T
= arctan 1 = —
4

155. f(x) = kx + sinx

For k > 1, f is one-to-one, and for £ < —1, fis

one-to-one. Therefore, f has an inverse for £ > 1 and
k<1
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156. 1 will be symmetric about the line y = x if f is one-to-one, and equals its inverse. So assume

f(xl) = f(xz)

axq +b _ax, + b

oy —a  cox,—a

acx,x, — a*x, + bex, — ab = acxyx, + bex; — ab
(az + bc)xz = (az + bc)xl.

So, x; = x, if a*> + bc # 0.

To show that f = f~', solve for x as follows:

ax + b

X —a
yex —ay = ax + b

(ye—a)x=b+ay

.= ay + b
yc —a

f’l(x) _ ax + b _ f(x)
o —a

So, f is symmetric about the line y = xis and only if a®> + bc # 0.

157. f is one-to-one if f(x;) = f(x,) implies x = x,.So assume

f(xl) = f(xz)
axy, +b  ax, +b
e +d ex, +d

acx,x, + adx, + bcx, + bd = acx;x, + adx, + bex; + bd

adx, + bex,
(ad — bc)x,.

adx;, + bcx,

(ad — bc)x,

So, X, = x, ifad — bc # 0. To find £, solve for x as follows.
ax + b
ex +d

yex +yd = ax + b

(ve —a)x = b - yd

c=b-yd

yc—a

. b — dx
f(x) =

cCX —a

158. y = ax® + bx + c.Interchange x and y, and solve for y using the quadratic formula.

a? +by+c—x=0

y =
—b L
Because x < >’ use the negative sign.
a

—-b — ~/b* — dac + dax

2a

) =
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Section 1.6 Exponential and Logarithmic Functions

1. f(x) = e*.Domain is (—eo, o) and range is (0, ). f is 8. (a) (22) 64
continuous, increasing, one-to-one, and concave upwards . /2
on its entire domain. (b) (54) =25
lim e* = 0and lime* = o 3x 1
o o c N(2777) 2777 = 277 =
@ [7)r)]" = [277] =
2. The domain of the natural logarithmic function is (0, ) @ (25)3/232 _ $% = (125)9 = 1125
and the range is (—eo, o). The function is continuous,
increasing, and one-to-one, and its 9. (a) e3(e4) =t = @7
graph is concave downward. In addition, if ¢ and b
are positive numbers and n is rational, then In(1) = 0, (b) (63)4 = 2
In(a - b) =Ina+ b, ln(a”) = nlna, and 2 . 1
o © () =¢*=—
In(a/b) = Ina — In b. e
d e =1
3.If Inx = b,thenx = e’ by the definition of the natural
logarithmic function. I )
10. (a) | — =e
e
4. The functions f(x) = ¢* and g(x) = In x are inverses
® (&) = e
of each other. So, In e* = g(f(x)) = x.
e™s ? e? ’ 1Y 1
5.() 252 =5 =125 ©\=] =7 " \F) T F
(b) 81”2 =9 1 3
S @ & =e
C T = — = -
() oS
" 1 1 11. 3* =81 => x =4
@27 = m =3
12. 4" =64 = x =3
6. (a) 6477 =4 s
13. 6 =36=>x-2=2=x=4
(b) 574 = i = L
5t 625 14 5 =125 > x+1=3>x=2
N’
(C) [*J = — 15 (L)X -3 2% =32 —x=5 = -5
8 2 - 3 = = —x = X
3
1 1 .
(d)(gj:a 6. () =16=24"=16=>x=2=x==2
2\(s3) — 243 _ &5 _ x-1
7@ ($)(87) = 57 = 5T = 3125 17. () =273 =27=21-x=3=x=-2
1
® (P)53) =53 =5" =~ -
(5)57) 5 18 (77 =255 5 =8 5 —r 1) =2

5+ (53)x 1 S22 +1=-2=x=-3

© 2o =~ =

19. 4 = (x+2) =2 4=x+2=>x=2

@ szx(zm) ) Hijz}x(zs)x ) (ijx(ﬂ)x - 20.33=(5x-7" =27 =(5x-7 =7 =5x-7

:>5x=14:x=%
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21.

22.

23.

24,

25.

26.

27.

¥t =8=x=8"=2"=16

(x+3)" =16 = x +3 = +16¥*

=>x+3 =128 = x =5, -11
=P x=2x+1=> x=-1
ef=l=e"=x=0
e’2X=653—2x=5:>x=—%
e3x+1=e733x+1=7:>x=§=2
y =06
x| 0]1]2
y|1]6]36

_/
[ I
y:3xfl

x| -11]0 11213
y|ls |3 1]3]09

12

10+

et

61

o
j{—l Ié?-l !
_ (1) _ a-x
y=(3 =3

x| 2(-1]0]1 2

Section 1.6 Exponential and Logarithmic Functions

30. y =2
x| =2 |-t1]o]1 |2 |3
1 1 1 1
y 16 3 1 2 16 0.002

31.

32.

33.

34.

63

%)
!

-3 =2 -1 1 3

o]
flx) =37 X
x| 0] £ | +2 T

1
y|{1|3 |00123 /\
o o
7o) =31
x| 0] £ | £2
yl1]3 9
— -
y=e ,
x|-1]0]1
1
y|e 1| —
e

y =3
x| -1 [0 |1 |2

LI B N
Y12 21212
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3. y=e"+2 39, y:e-x2
x| 2 -1 011 2 x | -1 0.5 [ 005 1
1 1 1 1 1 1
¥ ?+2 ;+2 3] e+2 | 2 +2 R Yz 1 i >
4 )
st
4 di
—/
' /\
i R R o
= ¢! y 40. y = ef"/4
36. y =e¢ ‘A
T3 1o 1113 1 x| -8 | 4]o0]2 4
N
N N s y | e2 e o] 2 =
Pl e |t e SR N A
-1+
Ll y
_f(T
37. h(x) = &2
x| 0 1 213 4
y|ie et |1 | e | é
, AL f(x) = —
3+ ¢€"
N
Because ¢* > 0,3 + ¢* > 0.
T Domain: all real numbers
i
1
_ 2. f(x) =
S S -

2-=0=>x=In2
38. g(x) = - Domain: all x # In 2

x| =2 0 2 4 43. f(x) =~1-4

) 1-420=>4"<1=>xInh4<hl1=0

Domain: x < 0

4. f(x) = 1+37

Because 1 + 37 > 0 for all x, the domain is all real

numbers.

45. f(x) = sine™

Domain: all real numbers
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46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Sf(x) = cos(Zl")

Domain: all real numbers

y = Ce*
Graph rises from left to right
Matches (c)

y=Ce™
Reflection in the y-axis
Matches (d)

y = C(l - e"”)
Vertical shift C units

Reflection in both the x- and y-axes
Matches (a)

_ C
14+ e
Matches (b)

y

Ca 1

Dividing eliminates C: 2 = S =
Ca a

So, a =%andC=4.

e =1
Inl =0
e? = 0.1353...
In 0.1353... = =2
e = 20.0855... <> In 20.0855... = 3
e =12840... &> In1.2840... = 0.25

Section 1.6 Exponential and Logarithmic Functions

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

In5 =1.609... < 604 =5
In 0.05 = —2.9957 ... <> ¢ > = 0.05

In 4.15 = 1.4231...

B Z 415
In 0.5 = —0.6931...

o093 %

S(x)=Inx+1

Vertical shift 1 unit upward
Matches (b)

f(x) = -Inx
Reflection in the x-axis
Matches (d)

f(x) = In(x - 1)
Horizontal shift 1 unit to the right
Matches (a)

f(x) = ~In(=x)
Reflection in the y-axis and the x-axis
Matches (c)

f(x)=3Inx

y

Domain: x > 0

f(x)==2hnx

Domain: x > 0

65
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66  Chapter 1 Preparation for Calculus

67. f(x) = In2x 72. f(x) = 4In(x - 2) +1

y y

)
- N W &
RN
+—+—+—+

\\\\\\

Domain: x > 0 Domain: x > 2

68. f(x) = In|x| 73. 8 units upward: e* + 8
Reflected in x-axis: —(e" + 8)

3+ y = —(e" + 8) =—-e" -8

74. 2 units to the left: e**2

6 units downward: e**2 — 6

y:ex+2_6

Domain: x # 0 75. 5 units to the right: In(x — 5)
69. /(x) = In(x - 3) 1 unit downward: In(x — 5) — 1
y=In(x-5)-1
76. 3 units upward: Inx + 3

Reflected in x-axis: In(-x) + 3

vy =In(-x) + 3

- _ 1
Domain: x > 3 77. g(x) =In Jx = Linx

_ p(1 _ 20/2mx) _ nx _
70. f(x) =Inx-4 f(g(x)) f(2 In x) e e X
! g(/(x)) = g(ez“) = %ln e = %(Zx) Ine =x
2 3 i 5 6 ! 5
N f
) S
_s4 i
78. x)) = f(ln(x + 1 5
Domain: x > 0 f(g( )) f( ( )) A
— eln(xH) 1 .
e I
y _1 =
= x 3

|
H : : ;
2 N2 ¢+ 6
1
|-z-\ = Ine*
1
1
1
1

-4+ = Xx

Domain: x > -2
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79. f(g(x) =

f(é + In \/;)

_ ez[(l/z)ﬂn Vx]-1

81. (a)

© /7
(s

82. (a) y

pd

3

lnl

3

X

()

eZ In xl/ 2

In x

e

X

g(er—l

+
5
~
ﬁ
)
i

= N= = =
+

= 3™

=

= —x

= —lnX = lnE
3 y

:lnézln3—lnx

X

Section 1.6 Exponential and Logarithmic Functions

f(x) = f*l(e4xfl) _ %(hl ol 1) ax-141) = x
() = f(i(ln X + 1)) = plinx+)-1

In x

= e =X

© fN(f(x)=s"(Be*)=m3-mBe)=lh3-n3-e™ =

f(f’l(x)) = f(lnéj = 3¢ = 3phR) = 3(2} =x

83. (a)

s

X

2 In(x - 1)

In(x — 1)
=x-1
1+ e

=1+ e

© fY(f)=s"'Chx-1) =1+ =1+x-1=x
S(7G) = S+ o) = 2m[(1+ ) - 1] = 2@] = x

X

(b)

(b)

(b)

80. f(g(x)) = f(Inx’)

67

-0.75
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68  Chapter 1 Preparation for Calculus
84. (a) y =3+ In(2x)
y =3 =In2x
e’ = 2x
x = %@‘”3
f(x) = 3¢
© f(f(x) = £+ Im(2x)) = LI = L(2x)
7)) = fFe) =3+ I(e?) =3+ (x-3) =
85. Ine” = x2
86. —4Ine* ! = —4(2x —1) = 4 - 8x
87. "2 = 55 42
88. "™V = x
89. -1 + Ine* = -1+ 2x
90. -8 + ¢ = —§ + x°
91.(a) n6=In2+1In3 =17917
(b) In2 =In2-1In3 =~ -04055
(c) In81 =41In3 =~ 4394
(@ In~/3 =13 =~0543
92. () M 025=In1=1In1-21In2=-1.3862
() n24=3In2+1In3=3.1779
(© /12 = 4(21n 2 + In 3) = 0.8283
(d Inb =In1-(3In2+2In3)~-42765
93. nX =Inx-In4
3
94. n— =In3 - Inx
X
95. Inv/x* =Inx’? = 3Inx
96. 1n[(\/})3} = In[x¥?] = 3 Inx
2
9. M2 =lnx+hy-Inz
z
98. In(xyz) =Inx+Iny+Inz
99. In(x/x7 +5) = Inx + Inx? + 5)”

In x + %ln(x2 + 5)

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

(b) 6

Yz +1 =In(z +1)” = Lin(z +1)
Z _1\2 _
In i 1=1n(x IJ =lln[x lj
X X 2 x
1
= fIn(x —1) -1
2[n(x ) nx]
=%ln(x—1)—%lnx
lnz(z—1)2=lnz+ln(z—1)2
=lnz+2In(z-1)
In3¢*> =In3+2lne=2+1mn3

lnlz

Inl —lne = -1
e
Inx+In7 =1In(x-7) = In(7x)
Iny +Inx? = ln(yxz)
1n(x—2)—1n(x+2)—lnx_2
x+ 2
3mnx+2lmy—-4lmnz=mhx>+Iny> -z
2y
=1
n =5
Pain(x+3) +nx - (s - 1)] = L2 +3)
3 3 x2 =1
2
s x(x + 3)
X2 -1
2|:lnx—1n(x+l) —ln(x—l)] = 2hlm
MRV
=1
n[xQ—J

2ln3—%ln(x2+l)=1n9—1n\/x2+1 =In

x2

+1
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Section 1.6 Exponential and Logarithmic Functions 69

(xz - 4)4 122. 100e>* = 35
112, In(x* —4) - In(x + 2) + In4 = In| ——"— e 357
X + 2 e = W = 70
_ 7
_ h{«x 2 - z)} ~2x = In[5)
x+ o 11(Z) — 11.(20
x = ~3Inf5) = $ 1n(3)
= ln[4(x - 2)] - 0525
113. ™ =5=>x=5 123. he* =15=>x=15
114. " = 20 124. ne* =6
2x =20 2x = 6
x =10 x =3
115. ¢* =12 125. Inx = 2
x =1n12 = 2.485 x=¢e = 7389
116. Sex = 36 126. In xz = -8
& = 3756 x? ="
/-8 _ 4 -4 _
x =1 (356) ~ 1.974 X = e ="e =~ +£0.018
127. In(x - 3) = 2
117. 9 = 2" =7
x—-3=¢
2" =2
. x=3+¢e® =10389
e' =
Xx=0 128. In4x =1
4x =e' = e
118. 8¢* — 12 =7 e
%' = 19 x = = 0.680
e =L
8 129. In2 + Inx = 3
x = ln(%) In2x =3
~ 0.865 2x = ¢
1,
119. e =21 x = Ee
X+ 4 =1n2l x = 10.043
x=In21-4
130. In3x + In2 = 4
x = —0.955
In(6x) = 4
1200 &3 =5 6x = ¢*
x—-3= ln5 1 4
x = —e
x =3+ 1In5 6
x = 4.609 x = 9.100
121. 50e = 30 131. n/x+2 =1
et =3 Jx+2 =€ =e
5
x+2=é
—x = In(3
(5) x=e2 -2 =538
= wlg
=~ 0.511
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70

132.

133.

134.

135.

136.

137.

138.

Chapter 1 Preparation for Calculus

In(x-2)° =12
(x—2)2=e]2
x—-2=¢°

x =2+ e = 405429

2x+1

2x + 1

>3
> In3
>In3-1

x>%[ln3—1]

e <6
he™ <Iné6
l-x<Iné6

x>1-Iné6

2 <Inx <0
e <x<e =1

1
— < x<1
ez

1< ln(x2 + 1) < 100

e<x?+1<e®

2 100 _ 4

e—1l<x" <e

Je—-1<x <" -1
(@ 3

f=g

I/

-3

(b) f(x)

I
5
VR
NS
\u_/
=
v
(e

o
-
S
= [
| |
5 B
PN

(a) 8

~_
S
N
~
=
=
Na¥
Il
=3
=
=
=
8]
+
—_
=

%[ln x + ln(x2 + 1)}

g(x)

139.

140.

141.

142.

143.

144.

No; ln(a”) = b Ina is only true when a > 0 because
this follows the properties of logarithms.
There are no real solutions of the equation Inx = e”.

One way to visualize this is to observe that the graphs of
/(x) = Inx and g(x) = e*do not intersect.

y

=2/

t
A | 1 2

ol
3+ 8.3)e
1 eay x| 11218
(1,0)
° 5 1 & ; x y 0 1 3
. i . 1
(a) yisalogarithmic function of x:  True; y = 127)26

(b) y is an exponential function of x: False
(c) xis an exponential function of y: True; 2¥ = x

(d) y is alinear function of x: False
The graph is that of y, = e~

The domain of y, = ln(e") is (—oo, o).
The domain of y, = e"*isx > 0.

No, In e* # €™ for all real values of x. They are equal
for x > 0.

10 1
= In
p In10 (IO‘IGJ

_ 10
In 10

= 10 [1n1+16ln10]
In 10

[1n I-In 10-16]

In7 + 160

n 10
=10 log, I + 160

10

In1
—50 + 160 = 110 decibels

B(107%) = 5 In107° + 160
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Section 1.6 Exponential and Logarithmic Functions 71

145. 45 ‘ 148. f(x) = Inx

.\\ / f(e™!) = f(e") = In(e"*") - In(e")

(n+1l)lne-nhe

-3 3
-5 = (n + 1) -n =1
The graphs intersect three times: (—0.7899, 0.2429), 149, n-12
(1.6242, 18.3615) and (6, 46,656). 120 =12 - 11-10---3 -2 - 1 = 479,001,600
The function f(x) = 6* grows more rapidly. Stirlings Formula:
12
146. 12! = (%j 271(12) = 475,687,487
150. »n =15
15'=15-14---3-2 -1 = 1,307,674,368,000

0 10,000

0 Stirlings Formula:
The graphs intersect twice: (4.1771, 1.4296) and s [15)15 T715] = 1300430722200

e 9 9 9 9

(5503.647, 8.6132).
1.3004 x 10"

i

g(x) = xV* grows more rapidly.
151. Let m = Inxandn = In y. Thenx = ¢” andy = €".

147 /(x) = Infx +V/* + 1) Lo
— = — = em_”
@ : yoe
X
In| = | = In(e"™"
-9 9 [J’j ( )
ln[xj =(m—-n)lne
-6 Yy
Domain: —o0 < x < o ln[x] —m—n
Yy

(b) f(=x) = In[~x + /x> + 1)
- ln[szlnx—lny,x>0,y>0

. (—x+ x2+1(—x— x2+1) y
) n_ (—x -+ 1) 152. Let m = In x.
() r=e

=In —(_x N 1) X" = (e”’)"
- Inx" = ln(e"’")

= In . In x" = mn
_(x TN 1) Inx" =nlnx

= —ln(x + \/ﬁ) = —f(x)

(©) y = ln(x +/x2 + 1)

(ey - x)2 =x?+1

2xe” =

|

Q

o | |
_ =
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72 Chapter 1 Preparation for Calculus

Review Exercises for Chapter 1

1. (1) b,e, f
(i) d
(ii1) No matches
@iv)e, f
V) a
(vi)d

2. Let y = f(x) be one-to-one. Solve for x as a function of

y. Interchange x and yto gety = f _l(x). Let the

domain of f ' be the range of f. Verify that
f(f’l(x)) = xand f’l(f(x)) =x
Example:

f(x) = x

(b)

(©)

-5 "

-1
Horizontal shift 2 units to the right.

%
o]
\

-3

A reflection in the x-axis and a vertical shrink.
\ f
q

-1

Vertical shift 3 units upward and a reflection in the y-axis.

3. (a)

(b)

(©

Letu =v=£.
2

sin (u +v) = sin(g+gj =sinz =0
2 2

. . . . T
s1nu+s1nv=s1n5+s1n5=1+1=2

So, sin (1 + v) # sinu + sinv.

Letu =v = 7.

cos (u + v) = cos (7 + 7) = cos2z =1
cosu +cosv=cosr+coswr =-1-1=-2
So, cos (u + v) # cosu + cosv.
T
Letu = v = —
4
T T
tan (1 + v) = tan| = + = | = tan = = undefined
4 4 2
V3 T
tanu+tanv=tanz+tan2=1+1=2

So, tan (u + v) # tanu + tanv.
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Review Exercises for Chapter 1 73

5. f(x) = 3cos 2x, g(x) = x|x|
(a) Domain of fi (—eo, o0)
Domain of g: (—eo, eo)
Range of /i [-3, 3]
Range of g: (—oo, o)
(b) f(-x) = f(x) = f is symmetric about the y-axis.

g(-x) = —g(x) = g is symmetric about the origin.

(c) f(x)=300s2x=032x=§+nﬂ':>x=

&8

nr
+ —_—

2
Intercepts: [% + %, OJ, n is an integer, and (0, 3)

gx)=0=>x=0
Intercept: (0, 0)
(d) y y

3
2
+ + + > X +——+ +—— x
b4 T 3 2 3 2 E
2 2
-2 2
-3

-4

() (f + g)(x) = 3 cos 2x + x|
(f = g)(x) = 3cos 2x — x| x|
(fg)(x) = (3 cos Zx)(x‘x‘) = 3x‘x‘cos 2x

)
)

= f(x‘x‘) =3 cos(Zx‘x‘)
g(f(x)) = g(3 cos 2x) = (3 cos 2x)|3 cos 2x|

= 9 cos 2x|cos 2x|

@ f(gx) = f(Vx) = (\/5)2 =x x>0
2(/(v) = g(x*) = ~/x* =[]

(b) Domain of f o g: [0, )
Domain of g o f: (—eo, o)

(c) Range of f o g: [0, o)
Range of g o f: [0, )

(d) f o g # g o f because their domains are different.
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10.

11.

12.

13.

14.

15.

Prep

aration for Calculus

5(0) - 8 = -8 = (0, —8), y-intercept

S5x -8 = x = % = (%, 0), x-intercept

Chapter 1
y=5x-8
x=0:y=
y=0:0-=
y=x>—8x+12

x=0:y=

(0)* = 8(0) + 12 = 12 = (0,12), y-intercept

y=0:x —8x+12=(x-6)(x-2)=0=x=2,6= (2,0),(6,0), x-intercepts

_x-=3
4 x—4
0-3 3 3 .
x=0:y= = — = |0, —|, y-intercept
d 0-4 4 ( 4j 7 P
x -3 .
y=0:0= 2 = x =3 = (3, 0), x-intercept
X —
y=(x-3x+4
x=0:p=(0-30+4 =-34 = -3(2) = -6 = (0,-6), y-intercept
y=0:(x-3x+4=0=x=3,-4= (3,0),(-4 0), x-intercepts
y = x* + 4x does not have symmetry with respect to either axis or the origin.
Symmetric with respect to y-axis because

y = ()" = (7 43

y = xt - ¥

+ 3.

Symmetric with respect to both axes and the origin because:

(o) = (2 -5

¥ = (_xz)

y2:x2_5

-5

(-y) =x2 -5

y2=X2—5

Symmetric with respect to the origin because:

(=x)(=») =
xy =

1
y = —Ex +

3

y-intercept: y = —1(0) +3=3

2

(0,3)

x-intercept: —%x +3

1

—_x =

2

X

Symmetry: none
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Il
(e}

yZ:x2_5

16. y = —x* + 4

y-intercept: y = —(0)2 +4 =14

0,4

x-intercepts: —-x2+4 =

(2-x)(2+x)

Symmetric with respect
to the y-axis because

—(—x)2 +4=-x+4

X




Review Exercises for Chapter 1 75

17. y = 9x — x°
9x — x2 =x(9—x2) =x3-x)3+x)=0=x=0,3 -3
Intercepts: (0, 0), (3, 0), (=3, 0)
Symmetric with respect to the origin because

S(=x) = 9(-x) - (—x)3 = -9x + x* = —(9x - x3) = —f(x)

18. y2:9—x 20.y:‘x—4‘—4
V+x-9=0 y-intercept: y =|0 — 4|-4 =|-4|-4=4-4=0
y-intercept: 1> =9 —0 =9 = y = £3 (0,0)
(0,3), (0,-3) x-intercepts:‘x - 4‘ -4=0
x-intercept: 0> = 9 —x => x = 9 |x —4|=4
(9, 0) x—4=4orx—-4=-4

Symmetric with respect to the x-axis because x=8 x=0

(—y)2+x—9=y2+x—9=0. (0.0), (8,0)

Symmetry: none

-(0. 0) (8,0)

19. y =24 - x
21. Sx+3y =-1= y=1(s5x -1
y-intercept: y = 2/4 - 0 = 24 =4 Y y 3( )
(0. 4) xX-y=-5=>y=x+5
L5y -1)=x+5
x-intercept: 2/4 — x = 0 (S —1) = x
—Sx-1=3x+15
JESx =0
4 i 0 -16 = 8x
=
4 2=x
X =
(4,0) Forx=-2, y=x+5=-2+5=3.

Point of intersection is: (-2, 3)
Symmetry: none

y
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76  Chapter 1 Preparation for Calculus

2. 244y =9 y= —2x4+ 9 26. The line is horiéontal and has slope 0.
6x — 7
6x -4y =7T=y = X (=7,8) (-1,8)
4 61
-2x+9  6x-—7 sl
4 4 2+
-2x+9=6x-7 I | x
-8 -6 -4 -2 2
—-8x = —16 o4
x=2
6(2) -7
Forx:Z,y:() :5
4 4

Point of intersection: (2, %)

23, x—-y=-5=>y=x+5

P-y=1=>y=x*-1

x+5=x-1

_ 2
0=x*-x-6 y=-3 -2
0=(x—-3)(x+2) 2x+3y+6=0 N
x=3o0orx=-2

Forx =3, y=3+5=8.

Forx=-2,y=-2+5=23.
. . . 29. Because m is undefined the line is vertical.
Points of intersection: (3, 8), (-2, 3)
x=-8orx+8=0

24. X +y'=1=y' =1-%7 1
x+y=1=>y=x+1 61
1—)c2:()c+1)2 j
-2 = x> +2x +1 L
= 2x% + 2x o _7_2" 2
0 = 2x(x + 1) al
x=0orx=-1 30. Because m = 0, the line is horizontal.
Forx=0,y=0+1=1. y—4=0x-5)

Forx = -1, y=-1+1=0. y=4dory—-4=0

Points of intersection: (0, 1), (~1, 0) y

N
25. ot
s1
44 5.4)
(59 ‘ ‘
2A/ o e
L
(1)
fa - - - 1 - x —
A 3. y-3x=5
(éj o 3 y = 3x +5
9 Slope: m = 3
310pe:27:L:§ opes
5 _ (%) % 7 y-intercept: (0, 5)
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Review Exercises for Chapter 1 77

32. 9-y = -1- —
res 38. m=-—3 0.2
y=-x+9 10-(-5) 15 5

Slope: m = —1 y—5=_—2(x—(—5))

y-intercept: (0, 9) 1

S5y —25=-2x-10 3
3.y =6 . S5y +2x-15=0 6t
A 4t
Slope: 0 7t \7
y-intercept: (0, 6) s+ RS I
4+ 24
3t —4t
0
SEEENNEEN 39. (@) y-5=gx+3)
16y — 80 = 7x + 21
34. x = -3 y 0="7x—-16y + 101
Slope: undefined 3t (b) 5x — 3y = 3has slope %
Line is vertical. T
14 y—5=%(x+3)
S N 3y —15=5x+15
-24 0=>5x-3y+30
ot (c) 3x +4y =8
35 y = 4x -2 ~ 4y =3x+8

Slope: 4 y = Tx +2

y-intercept: (0, —2)

- o ow s

<
|
w

Perpendicular line has slope %

:; ! y-=5 ;(x - (—3))

3y — 15 = 4x + 12

36. 3x+2y =12 v -3y +27=0 or y=x+9
2y = —3x + 12 3
(d) Slope is undefined so the line is vertical.
y=—x+6 _
x=-3
3 x+3=0
Slope : ——
P 2
y-intercept: (0, 6)

3. m=2-90_1
§-0 4
y—Ozl(x—O)
4
1
)’—Zx
4y —x =0
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2 x+2 x<1
40. (a) y—4=-(x-2) 45. f(x) =
3 /&) 2x -3, x>1
3y -12=-2x+4
2x +3y —16 = 0 @ f(-2)=(-2)+2=0
(b) x + y = 0has slope —1. Slope of the perpendicular ®) f(0)=0+2=2
line is 1. © fMH=1+2=3
-4 =1x-2
7 (x-2) @ f2)=202)-3=1
y=x+2
=x - 3x =1, 0
O0=x-y+2 46.f(x)={: X
(c) The slope of the line 3x — y = 0is 3. =1 x20
The parallel line through (2, 4) is @ f(-1) = ‘3(_1) - 1‘ =|-4|=4
y=4=3(x-2) (®) £(0)=0-1=-1
y—4=3x-6 | 2120
y-3x+2=0. © fO)=1r-1=
(d) Because the line is horizontal the slope is 0. (@ f(a2 + 3) = (az + 3)2 -1=a*+6a>+8
y=4
(Note: a® + 3 is always positive.)
y—4=0

47. f(x) = 4x*
41. The slope is —850. f( )

v = —850¢ + 12,500. S+ AY) = f(x)  4(x + AY)' - 4x7

V(3) = —850(3) + 12,500 = $9950 Ax Ax
4(x2 + 2xAx + (Ax)z) — 452
42. () C = 9.25¢ + 13.50¢ + 36,500 = 22.75¢ + 36,500 = .
(b) R =30t | 4x? + 8xAx + 4(Ax) — 4x
() 30t = 22.75¢ + 36,500 = o
7.25t = 36,500 ~ 8xAx + 4(Ax)2
t = 5034.48 hours to break even - Ax

8x + 4Ax, Ax # 0
43. f(x)=5x+4

(@ f(0)=50)+4=4 48. f(x) =2x-6
(®) £(5) = 5(5) + 4 = 29 ) =201)-6=-4
© f(=3)=5(-3)+4=-11 f(x) = /(1) _ (2x-6) = (=4
(d fe+1)=5t+1)+4=5+9 ol :Zx_);;lé‘
x—1
44, f(x)=x3—2x =2x—2
— (Z2) _ 9(_3) = — _ x -1
@ f(=3)=(-3) = 2(-3) = 27 + 6 = -21 s - 1)
b f(2)=2"-202)=8-4=4 T ox-1
© fl=) = (=) —=2(-)) = =1+ 2 =1 = xd
@ fle=1)=(c—1 =201 9. flx) =2 +3

Domain: (—ee, o)

Range: 3, )

A =3¢*+3¢-1-2c+2

A =3¢t +c+1

© 2024 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



Review Exercises for Chapter 1 79

50. g(x) = V6 -x 57. x+y' =2= y=*+J/2-x
Domain: 6 — x = 0 y is not a function of x.
62 x Some vertical lines intersect the graph more than once.
(=e, 6]
58. x>’ —y=0=y=x?
Range: [0, <) . .
v is a function of x.
51, f(x) = 4x +1] A vertical line intersects the graph exactly once.

Domain: (—ee, eo) 59. xy + 3% — 2y = 0

Range: (—eo, 0] (x—2)y = —x3
52 h(x) = 2 y ==X
) x+1 x =2
Domain: all x # —1; (=eo, —=1) U (=1, o) y is a function of x.
Range: all y # 0; (=0, 0) U (0, o) 60. x=9— )" = yp=+/9 x
53. f(x) = P el —x—1= xz(x +1) = (x + 1) y is not a function of x.

) Some y-values correspond to the same x-value.
= (x - 1)(x + 1)

y 6l. f(x) =3x+1g(x)=—x
(f o g)x) = f(g(x) = f(-x) = =3x +1

Domain: (—ee, eo)

Intercepts: (0, —1), (1, 0), (-1, 0)

Domain: (—eo, c0)

Range: (—eo, o)

(g = ) = g(/(v)
=g(3x +1)
=—-(3x +1)

54. g(x) = Jr+1 y =-3x-1
Domain: [-1, o) i Domain: (—eo, o)
. feog#rgef

Range: [0, <) 21
. // 62. f(x) =~/x—-2,g(x)=x"

55. h(x) =|x + 3| y

Intercepts: (-3, 0), (0, 3) (g o f)x) = g(f(x))
Domain: (—es, o) = g( ¥ — 2)
Range: [0, ) - ( X 2)
=x-2
feg#rgef
4
56. /(x) = 3

Domain: (—oo, %) U (i oo)

Range: (-0, 0) U (0, o)
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80 Chapter 1 Preparation for Calculus

— 3 2 o
63. f(x) = —3x - 5(180 ] _ 300
. V4
o O } . 72. M[lgo j = 495°
4\«
(2, -4)
- 73. —2—”(180 ] = —120°
(a) The graph of g is obtained from f by a vertical shift vz
down 1 unit, followed by a reflection in the x-axis:
g 3 2 74 _B3x(180%) _ -390°
g(x) = —[f(x) - l] = —x" +3x" +1 . 6 P =

(b) The graph of g is obtained from f by a vertical shift

upwards of 1 and a horizontal shift of 2 to the right. 75. sin(—45°) = —sin 45° = — ﬁ
gx) = fx=2)+1=(x-2)] =3(x-2) +1
cos(—45°) = cos 45° = ﬁ
64. (a) 3 (cubic), negative leading coefficient 2
(b) 4 (quartic), positive leading coefficient tan(—45°) = —tan 45° = -1
(c) 2 (quadratic), negative leading coefficient
(d) 5, positive leading coefficient 76. sin 240° = —sin 60° = _ﬁ
2
65. f(x) = x* —x? X R 1
4 ) cos 240° = —cos 60° = ——
) = () = (0 = -2 = (%) 2
s even. tan 240° = tan 60° = /3
_ 4 2 _
fx) =x"=x* =0 77.sin137”=sin%=%
xz(x2 - 1) =0
3 3
Cx+)(x-1)=0 cos 7” cos — = %
Zeros: x = 0, -1, 1 137 x \/§
tan T = tan — = T
66. f(x) =~/x +1
3

}(-X) = Je) 1= 78. sin[— i j =sinZ =

f is neither even nor odd.

cos| _Ar) —cos z_ 1
flx)=~x*+1=0 3 ) )
¥+1=0
tan —4—” = —tan L. —\/E
X =-1 3 3
Zero: x = —1
79. sin 405° = sin 45° = £
T 177 2
67. 340‘{—0) =— = 5934 e
130 9 cos 405° = cos 45° = -
68. 300 —F_| = 2% _ 536 tan 405° = tan 45° = |
180° 3
80. sin 180° = 0
69. —4800( ”Oj = _Si ~ —8.378 cos 180° = —1
180 3 tan 180° = 0
70. —900°[—1;0j = —57 ~ —15.708 81. tan 33° = 0.6494
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2 2 _
ot 401° = 14010 ~ 11504 92. 2sec’@ +tan’ @ -5=0
tan 2sec29+(56020—1)—5=0
2 _
csee o L 39361 3sect 6 =6
5 cos(127/5) sec’ @ = 2
o 1 sec 8 = +-/2
. csC — = ———— = 1.5557
9  sin(27/9) 9=" 3z Sz Im
4 47 4 4
([
. s1n[—§j = —0.3420 93. y = 9cosx !
Period: 27
: cos(—%”] ~ 02225 Amplitude: 9
.2cos8+1=0
cos 8 = L
2
g2 4r 0y = s
33 .y = sin zx
Period: 2
. 2cos? 8 =1 Amplitude: 1
cos’ 6 = 1
2
cos 0 = iﬁ
2
g% 3 SmIn
447 4 4

95. y = 35in%

2sin’ @ + 3sin 6 +1 .
s s Period: 57

(2sin@ —1)(sin 6 +1) =0 )
Amplitude: 3 \

sin 8 = —%orsine = -1

- now

p_Tx iz o 3n
6 6 2

cos®> @ = cos 0

cos 6’(cos2 g - 1) =0 9. y =8 cos%

2 )
cos 6’(—sm 0) =0 Period: 87

cos @ =0orsinf =0 Amplitude: 8 /\ /\
o
9 — E’ 3£ or + x

sec?@ —sec@ -2 =10
(sec @ — 2)(sec @ +1) =0

sec @ = 2 orsec 8 = —1
cosezlorcosﬁz -1
2
ezﬁ,s—ﬂorazﬂ
33
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82  Chapter 1 Preparation for Calculus

97. y = % tan x 99. y = —sec 27x R

Period: 7 ) 1 Period: 1 v}
1 2

1
el

| |

> -

t

S L)
=
a=scovlg

100. y = —4 csc 3x y

3 Period: 2—”
Period: 27 2 3
1

X
98. = cot —
Y 2

E]
oA
Sl

101. (a) f(x) = 4x — 1, g(x) = x:‘"l
f(g(x)):f(x:1j=4(x:1)—1=(x+1)—1=x
s((0) = glax -1y = BB LA

(b) A

x

= T

102. (a) f(x) =~/x+3, g(x) =x>-3,x20

Sel) = /(¢ =3) = J¥ =3)+3 =V =x (x20)
g(f(x))zg(\/x+3)=(\/x+3)2—3 =(x+3)-3=x
(b)
N
103. f(x) = x* +2x +1 104. f(x) =2-%°
Not one-to-one; does not have an inverse. One-to-one; has an inverse.
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10s.

106.

107.

108.

109.

f(x) = csc3zx
Not one-to-one; does not have an inverse.

f(x) = 2x + cos x

One-to-one; has an inverse.

(a) f(x) = %x -3 (b A
y = %x—} SWAL -
20y +3)=x
2zx+3) =y
SMx)=2x+6

(c) The graphs are reflections of each other in the line
y =X
(d) Domain f: all real numbers; Range f: all real numbers

Domain f':all real numbers; Range f':all real

numbers
(@ f(x)=5x-7 (b)
y=5x-17
y+7:x
5
x+7
5 Yy
_ x+7
i =2

(c) The graphs are reflections of each other in the line
y=2x

(d) Domain f: all real numbers; Range f: all real numbers
Domain f':all real numbers; Range f':all real

numbers

<
1]
=
+

<
o

|
—

1]

=

(b)

-2 -1 12 3 4
-1®

24

(c) The graphs are reflections of each other in the line
y =X
(d) Domain f: x = —1;Range f: y 2 0

Domain f™': x > 0;Range f':y > -1

110. (a)

111. (a)

Review Exercises for Chapter 1 83

flx)=x+2
y=x+2
Jy—-2=x
3x—2=y
f’l(x)=3x—2

(b) f

(c) The graphs are reflections of each other in the line
y =X
(d) Domain f: all real numbers; Range f: all real numbers

Domain f~':all real numbers; Range f~':all real

numbers
f(x) =x+1
y=</x+1
y3 -1=x
¥ -1=
)= -1
(®) :
4+ !
3L
N I

(c) The graphs are reflections of each other in the line
y =X

(d) Domain f: all real numbers; Range f: all real numbers

Domain f':all real numbers; Range f~':all real

numbers
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112.

113.

114.

115.

116.

117.

Chapter 1 Preparation for Calculus

x>0

(a) f(x) = x2 -5,

x> -5

y
Ny +tS=x

(b)

(c) The graphs are reflections of each other in the line
y =X

(d) Domain f: x = O;Range f: y = -5
Domain f~': x > —5;Range f': y >0

f(x) = sin 37x is not one-to-one and an inverse does

not exist.

f(x) =‘x+3

f(x) = x + 3 becausex > -3.

,x = —31is one-to-one.

Therefore, the inverse function is
y=x+3=x=y-3= f'(x)=x-3,x20.

fx)=x"+2x+2,x20
=@ ) +Lx20

By the Horizontal Line Test, /" is one-to-one on [0, oo).

S(x) = sin g, [-7, 7]

By the Horizontal Line Test, f is one-to-one on the
interval -7 < x < 7.

f(x) = 2 arctan(x + 3)

|
EN

1
IS

|
~
~

118. h(x) = -3 arcsin(2x)
o
'ERNE
4
119. arctan 1 = z because tan - 1.
4 4
120. arccsc —M -z because
3 3
csc(——) = ! = ! 2
sm( ] ;\/5 \/E
3 2
121. arccos(2x + 1) = 2
cos 2 = 2x + 1
1
X = E(COS 2-1) = -0.708
122. arcsec 2x = arctan x
2x = sec(arctan x)
2x =1+ x?
432 =1+ x4, x>0
3x? =1
| tany = x
X = —
V3
1
123. (a) Let & = arcsin >

sin @ = l
2

y = arctan x

. ( . 1J . 1
sin| arcsin — | = sin @ = —
2 2

(b) Let 6 = arcsin%

sin 8 = l
2

-l5

o1
cos[arcsm EJ =cosd =
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124. (a) Let @ = arccot 2 ! s 12
cotd = 2. \/5 1 130. [7} =49 =7 = (;j
tan(arccot 2) = tan 6 = 1 [ x+1=-2
2 2 x=-3
(b) Let 6 = arcsec ~/5
131 f =
sec 8 = /5.
NG ! y ‘
cos(arcsec \/5) = cos @ = — 2
s ) = os0 = !
0 i
1 ¥
125. Let  y = arctan 2x - RS
tany = 2x. o
sin(arctan 2x) = sin y 132. f = 4e™*
_ 2x
N1+ 457
126. Let y = arcesc — '
-s—-z-z-:—
_X G
cscy = 7 »
cos(arccsc %j = cos y x . 133. f(x) = €' matches (d).
5 The graph rises from left to right and the domain is all
_NX x_ 16 V16 real x.
134. f(x) = ¢ matches (a).
127. (a) (33)(3_1) =3 =9 The graph falls from left to right and the domain is all
y real x.
(b) (3*) =3* = 6561
3 135. f(x) = In(x + 1) + 1 matches (c).
(C) - = 36 = 729 . . . .
3 The graph is a vertical shift upward 1 unit and a
2 horizontal shift to the left 1 unit of f(x) = In x and the
d) 192_1(92)_9 o
( 3 9 domainis x > —1.
128. () (62)*2 et = % 136. f(x) = —In(x + 1) + 1 matches (b).
3 ¢ The graph is a vertical shift upward 1 unit, a horizontal
(b) (eﬁ) =2 shift to the left, and a reflection in the x-axis and the
domain is x > —1.
e’! e?
© —F=—7=e
e e 137. f(x) =Inx+3 v
-2 2
() Ej _ [ﬂ} _ 16 Vertical shift three units T
4 e ¢ upward. 4T
Domain: x > 0 1
129. 32 =81 = 3* 2
.
f = 4 4 + 4 x
2 12 3 4 s
x =38
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86 Chapter 1 Preparation for Calculus

138. f(x) = In(x - 1) f . 140. ln[(x2 + 1)(x - I)J = ln(x2 + 1) +In(x - 1)
Horizontal shift one unit 1 E
to the right. o / 141 3+ 2 mn(4-x) —Inx =3+ mY4— 2 —Inx
Domain: x > 1 E 1 3
Ll s _ 1{33/4 - xz]
: X

2 _ —
130, In g/ =L 1y, @x=Dx+)
4x* +1 5 4x* +1

- é[ln(Zx 1)+ In(2x + 1) - In(4x* + 1)

6 25%°
142. 3Inx - 2In(x* + 1) + 2In5 = 30 x = 6In(x* + 1) + In 5 = In x’ —In(¥* +1) +1In25=Inj———
(xz + 1)
143, _4 4 3.2 = ¢ 145. f(x) = /x, (4,2)
-2x _
N @ m 32
-2x _ == - =
e =L 'T9-4"5
Ine™ =In % The slope of the tangent line at (4, 2) is greater than
—-2x =1In % m.
x = -1l ~ —0.602 b _1-2_1
P ®) =8 73
144. Inx + In(x - 3) = The slope of the tangent line at (4, 2) is less than
Inx(x -3)=0 m,.
— — 0 — .
x(x-3)=e¢ () my = 21-2 - o1 - 10 ~ 0.2439
23 _1=0 441-4 041 41
o 3+ 13 The slope of the tangent line at (4, 2) is greater than
2 ms.
_3+4/13 f@+h -2 Ja+h-2
X =——" (d) Slope = =
2 (4+h) -4 h
3 -+/13
onlybecauseT<0. © Na+h-2 A+ h-2 NA+h+2
h h NA+ho+2
4+ h) -4
h[\/4 +h + 2}
_ 1
Jath+2
As h approaches 0, the slope approaches
1 1
= — = 0.25.
Ja+2 4
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Problem Solving for Chapter 1
1. (a) X2 —6x+ 2 -8y =0
(x —6x +9)+ (y* =8y +16) = 9 + 16

(x =37 +(y-4)
Center: (3, 4); Radius: 5

25

(b) Slope of line from (0, 0) to (3, 4) is g

Slope of tangent line is —%. So,

y-0= —%(x -0)=>y= —%x, Tangent line

4-0

(c) Slope of line from (6, 0) to (3, 4) is P = ——

Slope of tangent line is % So,

3 3 9
-0==x-6) = y==x——, Tangent line
4 S =6 =y = x -y, Tang

3 9
d) —x=—-x-—
@ 4 2
3 9
2x =2
2 2
x=3

Intersection: (3, —%j

Problem Solving for Chapter 1 87

2. Let y = mx + 1be a tangent line to the circle from the

point (0, 1). Because the center of the circle is at (0, —1)

and the radius is 1 you have the following.

X+ (y+ 1)2 =1

A +1+1)7 =1

(m2+1)x2 +4mx +3 =0
Setting the discriminant b> — 4ac equal to zero,

16m* — 4(m* +1)(3) = 0
16m* — 12m* = 12
am* =12
m=+3

Tangent lines: y = 3x + land y = —3x + 1.

. The length of the trip in the water is ~/2% + x?, and the

length of the trip over land is /1 + (3 — x)z. So, the
JiTE o
+
2 4

total time is 7' = hours.
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88  Chapter 1 Preparation for Calculus

4. (a) f(x+1)

b)) f(x)+1

c) 2f(x —
© 2/(%) 5.(a)x+2y:100:>y:1002x
100 — x x?
Alx) =xy = x = —— + 50x
(9= = o] = -2
. Domain: 0 < x < 1000r (0, 100)
(b) 1600
(d) f(_x) 0 110
0
4l Maximum of 1250 m?at x = 50 m, y = 25m.

(c) A(x) = —%(x2 - 100x)

= —%(x2 —100x + 2500) + 1250

—1(x - 50)" + 1250

A(50) = 1250 m* is the maximum.

® —f(x) x=50m, y=25m
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_ _ 3(.2
6. (2) 4y +3x =300 = y = y (©) A(x) = —3(x* - 100x)
, = —3(x* = 100x + 2500) + 3750
Ax) = x(2) = x 300 — 3x) _ —3x? + 300x
Y 2 2 = —3(x - 50)° + 3750
Domain: 0 < x < 100 A(50) = 3750 square feet is the maximum area,
(b) y where x = 50 ftand y = 37.5 ft.

4000 +
3500 +
3000 +
2500 +
2000 +
1500 +
1000 +

500

N .
u t t t 4
25 50 75 100

Maximum of 3750 ft> at x = 50 ft, y = 37.5 ft.

7. f(x) =€ —e
8
6l
4
. R e
y = eX — e*){
yex — er _ 1
( ex)z —ye"—1=0 (Quadratic in ex)
ex = )}-_’-7 Vy2+4
2
2
& = YENY 2 \,2y+4 (Use positive solution.)
o = x+Nx? +4
2
5 x+x+4
f '(x) =y=1In > } Inverse
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(a) Domain: all x # lor (=, 1) U (1, )

Range: all y # 0or (—ee, 0) U (0, o)

(b) f(f(x))=f(1_1xj=l_(11 ]: 1—)1c—1

Domain: all x # 0, Lor (—eo, 0) U (0, 1) U (1, o)

© () = f[" - 1] - (1) - i .

9. ddy = 1
[0y + 2 -1+ 2] =1

(x+1)(x = 1) + yz[(x 1)+ (x - 1)2} oyt =1
(x2 - 1)2 + yz|:2x2 + 2:| +y* =1

¥ = 2xr + 1+ 20+ 27+t =1

(x4 + 2x%y? + y4) -2x2+2y* =0 T

/2,00 'T /2.0
/

(x + yz)z = 2(+* - »?) ’\OO s
-2 \ 2

Let y = 0.Then x* = 2x2 = x = 0or x? = 2. 1L 0,0

So, (0, 0), (\/5, 0) and (—\/5, 0) are on the curve. T

© 2024 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



	Calc ETF 8e_01_CSM_a
	Calc ETF 8e_01_CSM_b

