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107, Let f(t) = nton [x,5], 0<x< y 108. F(x) = J.jx%dt, ‘>0

~ By the Mean Value Theorem, 1 1 :
_ F'(x) = =—(2) - = = 0 = F is constant on (0,
f(y) f(x) =f’(c), x<c<y, 2x X (
yox Alternate Solution:
my-lnx 1 2
Tyox @ F(x) = [In¢]” = In(2x) - Inx
111 : =lm2+lhx-lnx
Because 0 < x < ¢ < y,— > — > —. So, 1 )
x ¢y =1n2

l(lny-—lnx

1
< —
y y-x x
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L@  flx)=5x+1 @ S
z::.'(x)=";1 ‘ g(x) = Y5
X - X - ) ) = \3/; - %/;3——-):
7o) = 1[5 = {25241 - 5 7(e) = 1(345) = (¥5)

g(F() = e(5x +1) = @—_—;)—-—l =x ®) ;

(b) ' ' . T

4. (a) f(x) =1-x

2. flx)=3-4x glx) =J1-x
8 = 253 7(e) = SRA=3) =1 - R3]
3y 3—-\x =1-(1-x)=x
f(g("))=f[ 2 )=3_4[ 4 )” g(/(x) = gt - ¥)
() = e - o) - =L - -] - 4P = s

®
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(b) ¥

L@ S =4
g(x) = x* + 4,
f(g(x)) = f(x2 + 4)
= (x2 + 4) -
g(/) = g(Vx=14)
= ( x - 4)2 +
® 3
6.@ f(x)=16-x, x
g(x) = 16 - x
Ae() = 7(Vi6 -
=16 - (16 - x)
g(/(x) = g(16 - #*) =

7. (a)

/()
g(*)
He)
g(7())

(b

v

it

x-4+4=x
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Inverse Functions

]
8. (a) f(x)=-]—;—x, x20 | ?”
g(x)=]~x O<x<l ' ‘\\>
x - '
1-x 1 1
o)
' X X
(70) = o i e |
L e e e
T+x
b
9. Matches (c)

1

<

. Matches (b)

1

ok

. Matches (a)
12. Mz-Ltches (d)

13. f(x) =3x+6

Y
N

~10 2
'/'

One-to-one; has an inverse

f(x)=5x-3

1

14.

{

—a I},

s

One-to-one; has an inverse

15. f(6) = sin 6

15

~N
(V4 \

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

wl|§
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470 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

16. f()...;_.+_4 22, h(x) =|x + 4|-|x - 4

9

-9

-9 i 9
-9
s
Not one-to-one; does not have an inverse Not one-to-one; does not have an inverse
17. Ks) = —~3 : : 8. f(x)=2-x-2
\ . (%) = -1-3x* < Oforall x
|
I { 8 v fis decreasing on (oo, ). Therefore, fis strictly
——n—_\ _ monotonic and has an inverse.
—— 24, f(x) =x - 6x* +12x
One-to-one; has an inverse F(#) = 3%% —12x +12 = 3(x — 2)" 2 0 foral
18 g( ) fis increasing on (—co, oo). Therefore, fis strictly
\/ z‘2 : monotonic and has an inverse.
3
4
X
x) = = - 2%
. _,_,..-"”’-““‘w___ . f’(x) = x> — 4x = O when x = 0,2,-2
— fis not strictly monotonic on (—w, ®). Therefore, /'do
Not one-to-one; does not have an inverse not have an inverse.
19. f{x)=lx : 26. f(x) = x*+ 20
2 f(x) = 5x* + 6x* 2 Oforall x

/ . fis increasing on (-, ®). Therefore, £ is strictly

monotonic and has an inverse.

= - 27 (%)

One-to-one; has an inverse
/(%)

20. f(x) = Sx/x ~ 1 ' x-3

fis increasing on (3, ). Therefore, fis strictly

In(x-3), x>3

>0forx >3

]

12
monotonic and has an inverse.

3x
f(x) = cos >
’ ) 3.3 2 4
e X T 4r
’, b= el i —— I = —— — &
One-to-one; has an inverse f(x) = sin 0 when x = 0, —, 3
21. g(x) - (x + 5)3 ‘ fis not strictly monotonic on (-—oo, oo). Therefore, fdoes -
20 not have an inverse.
-10 /,_ / 2
~560
One-to-one; has an inverse
© 2014.Cengage Leamning. All Rights Reserved, May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or'in part.




1§

{x - 4)2 on [4, ©)
2(x - 4) > Oon[4, )

/()
A

/s increasing on [4, «). Therefore, fis strictly

monotonic and has an inverse.
0. f(x) =|x + 2|on[-2,)

. x+ 2
ey =22

) =1>0o0on[-2,x
x+ 2 () - [ )
fis increasing on [-2, o). Therefore, fis strictly

monotonic and has an inverse.

4
-~ on (0,
£ on (0,)

~

—
=

N
]

8
-— <0 0,
> < O on (0, »)

l\‘1
—
i
fas
L}

* fis decreasing on (0, oo). Therefore, fis strictly

monotonic and has an inverse.
2. f (x)
J'(x)

Jis decreasing on (0, ). Therefore, fis strictly

cot x on (0, 7)

]

~cse’x < 0on (0, 7)

monotonic and has an inverse.

i

B 1)
1)

fis decreasing on [0, It]. Therefore, fis strictly

cos x on [0, 7]

B

—sin x < Oon (0, 7r)

monotonic and has an inverse.

sec x on [0, -EJ
2

J'(x) = secxtanx > Oon (0, 12[-)

AN

4. f(x)

fis increasing on [0, z/2). Therefore, f'is strictly
monotonic and has an inverse.

3. @) f(x)=2x-3

Section 5.3 Inverse Functions 471

=y
x = y+3
2
X +3
Y5
" x + 3
X} =
e = 2
(b) i
4t .
I
24 "
FLTT
Ty
_2--1.
y

(c) The graphs of fand 7 are reflections of each other
across 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

36. (@) f(x) = 7-4x = y

. e 4
4
_ T-x
Y=g
7 -x
ﬂlx__
-
(b) i
v
T

(¢) The graphs of fand f~' are reflections of each other
across 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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B 472 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

3. @) fl) =2 = 39.(a) f(x)=~x=y

X =y
2

2

y=1x
flx)=x* x20

(c) The graphs of fand 1 are reflections of each’c#

(c) The graphs of fand £ are reflections of each other across the line y = x.

across the line y = x.

(d) Domainof /@ x2=0
(d) Domainof f: all real numbers

Range of [ yz0

. Range of f: all real numbers Domain of f~: x > 0 -
Domain of f~: all real numbers Rangeof 7'; y 20
Range of f~':  all real numbers ,
' 40.(a) f(X)=x*=y, x20
8. f)=x-1=y

-
x=3y+1

3 1 , Coy=a

y=<x+ . ]
) ' (x) = Jx
x+1=(x+1) '
(®)
at !
3
24 !
¥ 1
e s et

(c) The graphs of fand 7 are reflections of each other () The graphs _Off and /™" are reflections of each oth

across the line y = x ) across the line y = x.
in of f:

(d) Domainof f: all real numbers (@) Domainof f: x i z
Rangeof f: all real numbers gange' of { » y 2
Domain of ~': all real numbers omain : {1 | ; ’
Range of f~':  all real numbers Rangeof f~: y2
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a) f(x)= 4-x2 =y 0<x<2

4-x =y
xt =4~y
X = \f4 -
y =4 -x

(c) The graphs of fand f are reflections of each other
across the line y = x.In fact, the graphs are
identical.

(d) Domainof f: 0<x<2
Range of f: 0<y<2
Domainof f™: 0<x <2
Rangeof f™: 0<y<2

2@ f(x)=~x"-4 =y x22
» =3yt +4
x =4yt +4
y =~x'+4

(b)

(c) The graphs of fand f~! are reflections of each other
across the line y = x '
(d) Domainof f: x22

Range of f: y20

Domainof /' x>0

Rangeof f': . y=>2
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43. (@) f(x) =</x-1

=Y

x-1=3
x =3 +1
y=x+1
S x) = +1

(b)

SRR
e
e

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

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

all real numbers

Range of f~':  all real numbers

44.(a) f(x)=2P =y, x20
x = yz/z
y = X2

I(=) =‘x3/2, x20

-

(c) The graphs of fand /! are reflections of gach other
across the line y = x
(d) Domainof f: x 20
Range of s y=20
Domainof f™: x > 0
Rangeof /™1 y 20
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X
2

intheline y = x
(d) Domainof f:
Range of f:
Domain of f~':
Range of f~':

45. (a) f(x) = Nl =y

x =pxt +7

(c) The graphs of fand " are reflections of each other

all real numbers
-l<y<l
-1<x<1

all real numbers,

46.

47.

474 Chapter S Logarithmic, Exponential, and Other Transcendental Functions

X+ 2
X
X4+2 =

@ f(¥) =

]

y, x=0

(c) The graphs of fand ./~ are reflections of each

inthe line y = x

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

x 0l1}1213
fGx) |1]2(3}4

X 11213

M) (o2




Section 5.3 [nverse "Fu'n‘c‘fmns_

i

(a) Letxbe the number of pounds of the commodity 53, f(x)
costing 1.25 per pound. Because there are 50 pounds
“total, the amount of the second commodity is 50 — x.

]xf2|,x$2

-(x-2)

- The total cost is =92 - x
‘ y = 1.25x + 1.60(50 ~ x) fis one-to-one; has an inverse
= -0.35x + 80, 0 < x<50. l1oa=y
(b) Find the inverse of the original function. Iey=a
y = —0.35x -+ 80 MEy=2-x x20
0.35x = 80 -y ‘ sa f(x)=ax+b 1
x = (80 - y) , , ;
fis one-to-one; has an inverse '
Inverse: y = 12(80 - x) = 22(80 - x) a+b=y .
x represents cost and y represents pounds. =2 b
(¢) Domain of inverse is 62.5 < x < 80. a
(d) If x = 73 in the inverse function, y= x-b
y = 130—;)(80 -7 = 1%0 = 20 pounds. l 5 i b
F(x) = — @ # 0

50. C = 3(F - 32), F 2 -4506 ,
55. f(x) = (x - 3)2 is one-to-one for x = 3.

(@ 2C = F - 32
3 =
F=32+%C (-3 =v

(b) The inverse function gives the temperature ' ¥-3= \/;

corresponding to the Celsius temperature C. Tx= \/; +3
(c) For F > —459.6,C = 3(F - 32) 2 -273.11. y=<Jx+3 \

— -1 _ .
Therefore, domainis C = ~273.1 = —273%. (=) = Vx 43, x20 /)
(Answer is not unique.) \.w

(d) If C = 22° then F = 32 + (22) = 71.6°F.
56. f(x) = 16 — x* is one-to-one for x 2 0.

51. f(x) = ~/x - 2, Domain: x 2 2 .
: ) 16-x" =y
f'(x)=ﬁ\/—=-_——-—5>0forx>2 . 16_y=x4
fis one-to-one; has an inverse Y16~y = x
[x—2=y Y16-x =y
x=2=) ) =16-x, x<16
x=y"+2 (Answer is not unique.)
y=x 42 57. f(x) =|x + 3]is one-to-one for x = -3.
M)y =x+2 x20 .
JLRE I B %)
52. f(x) = -3 x=y-=3
y=x-3

x-3 x20

]

f'l(J;)

(Answer is not unique.)
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ng'arithmic, Exponential, and Other Transcendental Functions

58, 7 x) = } x - 3[ is one-to-one for x 2 3.

x~3=y 1
x=y+3 : fx) = E(Sx4 + 6x2)
= 3 ‘
. y=xw J is monotonic (increasing) on (-, ©) therefore
@ =x+3 520 inverse. 7
(Answer is not unique.) 1 ;
f(-3) = 57(—243 ~54)=-11=> S
59. Yes, the volume is an increasing function, and therefore
one-to-one. The inverse function gives the time ¢ ( f“‘)'(—l 1) = 1 = 1
corresponding to the volume . ‘ S I(f (-1 1)) /(3
60. No, there could be two times t # t, for which : = 1 = 1 '
4 2
(1) = h(s,). 57(5(”3) +6(-3) ) ‘27(4§9)
61. No, C(t) is not one-to-one because long distance costs 66. f(x) =~x—4, a=2 x>4
are step functions. A call lasting 2.1 minutes costs the 1
same as one lasting 2.2 minutes. f(x) = PNy > 0 on (4, )
x —
62. Yes, the arca function is increasing and therefore one-to- Jf is monotonic (increasing) on [4, o) therefore S has
one. The inverse function gives the radius r corresponding inverse ’
to the area 4. )
/@ =2= ri@2)=3
63. f(x)=5-2x a=17 1 1
N i 8 = - —
f(x) = 622 f(_) 28-4 4
Jis monotonic (decreasing) on (-, ) therefore fhas an ’ ( Fa ”)'(2) = — I_l 5 ='7,l(§ = 1/% =4
inverse, ' f(f ( ))

S =7 1) = )

Y N 1 _ 1 _ 1 = __1
VO Ty T ey

67. f(x) =sinx, a= l/2,—% <xs %

T
") = Oon|-Z %
S(x) = cosx > on( 5 2)
64 f(x)=x+2x~-1, a=2

T zax ’ o
is monotonic (increasing) on | ——; = | therefore /'h
S =32 +250 f ¢ 2 [ 2 2} d

J'is monotonic (increasing) on (o, 00) tﬁerefore fhas an an inverse.
inverse, ' f(%) = sin% = _;_ = f—l(%) = .765
) =25 @) =1 (0]
1Y (9} = ! - 1.= 1 -1 A (EJ= A ,af 1
(f )(2) f'( f‘l(Z)) f'(l) 3(12) + 2’: 5 flr l(_z_))
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8. f(x)=cos2x, a=102x<7/2
f'(x) = —2sin2x < Oon (0, z/2)

£ is monotonic (decreasing) on [0, 7/2] therefore /has
- an inverse.

f©@ =12 7)) =0

1Y - ! = ! = 1
(f ) (1) = f'( = (])) f’(O) -2sin 0

1
0

So, ( 7 “)' (1) is undefined.

9.f(x)=zig, x>0,a=3
(o (5220 - ()
ey - =2
-8
= (x—2)2 < Oon (2,)

£ is monotonic (decreasing) on (2, o) therefore fhas an
* inverse.

f6)=3= (3 =6

N D U 1 .
)6 - (@) 716e g6 -2y

0. f(x)=§+::, x>-1, a=2
vy = GO0 =G+ 3
&) (x+l)2
-2
= o 7 < Oon(—l,w)

fis monotonic (decreasing) on (—1, oo) therefore f has an
inverse.

=2 7@) =1
1

Y () _ 1 _ 1 - o
(f ) (2) = f'( f-1(2)) f'(l) (_2) /(1 + l)2 2

© 2014 Cengage Learning. All Rights Reserved. May not be
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(o0, )

(o0, 0)

71. (a) Domain f = Domain /™' =
(b) Range f = Range /™' =
(c) ¥

@ 1) = #, (1 1]

%
f(x) = 3*

72. (a) Domain f = Domain f~ = (-0, ®)

(b) Range / = Range [~ = (-, )

@ f(x)=3-4x (1,-1)

fi(x) =4
1) = -4
@ =2 )
1Y 1
(@ =-3
(Y=

d, or posted to & publicly accessible website, in whole or in part.
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478 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

73. (a) Domain f = [4, ), Domain 7t = [0, ) In Exercises 75-78, use the following.
(b) Range f = [0, ®), Range /™' = [4,0) f(x) = 1x - 3and g(x) = x*
© i S (x) = 8(x + 3)and g7'(x) = Yx
12 I
s 75. (o Y1) = S (W) = /() = 32
: /f/ 76. (g7 o /7)(-3) = &7(/7'(-3)) = £7(0) = 0
|72 4 6 8 0 12 7. (f-—] R f“l)(é) - f—l(f—l(é)) = (1) = §0
@ f0)=vx-4, () '
f’(x) - 1 78. (g"1 o g'l)(—-4) = g'l(g—l(—4)) = g"‘(3 ’—4) ‘
2\/x-4 =33—4‘=~~2,/Z

CE
) =4 (1)

B |

In Exercises 79-82, use the following.

f(x) = x + d4and g(x) = 2x -5
1Y (x) = 2 .

(f )(X) * [ (x)=x-4andg7'(x) = x+S

o 2
(=2
7. (g o 1)) = ()
74. (2) Domain /' = [0, «), Domain /= = (0, 4] =gl(x-4)

" (b) Range f = (0, 4], Range /™ = [0, 0) . @-4)+5

S =-2 81 (1 - g)(x) = /g())

-x = f(2x - 5)
f’l(x)=\/4x = (2x-5)+4
1Y (x) = -2 = 2x — 1

(f )’( ) x? /(4 - x).‘x So, (f o g)—l(x) _ x;- 1.
(o -3

Note: (fog)" =g o /!
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2 (g N)x) = g(/(x))
= g(x + 4)
=2x+4)-5
=2x+3
-1 x -3
So, (g« 1Y() = %2

Note: (g o f)_I =f1og?

3, Let y = f{(x) be one-to-one. Solve for x as a function
of y. Interchange x and y to get y = / ~'(x). Let the
domain of f~' be the range of f. Verify that
f(f"(x)) = xand f"’(f(x)) = X,

Example:

f@) =2y =2 5=y y=Un

£7) = Yx

84. The graphs of fand ' are mirror images with respect
to the line y = x.

85. f is not one-to-one because many different x-values yield

the same y-value,
Example: f(0) = f(7) =0

. 2n = Yn . .
Not continuous at (————E——)—, where # is an integer.

86. f is not one-to-one because different x-values yield the
same y-value.

Example: 7(3) = f] [——;1) = %

Not continuous at +2.

87. f(x) = k(2 -x- x3)is one-to-one. Because
£16) = =2,
£2) =3 = k2~ (2)- () =12k = k =

4

88. (a) Since the slope of the tangent line to fat (—l, —-;—) is

1 v ; gt (=L 1) i
2,the slope of the tanglent lineto /™~ at ( 5 l) is

(b) Since the slope of the tangent line to fat (2, 1} is 2,

the slope of the tangent lineto /™' at(l, 2) is

1
m= —
2

Section 5.3 Inverse Functions 479

89. False. Let f(x) = x%

90. T.rue; if f has a y-intercept.

91. True

92. False. Let f(x) = xor g(x) = I/x.

93. (@) f(x)=2x"+3x* - 36x

Jdoes not pass the horizontal line test.

90

‘ I4
/ \

45

6x” + 6x — 36
6(x2 +x - 6) = 6(x + 3)(x - 2)
S'(x) = 0atx = 2,-3

,\
(=3
A
%
~~
=
X
1]

]

On the interval (-2, 2), fis one-to-one, so, ¢ = 2.

94. Let fand g be one-to-one functions.
(a) Let
(feg)x)= (/- g)x)
J (g (-xi ) = f (8(;"‘2))
g (xl =& ()52)
X = X (Because g is one-to-one.)

(Because / is one-to-one.)

So, f o g isone-to-one.

(b) Let (f o g)(x) = y thenx = (f o g)”' (). Also:

(fog)x) =y
fletx) = »
g(x) = 77(y)
x =g ()
x=(g"e 7))
So, (f > g)—](y) = (g"l ° f'])(y) and
(fog) =g s

95, If fhas an inverse, then fand /' are both one-to-one,
Let (f _')_1(3‘) = ythen x = f/(y)and f(x) = y.So,
-1
() =
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