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ax + b
cx+d

03. f (x) =

(8) Assume bc — ad # Oand f(x) = f(x,). Then

ax; + b _ @+ b

cxy +d  oxy+d

acxx, + adx, + bex, + bd
(ad - be)x,

x (because ad ~ be # 0)

acxix, + bex, + adxy + bd
(ad - be)x,

X

It

So, f'is one-to-one.
Now assume f'is one-to-one. Suppose, on the contrary, that ad = be.If d = 0, then either b = Oor ¢ = 0, In both cases,
JSis not one-to-one. Similarly, if b = 0,then @ = Qor d = Oand [ is not one-to-one. So consider ‘
F() = SErb _adivbd b _bex+bd b '

ex+d bex+bd d bex+bd d

which is not one-to-one.

b
d’

Alternate Solution:

b ) d — b
1) =222 s () - vy

Jis monotonic (and therefore one-to-one) if and only if ad - be = 0.

ax + b

b =
®) 7 ex +d
ox+dy =ax+b
(v-a)x=b-ay
x=b_dy
oy -a
b—dx

f'l(x)=y= , be-ad # 0
x—a

X —
ax+b b-—dx

ex+d eox-a

©
acx? + bex - a*x — ab = bex — cdx® + bd — d%x
(ac + cd)x® + (d2 - az)x ~bd —ab =0
c(a + d)x* + (d - a)(d +.a)x - bla+d)=0 ‘ .
So, f = flifa = ~d,orifc = b= 0and a = d.
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et =g o e =12
x =4 x =112 ~ 2485
2. e"* = 24 4. 505 = 36
3x =24 &5 = %
x = 36
x = 1n(?) ~ 1.974
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482 Chapter 5 Logarithmic, Exponential,.and Other Transcendental Functions

5. 9-25=7
20" =2
X

e =1
x=0

6. 8 -12 =7
-8 =19
.

8. 100e™> = 35

2 _ 35 _ 1
€7 =0 < 20

2% = ln(l)

800

100 — e72
800
50
84 = o?

Ing84 = —
x =284 ~ 8.862

10, %00 _
1+ e¥

5000 _

T2

2499 = %

In 2499 = 2x

1+ ¥

X = %ln 2499 ~ 3912

1L Inx = 2
et ~ 7.389

®
]

bt
| d
=2
=
¥
il

10

X2 = o0

te’ ~ +148.413

"
li

13. In(x - 3) = 2
x-3=¢?
x =3+ e ~ 10.389
14. ndx =1
4x = ¢ = ¢
x =2~ 0.680
4
I5. n~x+ 2 =1
Nx+2=e =¢
x+2=¢
x=e* -2~ 5389
16. In(x - 2)’ = 12
(x——2)2=e12
x—-2=eb
x =2+ ¢&® ~ 405429
17 y =™
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Section 5.4  Exponential Functions: Differentiation and Integration 483

20. y = & 4@ 0
: ; /..-—~——
3t
: %
24 -8 e 10
n g -2
nEnEil BN IS ~ \
2l : : Horizontal asymptotes: y = Oand y = 8
N (b) 10
Uy = — S
Symmetric with respect to the y-axis - 1
-2

Horizontal asymptote: y = 0
: Horizontal asymptote; y = 4

25. y = Ce™

Horizontal asymptote: y = 0

/ \ Matches (c)
i X

26. y= Ce™

Horizontal asymptote: y = 0

Reflection in the y-axis
Matches {d)

4 27. y e C(l g'a“)

Vertical shift C units
Reflection in both the x- and y-axes
Matches (a)

X . C
By

e ' lim—C — = ¢
x0] 4 m

Jim —%— = 0

5 ] : 7 r0] 4 g™
] » Horizontal asymptotes: y = Cand y = 0
Horizontal shift 2 units to the right Matches (b)
(b) - 3

/ 29. f(x) = &
-2 '5:: g 4 g(x) = ln\/; = %h‘x x

() 7
\ n

Za =] 3]

-1

- Vertical shift 3 units upward and a reflection in the
y-axis
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484 < Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

30. f(x) = e”

33.

34.

35,

36.

37.

38.
39.
40.
41.
42.
43.
44,
45.
46.
1) = &
1) = 2¢
47.
= e—8x
yl = _89~8x
y = eV
& _ 48,
d  2[x
y = 2%
yf - _6x2e~2x3 4
y = ex—d
y' = ex—4

52x2+5

y = 5e‘2“5(2x) = 10xe" *5

y=¢e"lnx
Y= ex(-l) +eflnx = e’[l +In x)
x x
= xe'
¥ = 4xe®™ + e = ¥ (4x + 1)
= yle*

g) = "
g() = e—s/’z.(&—a) - 13;//2
y = ln(l + ez")
Q _ 2e2x '
dx 1+ e
y =18~ i+ ) - (1 - )
Q__»e" . e 2
d l+e 1-e& 1-¢*
) _
y= P = 2(eJr + e“) :
LR VR Gt
ol 2(e + e ) (e”—e" = (ex+e"“')
_ eF — e ¥
Yy “‘ >
& _A ef +e¥
& 2
e+l
r = ef —1
o (e" - I)e" - (e" + l)e" L 2eF

<
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Section 5.4 Exponential Functions: Differentiation and Integration 485

y == 9. f(x) = e*lnx (1,0)
) e 41 » 1 1
o (ez:: + 1)2e2" _ 2:(2221) 22 f'(x) = e~x(;) —e*lnx = e-X(; -~ In x]
r = o )2 T (2x . ) M) = -
(e +1) (e* +1) S)=e
. 1 . - = -1 -
Ly = eXsin x4 cos2) Tangent line: y — 0 = ¢7'(x ~ 1)
I
% = e*(cos x — sin x) + (sin x + cos x)(e*) YT
= €"(2cos x) = 2e* cos x e +e*
60. y=In , {0,0)
y = e¥tan 2x
y = o — g%
y = eZ‘[Z sec? 2x] + 2¢** tan 2x [(e" + e“‘) 2][ ]
= 2:32"[&3(:2 2x + tan 2x} y(@©0) =0

e Tangent line: y = 0
. F(x) = f: cos e dt
. : 61.  y = x%e" - 2xe* + 2¢5, (l€)

F(x) = cos(e'“) L o) : P g2 ‘ - -
x x VY = x%* + 2xe® — 2xe* - 2¢* + 2¢° = x%*

y(1)

Tangentline: y — ¢ = e(x - 1)

. F(x) = (e + 1) et )

F'(x) = ln(ez" + 1)292" = 2¢%* ln(ezx + l) y = ex
. f(x) =¥, (0,1) 62. y=uxe"-¢€, {1,0)
S(x) = 3%, F(0)=3 - ¥y = xe* + e — e = xe*
Tangent line: y - 1 = 3(x - 0) y() =e
' y=3x+1 Tangent line: y — 0 = e(x - 1)
y=ex—e
. f (x) = e, (0, 1)
f(x) = =2¢7%, f1(0) = -2 63. xe¥ = 10x +3y =0
. ' dy Yy _ .
Tangent line: y - 1 = -2(x - 0) xeyz;ﬂ-ey —10+3Zx- =0

= =2x + 1
%(xe’ + 3) =10 - ¢’
57. f(x) = el"",A (l, l) ‘ ﬂ _10-¢”
fi(x) = =, /(1) = -1 dx  xe’ +3
Tangent line: y -1 = -1(x - 1) 64. e? +xt -y =10
y=-x+2 .
(xix—y+y)e"’ + 2x—2y%= 0

58,y =2, (2,1)

L4 W - 2y) = —ye¥ - 2x
yl = (2x _ 2)2-2x+x2’ yr(z) =2 dx(xe y) a4

Xy
Tangent line: y -1 = 2(x — 2) % = "yew - ;x
: xe” =2y

y=2x-3
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65. xe? + yet =1, (0, 1) . 71 f(x) _ e + e
xe’y + e + ye* + ye* =0 N 2 »
AL, 1 e+ 1+ 3y =0 fx) =% '2e = 0 when x = 0.
y' = —g -1 f"(x) B ef 4+ e 5 0
Tangentline: y — 1 = (~e - I)(x - 0) : 2
y=(-e-Dx+1 Relative minimum: (0, 1)
.
66. 1+ In(m) = &>, (11) /
1
~|%' +y] = -y J/
S ==y ) |
ALY +1]=1-y . 0
y’ = 0 . X -X
e —e
Tangentline: y ~ 1 = 0(x ~ 1) 2. f(x) = 5
=1 X -X
y f,(x)=e.-;e 50
67. fx = (3 + 2x)e™* . XN
(@) = ) (%) = =2 = O whenx = 0.
S(x) =03+ 2x)(~3e‘3") + 2 = (=7 - 6x)e™™ 2
7G) = (=7 - 6x)(—3e“3") - 66 = 3(6x + S)e Point of inflection: (0, 0)
2
68. g(x)=+/x+elnx 0 |
1 e ) ?
(%) = —= + & 4 e¥1
g'(x) VPRI
-2
" 1 xe*t - e* ef .
g(x)=—m+——.—xz—+;+elnx
1 r-2)2
1 e(2x-1) 73. g(x) = -2t
= - + +e Inx 2r
4x/x x? -1 Y
gx) = —=(x - 277
69. y= 4e=* 2w A
) = -t #e) = el - ) - 3
: V4
y' = 4e7* |
Y- y=deF —deF = Relative maximum: 2,'—ﬁ = (2,0.399)
0. = ¥ 4 g Points of inflection:
- » 1 1 A
¥V = 3e¥ - 37 1, e , eV | » (1,0.242), (3, 0.242)
= 96 4 9¢ & 2 o
(9e3‘ + 9e'3") - 9(83‘ + e"”) =0 08
. (1 s
'Vin
00 4
d, copied-or-duplicated, or posted to a publicly ible website, in whole or in part.




4. g(x) = \/Le'(’"3)2/2

2z

g'(x) = \/_217 (x = 3)e -1

g'(x) = \/]2—7[

R
" Relative maximum: (3, | ~ (3, 0.399)
575 = (5.03%9)

(x =~ 2)(x - 4)8"(“"3)2/2

_ Points of inflection:

/4
w o]
g f) [ )
PAS

7. f(x) = x%*
‘ f(x) = —x%e™ + 2xe~*
=x*2-x)=0 wﬁen x=0,2.
1) = —‘e“"(Zx - xz) +e*(2 - 2x)
e"’(x2 - dx + 2) = Owhenx = 2 + /2.

Relative minimum: (0,0

Relative maximum; (2, 42‘2)

x=2 \/5 ‘

y = (2 V2) e = (6 £ a2)e
Points of inflection:

(2 £2,(6 ¢ 4\/5)9{“‘5))

~ (3.414,0.384), (0.586, 0.191)

3

2. 4e"2
o,y 347

< 5

® (22v3, (6 2 4 VB VDY)

-1

(2, le_e-'/z), (4, \/%_e-'/z) ~ (2,0.242), (4, 0.242)
T
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76, f(x) = xe™*

S(%) = —xe™* + &
e*(1-x) = Owhenx = 1.
—e ™ + (»e"")(l - x)

e (3~ 2) = Owhenx = 2.

J"(x)

i

]

Relative maximum: (I, e"")

Point of inflection: (2, 2e'2)

2

/

-2

(n.\v') 2 202
*—-w('-hf_)

7. g(t) =1+ (2 + )
g'(1) =-(1+t)e”
g"(t) = g™
Relative maximum: (-1,1 + ¢) ~ (~1,3.718)

Point of inflection: (0, 3)

5

=L 1+e)

[
L

78. f(x) = -2+ &¥(4 - 2x)
S(x) = &%(=2) + 3¢*(4 - 2x)
= ¢*(10 - 6x) = Owhen x = %
(%) = €¥(=6) + 3¢**(10 - 6x)
= 33"(24; 18x) = Owhen x = 4.

-3

Relative maximum: (%, 96.942)
Point of inflection: (-g-, 70.798)

100 (% 96.942)

487
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79.

4
a
dx

BN
|

80. (&)  f(c)
10ce™¢

c

eC

N
= —4x‘e™ + 2e77

2" (1 - 2x2) = O when x =

= 2e

(base)(height) = 2xe -

2

>

= flc+ x)
= 10(c + x)e’(c”)

cC+ X

T eex
e

ce™ = (c + x)e

ce* =c+ x

X

ce” ~¢c =X

® A(x) = xf| (c)

{]
x
~=
«Q
)
] '“
—
N
©
puiy
&
=X
IX

0

The maximum aréa is 4.591 for x = 2.118and
f(x) = 2.547.

x
ef -1
lime=1
x-0%

lime=20 o 4
X—=>w 0

Answers will vary, Sample answer:

As x approaches 0 from the right, the height of the
rectangle approaches 1. '

As x approaches «, the height of the rectangle
approaches 0.
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81 [f(x) =
fr ( X) 2 e2x
Let (x, y) = (x, ez‘) be the point on the graph Whefe

it
[\

tangent line passes through the origin. Equating slopg

2e2"=—————-ezx-0
x=-0
2-1
X
1 ,
¥Eo, y=e yo=2e

Point: (—1—, e)
2

Tangent line: y — e

n
)
«Q
*
I
r |
N—

n
N4
&

y

(—oq, o).

(b) f and g are both concave upward on (—co, co).

83, V = 15,000e7%5%% 0 <t <10

(a 20,000

«

o \‘h‘:n— 10

0

(b L < _gazgeoems
dt

When ¢ = 1, %% ~ 502884,
dt :
When ¢ = 5, -‘-1-1{- ~ —406.89.
dt
(¢} =000
] 10
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84. 1.56e7°% cos 4.9t < 0.25 (3 inches equals one-fourth '86. (a) Linear model: ' = ~1686.8¢ + 32,561

foot.) Using a graphing utility or Newton’ Method, you Quadratic model: ¥ = 109.52£* ~ 3658.2¢ + 40,995
have ¢ 2 7.79 seconds.

. 25,000
2 K
o Quadrafic
5 ﬂUﬂ”\? KVX‘IUAVAVA 10 3 . .\\
V : sk . .. l'fm”.m'ﬁ"\”. 13
10,000
-2
(b) The slope represents the average loss in valug per year.
(c) Exponential model: :
h 0 5 10 15 20
= 40,955.46(0.90724)' = 40,955.46 ¢~07
P 10,332 | 5583 | 2376 | 1240 | 517

(d) As t = o,V - 0Oforthe exponential model The
value of the car tends to zero.

.lnP 9.243 | 8.627 | 7.773 \7.123 6.248

(a) 12 (&) V' = (40,955.46)(—0.09735)e"°'°9735’
' = —~3987.01¢70%5
—q"“\-..._‘_‘_h..‘
e When ¢ = 7,V » ~2017 dollars/year.
2 b 22 ' When ¢ = 11, V' ~ -1366 dollars/year.
o]
y = —0.1499% + 9.3018 is the regression line for 87. f(x) = & 7(0) =

data (h,In P).

fH=e  rO=1

®) WP =ah+b £y = ¢ F10) =1

ah+b a
P h b ah

=¢ = g’¢
P=Ce™ C = P,(x)=1+l(x—0)=l+x 2
X
a=-0.149and C = &*8 = 10,957.7. Bx) =1+1(x-0) = > 1)(x -0) = sy
So, P = 10,957.7¢ 0149 8
1 ip
(c) 12000 \ / /’f
b . \ : L)
-6 \j,"'" 4
-1
DOM 2 The values of f; B, and P, and their first derivatives
agreeat x = (.
@ Z—: = (10,957.71)(—0.1499)e 0149
= —1642.56¢ %14
dP

For h = 5,— = -776.3.
dh

For h = 18,—‘?—i ~ —110.6.
dh
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88. 1 (x) = e, 7(0) =
r(x) = %e"/z, 7{0) =
1) = e ) -
R(x) =1+ %(x -0 =2+1  B(0)=
B() =3, | B(0) =

1

—

B(x) =1+ -;—(x -0)+ .:;(x A0

]
L[]

B'(x) ; ()

B (x)

i

i Sl e

) ) . B"(0)

P agreeat x = (.

P Py
. y 6

8. n=12
120=12-11-10--3 - 2.- 1 = 479,001,600

Stirlings Formula:
12
12 o (1_2) J27(12) =~ 475,687,487
e .

90. n=15
158=15-14...3. 2.1 = 1,307,674,368,000

Stirlings Formula:

15
15
15! — 27(15 1,300,430,722,200
.
~ 1.3004 x 10"

91. Let u = 5x,du = 5dx.

[ =1 C

92. Let u = —x*, du = —4x°dx.

je"‘4 (—4x3) dx = e""4 +C

490 Chapter 5 Logarithmic, Exponential, and Other Transcendental Functions

N —

The values of £, B, P, and their first derivatives agree
atx = 0.The values of the second derivatives of f'and

103. Let u = ¥ — e, du = (e" + e”") dx.

93. Let u = 2x — I, du = 2dx.
IEZ;-x dx = —%jez*"'(Q)dx = %_22,\'—1 +C

94, Let u = 1 — 3x,du = ~3dx.
Jel—Jx dx = __;_jel—SA'(_B)dx = h_JLel—Sx +C

95. Let u = x°, du = 3x* dx.

1

97. Let u = /x, du = dx.
* 2/x
e NellR N
dx =2 dx = 2e¥F + C
7 Je L2\/§J
98. Letu = -—];,du = :g-dx.
x x
1/:2 _ ’
Je = —lj.e’/"z -z)dx =l e
x 2 x 2

99. Let u.= 1+ e* du = - dx,
j-l—g:dx -—.(-I—::—;i-;dx = -In(l + ™)+ C

ex

e’ +1

x-ln(e‘+l)+C

1]

+ C

i

In

i

100. Let u = 1 + &%, du = 2e* dx.
e¥ lp 22 7 1.

——dx = ~ | ——dx = —In(1 + &¥) +

J.1-t~e2” 2'(1+e2" 2 ( )

101 Let u = 1— &%, du = " dv. .

102. Let u = ¢* + ™", du = (e" - e“*') dx.

J-E:——;—-%:—;—dx = ln(e” + e"") + C
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2e" - 2e™"

i

0, Lie““ dx = —

110. jfesx-f’ dx =

111. J: xe""z dx

=
——
m.
;{
8
/E\
B
!
—
M
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Letu = e" + e, duy = (e"' - e"") dx.

= jSe‘z" dx - J‘e“" dx

-ie’z’( +e*+C
2 .

L = [+ 2+ )
et 4 2% - 2 4
- f I:tan(e"“’)l(_eq) &

= lnlcos(e"‘) + C

J e csc(ez") dx = % j csc(e")(Zez") d

dx = 2](6” + e"“')n(e"' c"')cb.
-2 _.c
e* +e*

= -%lnlcsc(ez") + cot(ez"')|+ C

e = o]

= %(1 - e'z) =

0

i
| o
—
1
L)
IS
| I—

L 1.2 -)
4] 20

e’ -1
2e?

113. Let u = z,du = —-izdx. :
X x
3e3/x 13 5 3
—_— A /x ——— Y
15?2 @ 3 le ( xz)d‘
1 } e
= | 23/~ _ &1
[ 3e 1 = (e 1)
, _y2
114. Let u = —2~,du = ~xdx
V2 -2 NI
jo xe ¥ gy = ~ . e "/2(—x)aix
2 -
[_e_\z/z] PR 1
o e

115, Let w = | + 2™ du = 2% dx.

I:l%;;dx = l:ln(l + e“):';

- 6\ _ _ 1+e6.
ln(l+e) In2 ln( ) ]

116. Let u = 5 — e*, du = —e* dx.

1 x 11
I“Sie’dx Ths g
[—-lnlS - e l]:)

~In(5 - ) + In 4

(5]

117. Let u = sin 7x, du = 7 cos zx dx.

I " g cos x de = - j "
0 70
1 in 77X /2
= ;[eﬂ : ]o
- ll:esin(nz/z) _ l]

/2

(—eJr ) dx

[

1]

"™ (r cos x) dx

118. Let 1 = sec 2x, du = 2 sec 2x tan 2x dx.

.""//:esech sec2xtan2xdx = % ”//32 5“2"'(2 sec2xtan 2x)dx

- _;_[esec ZA:IZZ
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Jie - e

(e = 2 + e*)ax

119. (a)

dy -2
by = = 2¢, (0,1
® L =2, (o)
1
= (2 dx = 4 -’/2(—— d.x)
y=] Je =
= -4 4+ C
01):1=-4+C=-4+C=C=5
y=—4e? 4 5
&
T
-4 A '
i
-2
120. (2)
@ -02:2 3)
b) 2 = 5027 [o 2
(b) o xe 5
y _"Jre’“’r2 dx = -—%—Z f e 02’ (~0.4x) dx
= —6-1-23'0'2‘2 +C = -2.5¢02 4 C
3) 3 0
,—§.~E=—2.Se +C=-25+C=C=1
y = -2.5¢7027 4
4
N — o
6 7 6
)
121. Let w = ax?, du = 2ax 4. (Assume a = 0)
y = %™ dy
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2

zi‘;je“x2(2ax)dx = zle"Jr +C
a

122. y =

123. ['(x)
1)
1x)
7(0)
f(x)

124, f'(x)
J'0)
I

1)

125.

126.

L
7€

]

1l

]

il

]

2"~2x—-;-e‘2"+C |
T |
Cl = 0
e - s )0

1+4C =126 =0

o+ o)

f(sinx + ez")dx = —cos x + Le¥ 4
REEERCER ENOS!
—COS X + -;-ez" +1

I(—cosx + 4™ + I)dx
—sinx + 1e¥ + x + C,
Lig =
4 2

:l{=>C2=0
+

X — sin x

[

1,2x
48

=¢e° —1»~ 147413

-4

= [—-Ze“"2 / 4:|J€

0
—2¢ 4 2~ 1.554

3 ’

5

4.5

, in whole or in part.




