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If we put n : L/x in Formula 8, then n ---> @ as r --> 0+ and so an alternative expres-
sion for e is

ffi , :  I i3( ,  . ; ) '

Exercises

in why the natural logarithmic function y : ln x is used
more frequently in calculus than the other logarithmic

y : Iogox.

Differentiate the function.

: ln(.r2 + 10)

= ln(cos 0)

= logz(1 - 3x)

29-32 tttt Differentiate f and find the domain of /.

Ie,r fQ): T# t) 30. /("r): , ir"

25-28 tttt Find y' and y"

2 5 .  y :  x l n x

27. y : logrox

1 -  -

26.  y:  +x-

28. y: ln(sec x * tanx)

tlffi

= J i t n x

, (2t + t)3
lll------.--:=

(3r - 1).

h(x+ @-)

r  a - X

,,::

I + l"A")

f - 3 '

.  l 3 u + 2
l l l r  l -

a. f Q): cos(ln x)

6. f(x): ,or,r(-j , )" - - \ x  -  |  /

8. f (x) : rn |li

l o .  f G ) :  
l * l n /
I  -  l n r

f 4. F(y) : y ln(1 * er)

[6.,  y: ln(.rasin2x)

1 8 .  y :  1 0 * a

22.  y :  [ ln ( l  +  e ' ) ]2

24. Y : 2z'2

3 u - 2

31. f(x): x2ln(I - x2) 32. f (x\: ln ln ln x

33. If f(x) : t{-, nna f'k).ln -lr

34.  I f  f (x ) :  x ' lnx , f ind/ ' (1) .

35-36 tttt Find an equation of the tangent line to the curve at the
given point.

,0$ y : ln ln x, (r, 0)

3 6 . y : I n ( x 3 - 7 ) ,  ( 2 , 0 )

EE gZ-gg tttt Find f 
'(x). Check that your answer is reasonable by com-

paring the graphs of f and f 
'.

3 7 .  f ( x ) : s i n x i - l n x

38. /(x) : rcos.t

39-50 tttt Use logarithmic differentiation to find the derivative of
the function.

39 .  y :  ( 2x+  l ) t ( r o -  3 )u  40 .  y :  r f r e "1yz  +  l ) t o
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sin2x tanax
41.  y :  

G .T
4 3 .  y :  * '

45. y : rsrnr

4 l . y : ( l n x ) '

49. y : *"'

rc. !9t-a.

,s. frudt

77. Show that J cot x dx: ln I sin x | + C by (a) differentla[

therightsi"deoftheequationand(b)usingthemethodof

7n'[;ft*
,6. I x2*'dx

Example 11.

volume is OOO cm3 and the initial pressure is 150 kPa'

work done by the gas when it expands at constant

to 1000 cm3.

Find / it f 
'(x) : 1-2, x ) 0,,f(1) : 0, and f(2) :0'

If g is the inverse function of /('r) : 2x * ln 'r' find

If /(x) : e* I ln x and h(x) : f 
-t(*), 

find h'(e)'

For what values of m do the line y : mx and the curve

y : xl(xz * 1) enclose a region? Find the area of the

(a) Find the linear approximation to /(x) : ln 'x nearl'

ibi Illustrate part (a) by graphin g f and its linearization'

(c) For what values of x is the linear approximation

within 0.1?

87. Use the definition of derivative to prove that

ln(l + x)
1 i m Y : 1
x + 0  X

/  \ .
88' Show that lim ( t * ll" : '- for any x ) 0'

, . . * \  n /

42. 4
) : 1

44. Y : x'/"

46. y: (sin x)'

48. Y 
: *rnx

50.  y:  ( lnx)"o"

x 2 + r
x r - I

51. Find Y' if Y : ln(xz + Y")'

52. Find !' if xt : ,*.

53. Find a formula for /(')(x) it f (x): ln(x - 1)'

6e
54. Find 

ft;(xr 
tn x).

ffi ss-st lilt use a graph to estimate the roots of the equation. Then

usetheseestimatesaStheinitialapproximationsinNewton's
methodtofindtherootscorrecttosixdecimalplaces.

55. (x - 4) '  :  lnx 56. ln(4 - x'\ : x

57. Find the intervals of concavity and the inflection points of the

function f (x) : (ln x)lJ x.

58. Find the absolute minimum value of the function "f(x) 
: xtn x'

Discuss the curve under the guidelines of Section 4'5'

between the lines x : -4and x - -1'

Find the volume of the solid obtained by rotating the

under the curve

1
y -  jE+ r

from 0 to 1 about the -r-axis.

Find the volume of the solid obtained by rotating the

under the curve

1
y : ; \  

|

from 0 to 3 about the Y-axis.

8 1 .The work done by a gas when it expands from volume Vr

Find, correct to three decimal places, the area of the regiu

above the hyperbola y : 216 - 2)' below the x-axis' and

volume Vz rs W : I{;,' P dV, whete P : P(V) is the pret

afunctionofthenotu*"V.(SeeExercise2TinSection
Boyle's Law states that when a quantity of gas expands d

stant temperature, PV : C, where C is a constant' If thei

78.

79.

80.

59-62 tttt

5 9 .  v :

6 1 .  v :

ln(sin x)

1n(1 + "{2)

60. Y : ln(tan2x)

62,  Y: In(xz 
-  3x  + 2)

@Of .  f f  f ( x ) : ! n (2x  *  xs i nx ) , use theg raphs  o f  f  ' f " and f "  t o

estimate the intervals of increase and the inflection points of /

on the interval (0, 15].

ffi O+.Investigate the family of curves f (x) :1n(x2 + c)' What

happens to the inflection points and asymptotes as c changes?

Graphseveralmembersofthefamilytoillustratewhatyou
discover.

65-76 llll Evaluate the integral.

r z 4 l u 2
66. J, 

--; au

/ \
, o /  I  \ 2' "  j ;(r.6) *
16 dx

70' J" -t",

I COS -r
t z .  J ;  r rn rax

82.

83.

84.

85.

ffigo.

r ^  1

65. l- : a*
J 2 x

12 dt
6 7 ' J ,  B - 3 t

r "  x2 I  x  *  1
69. J, 

::------:- dx

n  ) - r 2

7 r .  l ?dx
J  o x - x -


