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b. At the beginning of June, the population of aphids is changing at the rate of F” (1) ~ 226.02; that is, it is
increasing at the rate of 226 aphids on a typical bean stem per month. At the beginning of July, the population is
changing at the rate of F' (2) &~ —238.3; that is, it is decreasing at the rate of 238 aphids per month.

Differentiation of Logarithmic Functions

l Concept Questions l page 386

S
fe)

1
1. a, f’(x):;. b. g x)=
2. See the procedure given on page 385 of the text.

( Exercises J page 387
5

1. f(x):Slnx,sof’(x):S(—l—) = 2. f(x)=InS5x,s0 f' (x) = S =l.
x x 5x x

3. fx)=In(x+ 1,50 f'(x)= 4, g(x):ln(2x+1),sog'(x):——2—-—.

x+ 1 2x + 1
8x7 8 2 10
5. £ () =Inxd, 50 /' (x) = — = - 6. h())=2Ins% 5o ' (1) = = - 514 = —.
X X t t
Cl.=12 1
_ 172 _3x _
7.f(x)——-lnx/,30f/(x)—-—.;r/2——'—2‘;.
Ly—172 1

8. /@) =In(2+1),50 f'6) = T NN

273 2

L e e
X

2 x

1 3 5 3x2 3
10. fX)=ln=—==In1-In(2x*) =-In2—Inx’,s0 /' (x) = —— = —=.
2x3 x3 x

8x —35 _ 8x —35
x2—5x+3 4x2—-5x+3

1. f(x)=In(4x? — 5x 4+ 3),50 /' (x) = I

6x —2 2(3x—1
12. f(x):ln(3x2—2x+1)’sof’(x):3x2—2x+1 :3x2—2x+)1'

2
13. f(x) = ln( i ) = In2x —In{x+1), so
x+

1
7 ~2 11 1 x4 -x x4 l-x 1
x)_Zx x+1 x x+1  x@&+D) x4+ x@+D
1 1 -1 - 1 2
14.f(x):ln(x+1)—ln(x—1),sof’(x)=x+1—x_lz(x x)z_(;““ )=_x2_1,

15. f (x) = x%Inx, so f' (x) = x? (}c) +(Inx)@2x)=x+2xInx =x (1 +2Inx).
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2
16. 7 (x) = 3x2In2x, s0 /' (x) = 6x In2x + 3x? - 7= 6x In2x + 3x = 3x 2In2x + 1).

2
2Inx * (?) =2nx ~ 2(1=Inx)

17. f(x) = ,80 f1(x) =

x x?2 x2
3
x? (3;) —@lnx)2x)  35(1-2Inx) 3(1-2Inx)
x4 - x4 - x3 )

18. f(x) = 3_;1’50 ) =

3w-272 3
@-2° u-2

19. f(w)=1In(u—2)3,s0 f' (u) =

4(x3 =37 (3x%) 403 1202

20, f(x)=In(x* - 3)4, so f (x) =

-3 P33
21. £ () = (Inx)"/%, 50 f' (x) = 3 (Inx)~"/? (1) -
’ ? * 2x+/Inx
= 12,50 f'(x) = 3 S (1) 2L
22, f(x) = (Inx +x)2,s0 £/ (x) = 5 (Inx +x) (x+1) e
23. £ (x) = (Inx), s0 f (x) = 2 (Inx) (%) - 21;”{
1/2
24, £ (x)=2(nx)*2, 50 f' (x) =2 (%) (Inx)!/? (315) =2 (ln;')-—.
25 f(x)——ln(x3—|—1) so f (x) = _ﬁ_
' - ’ PEE

2-49""e)  x

1
26. £ (x)=In(x2 —4)", 50 f/ (x) = 2 RV

e lxnx+1)

27 f(x)=¢e"Inx,s0 /' (x) =e*Inx 4 ¢&* (%) p

28 f(x)=¢In ’x+3=%e"ln(x+3),sof’(x)=%[exln(x+3)+ex. 1 iluex[(x+3)ln(X+3)+l]

x+3] 2(x+3)

¢+ DIn@+1)+1]e¥
r+1 )

29, £ (1) =¥ In(t + 1), 50 f (1) = ¥ (%—f) +In@+1)-(2e¥) =

202 ) o [(ez’ +1)In(e +1) + re?]

— 42 2 — 2 2
30. g(t) = 2In(e¥ +1),s0g (1) =2t In (e* + 1) +7 <e2’+1 T

31, f (%) l_n_{’ so f'(x) =

2 (1) -hx@) 1o
x2 - )

3

x4 x

ey -7 (}) i1
(In1)? T (nn)?’

32. g(t):&,sog’(t):
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34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
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d 4 (Inx) 1 1
7 _ — dx L= = =
I = dx [in (in)] Inx In xInx
d (ef +Inx) e 41 xe* +1
/ 1 1 dx X .
g ()= dx [n(e + nx)] e*+Inx e +Inx x(ef+Inx)

fx)=I2+nx,s0 f (x) = % and f" (x) = —%.

1
o +5)%

f(x):ln(x+5),sof’(x)=x ! 5andf”(x):%(x+5)*1:—-(x+5)‘2=—

_ B D@ =200 202
fx)= ln(x +2) sof(x) ( s )andf x) = (x2+2)2 - (x2+2)2.
2) -2In _
f(x) . (1nx)2 so f/ (X) =2(Inx ) ( ) 2lnx f// (x) _ X (v\')xz x _ 2(1 x2lnx).
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1
fl(x)= dﬁ)’c— (x?Inx) = % (x?) Inx —I—?“-,c—l-;-c-(lnx)x2 =2xInx + < x2=2xInx +x =x(2Inx + 1) and

d d d 2
" — — — = - = .
f (x)—dx [x QInx + 1] o (x)(21nx+1)+dx QClnx+1)x 21nx+l+x x=2lnx+3

e2x

gx) = eXinx, so g (x) = ezx%lnx + (Inx) a%eZY — +2¢* Inx and

2xe® — ¥ 22X Ixe¥ — ¢ 4 2xe> +4x%e Inx  (4x — 1+ 4x? Inx) o2

_ 2x _ —_
g = e = 2 = <
y=(+1)%x+2), 50
Iny =hn@E+172E+2° =hE+D?+hE+2)° =2nEx+1) +3nx+2).
¥ 2 3 260 +2)+3(x+1) 5x 47
Thus, — = = and
s T ity 2 T T GaDG+Y) | GHDG+2)
L Gx D+ D (x+2)°
- x+DE+2)

=G6x+TE+1)E+2)>2

y = Bx+2*Gx—1)% solny = 4In(3x +2) + 2In(5x —1). Thus,
dy 1 _ 43 | 205 __12(5x—-1)+10(3x+2)_60x—12+30x+20m 2 (45x 4 4)

dx y 3x+4+2 Sx—1 (3x+2)(5x—-1) TG+ DGx—-1D T Bx+2Gx-1)

dy _2Gx+ Gx =DM 44 ) 010 (s - 1) 45k 4 4).

dx Gx+2)(5x — 1)
y=—-12E+1P x+3)"solny=2Inx—1)+3In( +1)+4In(x + 3). Thus,
y_ 2 .3 4 _26+DE+NHIE-DE+DHAE-DE+D
y x—1 x+1 x-+3 x-DE+DE+3)

2% + 8x +6 +3x2 4+ 6x — 9+ 4x% — 4 9x2 4 14x — 7

= G-DeT DG BT DT DR
, P4 lax =7 O =TG- D+ D) +3)!
YEEDerDG+y 0 G-DG+D&+3)

= (92 + 14x = 7) (x = ) (x + D? (x +3)°.

and so
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44, y = (3x + 52 2x —=3)* solny = $In(3x 4 5) + 41n (2x — 3). Thus,

y 110 2 3 8  3(2x—=3)+16(Gx+5)
y 2 3x+5 2% —3 203x+5  2x—3 23x+5@x-3)
54x + 71
and so

T 26x+5@x—-3)

y = (534"—;-7—1) Gr+5) @x -3y = (ﬁ’fzﬁ—l—) Gr+ 5 2x —3)7 Gr + 512 2x -

=1@x =3 Gax+71)(Bx + 57172,

5
(x2—1)° (2x2 = 1) |

45, y = 7—;+__T, S0 lny = lnm‘ = 51n(2x2—1) - —z-ln(x—}—l) Thus,

yo_ 2x 1 408+ D) — (22 —1) 38 HAx 1

y T mI—1 2@+ 2@2-1)G+D 222 -1 &+1)

ose4dor 41 (7 —1)° (3857 +40x+1) (2x2 = 1)*

T2 -1+ Sl 2(x + 12 '
/ 2
46.y = —3—4—;—%, solny = %ln (4—|—3x2) - %ln (x2+ 1). ‘Thus,
X

Y 6x 2x 9x (x2 4+ 1) — 2x (4 + 3x%)

CANN — = , and so

y  2(4+3x%)  3(x2+1) 3(4+43x2) (x2+1)

L 3% +x Va+3x2 x(3x2+1)

Y73 (4+3x2) (2 +1) (k24 )" B 3(4+3x2)1/2 (x2+ 1)4/3'
47. y=3%solny =xIn3, l . EX =In3, and d_y =yn3=3"In3.

y dx dx
/
48. y = x**2, s0lny = Inx*? = (x +2)Inx, So % =Inx+ x+2) (i—) = M, and
X

/

_ (xlnx +x +2) x* 12

X
9.y = (2+1) solny = nE>+1)" = xIn(x>+1),
2 e () - L
241 (xz; 2?23‘2] CH) ey 7 (2 4 1) In (2 + 1) +242].

; d 1 21
50. y = x"*,so0lny = In (x‘“x) = (Inx)?. Thus, y_; = 2(Inx) (;) = 2% and so
x

y/ — 2Inx L xlnx — 2(lnx)xlnx—1'
X

~

d d d d ¥ 1
51, — (Iny —x1 = —(~1),50 —Iny — — (x1 =0,— =11 -1l = ,
dx(ny xInx) dx( ), so T ny I (xInx) =0 5 [nx—l—x(x)] Inx + 1, and

Yy =(nx+1Dy.
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/

1
(nx+iny =)%) = 0, - 42 =2/ = 0,y 47/ =202y = 0,

_r
x (22 =1)

d d
—12) = = -
(Inxy —y?) (5), 50—

x(1=2y%)y = —y,andsoy’ =

y = x Inx. The slope of the tangent line at any point is ' = Inx +x (%) = Inx + 1. In particular, the slope of the
tangent line at (1,0) ism = In1+ 1 = 1. Thus, an equation of the tangent lineisy —0=1(x — 1),ory =x — L.

y = Inx? = 2Inx and ' = 2/x, and this gives the slope of the tangent line at any point (x, y) on the graph
of y = Inx?. In particular, the slope of the tangent line at (2, In4) is m = % = 1. Therefore, an equation is
—Ind4=1(x—-2),ory=x+1n4-2,

f(x)=Inx?=2Inx and so f/ (x) = 2/x. Because f' (x) < 0ifx < Oand /' (x) > 0ifx > 0, we see that f is
decreasing on (—oo, 0) and increasing on (0, 0o).

x%—lnx l—ln

1
fx)= —r;—:—c,so S = . Observe that /' (x) = 0if 1 —Inx =0,0rx =e.

The sign diagram of f” on (0, co) shows that f is + 4+ 4+ 4+ 0 -~ — — signoff
+ X

x2

oy

increasing on (0, ¢) and decreasing on (e, 00).

2, 2 2 .
f®)=x>4+Inx%s0 f' (x) =2x + x_); =2x + T and f” (x) = 2 — —. To find the intervals of concavity for f,
x

2 2
we first set f” (x) = 0, giving 2 — = = 0,2 = —,2x? =2,x? = l,and so x = %1.
x x

From the sign diagram for /", we see that f is concave " not defined
upward on (—oo, —1) and (1, co) and concave downward +++ 0= = l = = 0 + + + signoff”
on (=1, 0) and (0, 1). = = = x

58.

59.

=1 0 1

1—Inx
x2

1
fx) = 1{. From Exercise 56, we have f'(x) = , and so
X

%2 (_%) — (1 —Inx) (2x) 2Inx =3)
x4 B x?

) = . Observe that ”x) = 0 implies

2Inx —3=0,Inx :%,andsox=e3/2. From the sign — — = = 0 + + + + signoff”

-~

diagram of 7", we see that the graph of f is concave ;ﬂ > X
0 e
downward on (0, ¢3/2) and concave upward on (e%/2, co).

(2+1) (@ — @) @2x) 2¢ 2-1)

f)=In@x2+1),s0 f/ (x) = and " (x) = = . Setting

) W41 1 2 +1)? (2 +1)?
S (x) = 0 gives x = %1 as candidates for inflectionpoints  — — — ¢ + + 0 + + 0 — — — signofy”
of f. From the sign diagram of f”, we see that (—1, In2) . . " > x

and (1, In2) are inflection points of £. - 0 !
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60. f (x) =x2Inx,so f' (x) = 2x Inx + x? (l) =2xInx +xand /' (x) =2Inx + 2x (%)+1=21nx+3:0

X

implies that Inx = —3, so x = e~>/2, From the sign —— — — 0+ 4+ +  signoff’

£ + x

diagram of f”, we see that (6_3/2, —%e‘3) is an inflection 0 o

point of f.

2 2 2
61. £ (x) =x>+2Inx,s0 f' (x) =2x+;andf”(x) =2— = =0implies2— — = 0,x% = l,andsox = £1. We
x x

reject the negative root because the domain of f is (0, co) . 0 44+ 4+ signoff

The sign diagram of /' shows that (1, 1) is an inflection . x

point of the graph of f. f* (1) = 4. So, an equation of the 0 1
required tangent lineisy — 1 =4 (x — 1) ory = 4x — 3.

A

. 1 1 1
62. f(x) = e lnx, so f (x) = &/? ()—C) + 12 Inx = (— +%) e*/2 and
x

1 1 1 Inx 1 1 1 1
1 e e ) X2 S Eeiadl TPE T2 Bl I B T B x/2
f(x). ( x2+2x)e +(x+ 2)e (2) ( x2+x+4lnx)e '
Thus, /" (1) = 0. The sign diagram of " shows that (1, 0)

- = = =0+ + + + signoff’
is an inflection point. £ (1) = 0 and f’ (1) = ¢!/2,s0 an ) g oty

€ : > X
equation of the required tangent lineis y — 0 = /e (x — 1) 0 1
ory = Jex — .Je.
1 x—1 R
63. f)=x—-Inx,s0ff(X)=1-—-= =0ifx=1,a
xox x % 1 3
critical point of f. From the table, we see that f has an absolute 2
. . f@&) | f+m2|1]3-m3
minimum at (1, 1) and an absolute maximum at (3,3 —In3). 2
Inx —x 1 1 -1
64. g () = ——, 50 () = 2(”) = =X~ Observe that
Inx (Inx) (Inx) X 2 e |5
g (x) = 0ifx = e, acritical point of g. From the table, we see that £ | 2.885 | e | 3.1067

/ has an absolute minimum at (e, ¢) and an absolute maximum at
(5,3.1067).

1 1
65. In(xy) = x + y, so Inx + Iny = x + y. Differentiating with respect to x, we obtain — + —y' = 14 )/,
LI 4

1 11—y x—1 yix—1
2 =1)=1-1/x,and ’(—————):————.Thus, PEpA Sk
y(y ) pandy =y % Y= i)

|

d
66. Inx + ¢ ¥/* = 10, Differentiating with respect to x, we obtain — + e‘J’/"—J— (—Z) =0, so
x \ x

1 —xy' | f— 1
= +eV/x ( yty ) =0, xyx2 Y emvix = )—c,xy’ —y =xe* xy' =y + xe¥/*, and finally

dy y + xe¥/*
dx x
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68.

69.

70.

71.

72.

73.

74.
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1

Inx + xy = 5. Differentiating with respect to x, we obtain — + y + xy’ = 0. Differentiating again, we
x

1

1 1 1 —2x2y —-=y l-x
have—x—z+y’+y’+xy”=0,soxy”=x—z—2y’=____x2 y.Buty’: x _ xz}’,so
1 14+xy 34 2xy
— 2 —
y”—;g[1+2x( x2 ):|._ x

! 1 1
Iny + y = x. Differentiating with respect to x, we obtain 2 +y =1,y (; + 1) =1,y (—j:z) =1, and
Y
1 /o ! ! 1
y = A Differentiating again, we have y” = a+7)y 2y ) -2 5 = A 5 = 4 3
I+y 1+ I+y)* I+y (A+»° A+

/

Iny + xy = 1. Differentiating with respect to x, we obtain 2 4+ y 4+ xy' = 0. Substituting x = 1 and y = 1 gives
Y

y’+1+y’=0,soy’:—%.

1
Inx + xe¥ = 1. Differentiating with respect to x, we obtain — + ¢¥ + xe¥y’ = 0. Substitutingx = landy =0
x

gives 1 + 1+ y' = 0, so ' = —2. Thus, an equation of the tangent line at (1,0)isy — 0= —-2(x — 1) or
y=—2x+2.

f®) = 7.29561n(0.0645012x%% + 1), so

d 0.95 -0.05
4 (0.0645012 1) 7.2956 (0.0645012) (0.95x" 0.4470462
[ (x) = 7.2956 - % | ) ( ) (0.955777)

0.0645012x%% +1 0.0645012x%95 41 — x005(0.0645012x09 + 1)
Thus, /' (100) == 0.05799, or approximately 0.0580%/kg, and £’ (500) = 0.01330, or approximately 0.0133%/kg.

!

w
In W = In2.4 4 1.84h. Differentiating this equation implicitly with respect to / yields W 1.84,0r W' = 1.84W.
Therefore, AW =~ dW = W'dh = 1.84W dh. Whenh = 1,In W =1n2.4 4+ 1.84 (1) ~ 2.71547,s0 W =~ 15.112,

Thus, with dh = Ah = 0.1, we have AW = (1.84) (15.112) (0.1) = 2.78061, and so the weight of the child
increases by approximately 2.78 kg.

a W= 4 (49.9+17.1In¢) = 21 5 0ifr > 0,50 W’ (r) > O on [1, 6] and I¥ is increasing on (1, 6).
dt !

17.1 17.1
b. W' () = % (—Z—) = ——775- < 0on (1,6),so W is concave downward on (1, 6).

a, The amount spent in 2012 was f (0) = 3.7 (billion dollars). The amount spent in 2014 was
f (2) =3.740.841n (2 4 1), or approximately $4.6 billion.

0.84 0.84
b. f'(t) = T so the amount spent annually was growing at the rate of f/ (2) = T 0.28, or

approximately $0.28 billion/year, in 2014.
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2\" d d 2
75. a.an:In(C(l—N)) lnC+nln( ) T an__——(InC)-l————[nln( N)]’
TV/izln(l i/) and V' = Vln(l———) ( ——2—) (1——%).
V,(n)_c(l—-}v) 1n(1—%)_m(1 2)
) B '

b. The relative rate of change of V (n) is given by 7 =
)

76. a. ¥ (2) = 60,000 ( %) — 38,400, or $38,400.

'
2
b IV/—((Q)) =In (1 - %) & —0.223, or approximately —22.3%.
40 4 80¢0-067
' 80 (0.06 0.06r 0.06 0.06¢ p’ 80 (0.06 3.6 0.06 1.6
P _d Py = (0.06¢%-%") 06e ® 80 (0.06¢>9) 5 o

PO ar 20 + 806006 204 006 ' Py | _go T 40+ 80e36 20+ 36
Therefore, the relative rate of growth of the population five years after the establishment of the biotech research
center is approximately 2.04% per month.

78. a. The revenue function is R (x) = px = (200 — 0.01x Inx) x = 200x — 0.01x? Inx and the marginal revenue
function is R’ (x) = 200 — 0.01 [x2 (1/x) +2x lnx] =200—-0.0lx - 0.02x Inx.
b. The approximate revenue to be realized from the sale of the 500th yacht is
R’ (499) = 200 — 0.01 (499) — 0.02 (499) In 499 =~ 133.01, or approximately $13,301.
79. P (x) =2In(2x 4+ 1) + 2x — x% — 0.3. We want to maximize the function P with respect to x. Setting P’ (x) = 0
2.2
gives P/ (x) = ——+2—-2x =0,0rd4+ 2x + 1) (2—2x) = 0,2x> —x —3 =0, and 2x —3) (x + 1) = 0.

2x+1
Therefore, x = —l orx = % We reject the negative root, so 7 is the only critical number of P. Because
d 4.2
P"(x) = 4—— x4+ T-2= —m —2 < 0forall x > 0, we see that the graph of P is concave
X

downward on (0, co), implying that 2 5 gives an absolute maximum for P with value P ( ) = 3.22. Thus, by

employing 150 consultants, Seko makes an estimated annual profit of approximately $3.22 million,

/

1 d d
80. a. In/ = In lya* = In Iy + Ina* = Inlp + x (Ina). Therefore, T= % [Inip+x(na)] = T [x Ing)] = na
X
and I' = (Ina) I = (Ina) lha*.
b. Because /I’ = (Ina) I, we conclude that [’ is proportional to / with Ina as the constant of proportion.
100 /7 (x)
S (%)

b. The percentage rate of growth of the company ¢ years from now is

81. a. 100;— [In f (x)] = , and this is precisely the percentage rate of change of f.
X

d 1.
100% IR ()] = 100% [In (0.1£19%2)] = 10021? (In0.1+1.5Inf+02¢) = 100 (—; + 0.2).

Thus, the percentage rate of growth 3 years from now is 100 <% + 0.2) = 70, or 70%/year.




5.5 DIFFERENTIATION OF LOGARITHMIC FUNCTIONS 3

d /' (p)
— [nf (p)] = /
82. a. We find — dp =— /(p) = _pp = F (p), proving the assertion.
4 anp) 1 1)
ap T P

d d | e—-O.lp”2
Sms@l "o

b. E(p) = —2£ = =—pi I:lne_o'lpm—-ln(2p+1)1/2]
d 1 dp
%(lnp) ‘];
d . pV2 1 2 1 20p
——p— |- 2_lmep+D)|=-p(- - = — )
dp[ 0.1p7" = 3In@2p+ )] p( 50 " 22511) 20 VP T oy

83. The relative rate of change of P is

P’ ) d d In(L/Po)e™ d (L ) " L ;
Y2 = = e == |InL — = |l =0 =Inf =) (—ce—°
5 ; [In P ()] 7 In (Le ) ; nlL —In X e 0—In ) ( ce )

L
=cln (—1—%) e,

84, a. If0 <7 < 100, thenc =1~ 1—;—6 satisfies 0 < ¢ < 1. It suffices to show that 41 (n) = — (1 — {5)" is

increasing; that is, it suffices to show that 4, (n) = =41 (n) = (1 — 55)" b 10/8
is decreasing. Let y = (1 — 155)". Then 20
Iny =In(1 - )" = In¢" = nlnc. Differentiating both sides with 601
) 40/
n s
respect to 7, we find ?')7 =Inc,and so y' = (Inc) (I — ;)" This is 20
negative because Inc < O and (1 — ,—%)n > 0 for0 < r < 100. Therefore, 0 0 i

A is an increasing function of # on (0, co).

. - . _ _ nyl __
c. lim A(m)= lim 100[1— (1 - 155)"] = 100.

06[()
0

1
85. a. R =log =log 10® = 6.
b. I = I10% by definition. Taking the natural logarithm on both sides, we find
In] =Inl0% = Inly + In10% = In Jy + R In 10. Differentiating implicitly with respect to R, we obtain
I dl
7= In 10. Therefore, Al =~ dI = R AR = (In10)I AR.If|AR]| < (0.02) (6) = 0.12 and ] = 1,000,000/,
(see part (a)), then |AJ| < (In10) (1,000,00019) (0.12) ~ 276,310.21/,. Thus, the error is at most 276,310 times
the standard reference intensity.

86. a. R(So) =kIn{2 =kln1=0becauseIn1=0.

dR d S d d k
CS = ﬁk In —50- = kd_S (InS—1n$H) = k§§ (InS) = 3 and so % is inversely proportional to S with £ as

the constant of proportionality. Our result says that if the stimulus is small, then a small change in S is easily felt.
But if the stimulus is larger, then a small change in S is not as discernible.
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! /

87. —CIny + Dy = Alnx — Bx + E. Differentiating implicitly gives —-Cy—+Dy’: ad — Bx/,
y
C A Dy-C A— Bx (4 — Bx) yx'
D—=)y={=-B)x, - ! and f .
(0=5)7 = (=) (B )y = (555 masor = G235

88, We differentiate V't = p — kln <1 — xﬁ) with respect to ¢, obtaining
0]

1dp
@_kﬂzd_l’(l k ):@(XO—p+k)'Thusiﬁg: Vxo=p)
dt 1- P2 dt xX0—p dt X0—p dt  xo—p+k
X0

V =

89. f (x) = 2x — Inx. We first gather the following information on f.

1. The domain of £ is (0, 00).
2. There is no y-intercept.
3. Yll)ngo 2x ~Inx) = oo.
4. There is no asymptote.

1 2x—1 .
5/ (x0)=2~~-= xx .Observethatf’(x):Oatx:%, _——— 0+ 4+ o+
x

signof '

{
a critical point of . From the sign diagram of f*, we conclude 6 1
2

that f is decreasing on (0, %) and increasing on (%, oo).
6. The results of part 5 show that (%, 1+1In 2) is a relative y

84
minimum of f.

6.
1

7. f" (x) = — and is positive if x > 0, so the graph of 1 is n
x

concave upwatd on (0, c0). o)

> X

8. The results of part 7 show that f has no inflection point.

90. f (x) = In(x — 1). We first gather the following information on f.

1. The domain of £ is obtained by requiring that x — 1 > 0. We find the domain to be (1, c0).

2. Because x # 0, there is no y-intercept. Next, setting y = 0 gives x — 1 = 1, so the x-intercept is 2.

3 lim In(x — 1) = —o0.
x—>1+ ( )
4. There is no horizontal asymptote. Because Iirr11+ In(x — 1) = —o0, x = 1 is a vertical asymptote.
) X—
5. f (x)= T > 0 forx > 1, so f has no critical number. y
¥ —

6. The results of part 5 show that f is increasing on (1, c0).

|
. I
1 ! /
1 I
7. [ (x) = ————. Because f” (x) < 0 forx > 1, we see that f is ; ;

(=D

concave downward on (1, co).

8, From the results of part 7, we see that £ has no inflection point.
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91. a. f (x) = b*. Taking the logarithm of each side, we have In f (x) = Inb* = x Inb, So

—dix [lnfx)]= % (xInb) and ;l((j)) = Inb. Therefore, f/ (x) = (Inbd) f (x) = (Inb) b*.

b. f'(x) = & (3*) = (In3) 3*.

92, a. f (x) = logyx,s0x = b/, Thus — (x) d [bf(x)] 1 = (Inb) 5/™) £/ (x), and therefore
1 1
) — - i
S )= (In BYb®  (Inb)x
1
! 1 s
b. /' (x) = (Oglo )= (n10)x
! 39x 3 d X X d 3 39x 29x 2
93, f'(x)= ( 2)=x 5(2 Y+2 E(x ) = (In2) x72* + 3x°2 = x* (x In2 + 3) 2",
d (105 _ G+1)010)10°=10° _ [(x+1) (in10) — 1]10"
94, ¢ (x )-— 5 5
x+1 x+1 x+1D
d d d x2
95. i’ (x) = = (x?logygx) = xzz)-c— logjpx + (loggx) 7 (x?) = 7o T ¥ loswo X
1
(l 10 +210g]0x)
96. 1 (x) = 3-v2 +log, (x2 + 1), 50
2x

1) = [3* +log, (x2 +1)]=(1n3)3x (2x)+m

x2 1
= 2x li(ln3)3 + 2) (x2+ 1):]

97. False. In5 is a constant function and f* (x) = 0.
98. True. f (x) = Ing* =x1Ina,so f' (x) = % (x -Ina) = Ina.

99, If x < 0, then |x| = —x. Therefore, In|x| = In (—x). Writing f (x) = In|x|, we have |x| = —x = &/®),
Differentiating both sides with respect to x and using the Chain Rule,we have —1 = /@) . ' (x), so
1 1 1
/ T e e T e e 23
f (X) _ ef(x) —x x
f(1+h) Jm — lim In(1+#4)~Inl — lim nh+ 1)'
o h =0 h h—>0 h

d 1 1
But /' (x) = ——lnx = —, and so with # = x, we have f/ (1) = 1 = lim —r—l—(—x——tﬂ
x’ x—0 X

100. Let f (x) == Inx. Then by definition, f’ (1) =




