g

i

Lo

65. (a) Since the line passes through the origin and has slope

[ S X
—. itsequation 1§y = —.
e e

(b) The graph of y = In x lies below the graph of the line

X . X
v =~ forall positive x # ¢. Therefore, In.x < —
e e

for all positive x # e.

(c) Multiplying by e, elnx <x or Ina® < x.

(d) Exponentiating both sides of In x < x, we have

e . ‘ .
™ <e, orx’ < forall positive x # e.

(e) Let x = 7 to see that 7°< ¢” . Therefore, ¢™ is bigger.

Quick Quiz Sections 3.7-3.9

1.E. y:i—£
2x 2
dy__ 9 _
dx 2x°
dy _ 9 1
dxleoy 201 2
dy
2. A ———-(cos(3\—2))
dx
= 3(cos(3a—2)) (=sin(3x—2))(3)
=-9cos’ (3x—2)sin(3x~2)
3.0 Do Gin 2
dx  dx
L g,
JI-(x) dx
2

Vi-4x?

4. (a) Differentiate implicitly:
d, 5 3 d
—(xy —x")=—(6
(/x( ? ¥ dx( )

1-\“+A-2v—}—(3x2\+x3—@j:0
dx
1 ? 9
2 i xz(—i'\—:3,\")~x2
dx dx
dy 3x2y—»2
dx 2xy—\3

()M x=1,theny ~v=6,s0v=-2o0ry=3.
A2 (D) — (2>
il ), & MDD
dx  2(1)(=2)-(1y
The tangent line is y + 2 = 2(x — 1).
2 2
At(l.3), (/\ _3()7(3) 31 ~0.
dv 2ANH3)-1

The tangent line is y = 3.
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(c) The tangent line is vertical where 2xy —v* =0. which

L X . .
implies v =0 or y= 5 There is no point on the curve

where x = 0. If.\‘—'—— then v o —-x * =6.
2 2 2

Then the only solution to this equation is v = 3—24.

Chapter 3 Review Exercises
(pp. 181-184)

L ﬂ-—(—/[xs Sl +l.»c):5x4 «i_x+i

dy dx 8 4 4
LT B A I RPYI
dy  dx
dy d
3. — =—(2sinxcosx)
dx dx

= 2(sin x)i (cosx)+2(cosx) i (sin x)
dx dx

D ol
=-28in" x + 2c08” x
Alternate solution:

ﬁil = (—1(2 sinxcos x) = —d—sinlv =(cos2x)(2)
dx dx dx
=2c082x
4 5!_1___(/_[2.\'+1)_(2x—1)(2)—(2..\‘+l)(2)__ 4
Tdx dx\2x-1 (2x-1)° (2x—1)
5. d—s—icos (1=21)=—sin{l - 2t)(=2) = 2sin(1 - 2¢)
dr dt

ds d 2 2(2)d (2 52 2
6. —=—cot| — |=—csc”| ~ |—| — |=—csc”| — || =
dt  dt t r)dr\r t I

7. D i[\f ij:i( 2442y

A L 11

2 2’ 7\/— ?I_

8. — dy_ 4 —(xV2x+1)= (\)[
(.

dx

(2)+(V2x+1)(D)
e

_ X HCx+D) o 3x+1
V2x+1 Jax+d

9. £=isec(1+30)—sec(l+39) tan (1+ 36)(3)
do  db

=3sec(l+30)tan(1+ 38)
dr d

10, ===’ (3-6%
de de

=2tn(3-0° ) /[0 tan(3—0° )

=2tan(3-0%) sec” (3—67)(—20)
:—4912111(3—92) sec” (3~92)

g‘h‘#.‘;él,,,«‘ .
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11. i\— = —(x2 csc5x)
dx  dx

= (,\'2)(—cschcoth)(5)+(csch)(2,r)
=-5 \'2 cseSxcotSx+2xeseSx

1 1 as
2. 2 ]n (= \/— x>0
L A W e TS
13. d—\—ih( l+¢ )~-]if(1+1 )= e -
dx dx l+e* dx 1+e¢"
14 P2 ey = (e D ) = e e
dx dx
d)’ d I+lnx d I Inx d
15, —=— )= =—-lex)=
dx dx ) dx (e dx (ev)=e

16.~d'l—;—lln(sm,x)—~l—i(sm ()= cosx

dx dx sinx dx sinx
of x in the intervals (kzr, (k+ 1)), where k is even.
dr d 1 d =

17, —=—In(cos™ ,x):
dx dx cos”'x dx

X

1 | 1
cos™! «"[ 1-x* ] cos” xv1-x?

1 2 2
18, &~ dr dlg-,(92)=— ( )_ "9 -
e~ d@ - 0% 1n2 do @2 62
19. g5 _ d] gj(,w';):__]_ﬁ[,(,_ﬂ:—l-
dr dt (t—=7)In5 dt (t—=7yIn5
t>7
20. ds = 4 (8" =8"(n S)i(—f) =-8"In8
dr dt dt
21. Use logarithmic differentiation.
y= \ln\
Iny=In(x"™)
Iny —(hu)(lnx)
d
—1 ——l -
dx Y d.\(n )
ld)‘ =2 Ilnx—Inx
v dx X
dy 2ylnx
dx X

dy 22" In y

dx X

by B _d (02

dx dx /\ +1 a

5 A d S

Vel + 15 a2t - aneh) Ly 1

X [1.\‘[( Y) ] Q2xX )d_\' i\
ol

5 - S
N [(2.\-)(2-‘ )(in2)+ (2 )(2)}— (2025 )—,

>

-
'

+

— = cotx, for values

for —1<x<l

feRS

D) (2Y) (20 In2+2)-2x° (2Y)
= .
372

(41
(2 292 + I(xn2+ 1) — x7)
(x*+ 1%
(2 29 2437 +xln2+1-x%)
(>\,2+1)3/2

(225 In2+xIn2+1)
)3/2

(7 +1

Alternate solution, using logarithmic differentiation:

_(2x)2°
V41
Iny=In(2x)+In(2 )~ Inv/x? +1

Iny=In2+Inx+x ln2—%ln(x2+1)

(—11 \——[ln2+lnx+xlr12——ln(x +1)]
dx dx

ld—‘—0+ -+1n

v dx

dy

- .(1+h12— \.]
dx X 2+l

d\ (2x)2 [ +in2— X )
d\. Jr +1 x+1

23. 4 CZ\ iemn_l.\' - emn_].\- —dwtan_] x= e :
dx dx dx 14 x?
) ({ N b
24, di:—sm L= u?
du  du
1 d
= 1=t

(—2u)

| —u
NN iu|\/1—u2

25, — dr d fsec” r—llnt
dt (1

= +(secp) (1)h—
{m
1

- sec”
HW’
dy d
26, — 141 !
g~ ) cor 2l
, !
=1+ - 7](2)+(cot"‘2/) Q@n
1+ (26
= 2+2 +2rcot™ 2t
L+ 417

T,
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Iy 1 )
y 27.(—":i(:cos_]:~ 1-z7) dy -1, 0<x<m, xvﬁﬁ
3 dz s Therefore, d—': 2
x

3n
1, n<x<2m, Xx#*—

1 1
=(z)[“\/:,']+(cos_':)(l)~ (-22)
1=z 2122

Note that the derivative exists at 0 and 277 only because

-t +cos” z+ Lt these are the endpoints of the given domain; the two-sided
Ji-2 Ji-22 !
~1_ © e derivative of y = csc™ (sec x) does not exist at these points.
=C0S I
o d 30 d_;_i 1+sin@ ’
28. Z=£(2VX—1CSC~I\/;) ' d@—gle 1—cos@
ol - ] , :2(1+sin9 )((1~cosO)(cosG)—(l—l;sin@)(sin@)]
’ |\/§|J(J§)2 1 \2dx 1-cos@ (1—cos6)
1 1456 ) cos®— cos>0 —sinf—sin’ 6
+(2ese” Vx) =2 9 2
2. ’x_l 1—cos (I—COSG)

x—1 cse” Vx _2[1+sin9] cos@—sind—1
_—(\/;)2\/)6_1+ Nx—1 1-cosf (1——0056’)2
I esc'Vx

Tk ’ Jx—1 31. Sincey = ln;c2 is defined for all
2x 2
Ay d x#0 and l:%i(xz)z—és—,thefunctionis
29. &2 = —csc™! (secx) dx  x*dx xs X
dx  dx differentiable for all x # 0.
1 d
=| = |—(secx 32. Since y = sin x — x cos x is defined for all real x and
( |sec x|Vsec? x—l}dx( ) J
1 2 cos x — (x)(—sinx) — (cos x)X(1) = x sin x, the function is
= - ———sec X tan x dx
) |sec x|v/tan” x differentiable for all real x.
% __secxtanx !
' |sec xtan X| 33. Since y= ~% is defined forall x <1 and
2
1 sinx
_ cosxcosx __SinY dy 1{ 1=x Y2 42" - (1= x)(2%)
1 sinx |sin x| dx 2\1+ 12 (1+x%)?
COS X COSX 2
x=2x-1
=_ = ™ _ __ whichis defined only for x <1,
-1, 0<x<m, xi% 2= x(1+ x4 Y

It

the function is differentiable for all x <1.
3n
1, m<x<2m, x;t—z-

+
34. Since y=(2x - 7)_1 (x+35)= 2x 57 is defined for all
X~
Alternate method: . . . 5 " dy (x—TXD)- (45X ) 17
On the domain 0 €.x £ 277, x # =, X # ==, we may s 2x—T) T oex-1F

rewrite the function as follows: the function is differentiable for all x # —.

y= cseHsecx)

T _ . [ . . .
=57 sec” (secx) 35. Use implicit differentiation.

i xy+2x+3y=1
=T s .
=5 eos o) L+ Lans Lap=2a)
p - dx p dx dx l dx
Pl Osxsm  xzs 2 mm+2+32 =0
= 3 dx dx
T b3
;—(wa), T<x<2m, x#F— (x+3)Q:_(y+2)
2 2 dx
E~.\‘, 0<x<m, x#g iy_:__y_ﬂ
_ 2 2 dx x+3

; Vi3 in
% —E+.\‘, T<x<L2m, x#F—
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36. Use implicit differentiation.

) ) 40. v
5547 4107 =15
d
4 sty L1095, = L) —06)
dx dx dx dx
4375 1125 D 2 2y
dx _
dy 47 o y
v (2,73 3 -
37. Use implicit differentiation. o
Jo=1
d d
— Jxy = 4(]
dx N dx )
1 dy
x—+0)DH =0
2 .\3‘[ dx X )]
)rﬂ +yv=0
dx
dy ¥
dx X
Alternate method: In/xy =1In(1)
%[ln x+Iny]=0
T lnx Iny=0
Lrdy a.
Xoydx d
dr__X x
dx X

38. Use implicit differentiation.

2 X
V ——
’ x+1
d \j_ o d X
dx’ dx x+1
?yﬂﬁ (x+ 1)) = (D)
T dx (x+1)7°
dy 1
dx 2 y(x+ l)1
39, =1
d 32 d 3 d
— ) +—0")=—(
dx(\ ) dx(} ) (1.\'( )
3x7 4+3y%y =0
7 "‘3
Vi=—-
; ¥
o) 0D20 =)
dx _\-2 )'4
ol B
(20— ()2 )[— Lz—j
v
= -
e 20t 4217 _ 2+ )'3) 2
Vv E E

. 2 3
since v +y =1

2

x
d

dx

=]-

2

X

d

dx

g

2

1

232

[ )) + (X 2x)]

)
)|

y3 +y=2cosx
d

(y3)+5;<y>=—(2cosx)

dx
3y2y 4y =—2sinx
(3v* +1)y’ = 2sinx
2sinx

N

T
a_d 2sinx

B Z(_ 3y* +1J
L (35 +1)(2cosx)— (2sinx)(6¥v")
- 3y +1)°

2sinx
3

v +1

(3)-'2 +1)(2cosx)—(12y sinx)(—

(3y* +1)*
_ (3}'2 + 1)2 cosx+12y sin? x
By +1’




3

42 =g
(’ 173 d 173 (I
— @)+ =
dx(x ) dx S cf’x( )
l'\,—2/3+1 "/? v 0
3 3
9 273
. -2/3 (v 73
¥ "_)‘-2/3 N
L, d| (v 3
dx X
B AANESEO0
3\ x _\‘2
\ N3
_ ()"l -H -y
3\ x *
)
X
2 2
—gxmy’m (xS —x 2y
2 2
L L 2){-5/33,_/3
3 3 ’
43. ¥y = 20 =3x-1,
v =6x" =3,
w — ]2\,‘
“’ =12, and the rest are all zero.
4
X
44, y =—
Y=o
o
7%
"o \2
)/‘ et
i P
\(4] X
=1, and the rest are all zero.
45, EIL a4

Py} — ) FE S
dr  dx 2\/;——b lx———Zx
Atx=3, wehave\—\/——— \/—

dy  3-1

and — = .

dx 32 2(3) \/5

(a) Tangent: y= (x-=3)+ \/5 ory= x— \/5
5 5

(b) Normal: y= -é(x— 3)+ \/g ory= —@x%-—sig

Chapter 3 Review

11'\ d
46. — (d+coty—2esew)
(l\ Ty
=—cse” v+ 2eseveoly

w
At x = > we have

pia T
.\'=4-l-cot7—2csc7=-l+0—2= 2 and

dy s T b
e 2ese = col = =—142(1)(0) =~
dv 2 2 2

T n
(a) Tangent: y= ~1[.\' - ;)4— 2ory=—x+ ot 2

Vs s
(\—7)4-7 ory= \~—+7

47. Use implicit differentiation.

(b) Normal:

‘2+7\3=9
d 2
( =2y 9)
dx R dy )= d\
2y =0
dx
A S
dx 4y 2y .
| |

Slope at (1.2); ———=——

(a) Tangent: \'-—l(\‘ﬂl)+“ or\“——l\‘+2
I S R
(b) Normal; y=4(x—1+2ory=:4x—-2

48, Use implicit differentiation.

X+ =6
{ |
i(xHL( rm:;(@
Y \'

zﬁ[m( h)ﬂx) J 0

x dv _]7_.\‘_
7J_d\ 2\/:
dy 2( ¥ »
d\ X 2\/:

1+

5
Slope at (4, 1): —2\/I—l=—:—l=—E
4 4 2 4 4

5 5
(a) Tangent: y=——(x—4)+lory=——x+6
& ’ 4 ’ 4

| —
P

(h) Normal: —dy+lorv=

u1|J-a
'.nl-L

i

155
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dy
49. ﬂ:ﬁ’_: —2sin¢
dv dx  2cost

dt

3 .3
At szﬂ‘ wehave.\'=2smjﬂ=\/5,

3 Iy 3
\':2COS—7£:—\/§. and (—‘\:~tan -
. 4 dx 4

The equation of the tangent line is

Y= l(,\‘~\/§)+(—\[2_).or _\‘:x~2\5.

dy

50, —=

dt

At r_3£ we have x =3cos— =
4 4

xa4sm—~2\f md~——

The equation of the tangent line is

y= 3(\+§—{)+?\/§ or \—*\+4«/_

dy

51 d_\_‘d, _ Ssec™ ¢

= —tant

dy dr 4cost __é
dx dx  3sint 3

dx  dx 3secztzmt
dt

At t:%,we have x = 33@0%: 2\/5,

The equation of the tangent line is

——( —2\/—)+§£ 01\~~\~

dy
dy dat _ I+cost
) IMEM —sint
dt

Att= e , we have x = cos T
4 4

oo T
y=——tsin ~— =
=)

1+cos(~£]
dy 4) It

l\)l&

o) L
2

4

The equation of the tangent line is

p
2 &
,\':(\/5+1)£.\~——\—2@J~£——1 or :

1+ \/— )X — \/_ -I- Z
This is approximately y = 2.414x - 3.200.
53. (a)

{-1.3]) by [-1, 5/3]

(b) Yes, because both of the one-sided limits as x — | are
equal to f(1)=1.

(c¢) No, because the left-hand derivative at x =11s + | and
the right-hand derivative at x =1is — 1.

54, (a) The function is continuous for all values of m, because
the right-hand limit as x — 0 is equal to f(0)=0 for
any value of m.

(b) The left-hand derivative at x = 0 is 2cos(2#0) = 2, and
the right-hand derivative at x = 0 is m, so in order for
the function to be differentiable at x = 0, m must
be 2.

55, (a) Forallx #0 (b Atx=0

(¢) Nowhere
56. (a) For all x (b) Nowhere

(¢) Nowhere
57. Note that lim f(x)= lim (2x-3)=-3and

-0 r—0"
lim f(x)= lim (x—3)=-3. Since these values agree with
0" =07

f(0), the function is continuous at x = 0. On the other hand,

fix)= 2, ~1sx<0 so the derivative is undefined at
D=1 gex<d a i ine

x=0
(a) [FL.OU©0,4]  (b)Atx=0
(¢) Nowhere in its domain
58. Note that the function is undefined at x = 0.
(a) (2, 0)U(0, 2]  (b) Nowhere

(¢) Nowhere in its domain
59.
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N 60. ¥ 65. (a) e
3 : L oo
l ¢ I\"'m
| y
t |'I ‘1'.
l v U
'l (-1, 5] by [-10. 80]
|[ (b) ¢ interval avg. vel.
‘ [0, 0.5] ?) 85* 18 =56
61. (a) iii Sé 18
(o) ii . [b.S, I 1205 =40
[1,1.5] 7038 _ 54
62. The graph passes through (0, 5) and has slope -2 for x <2 1.5-1
and slope )~O.5 forx>2. (15.2] 74—70:8
3 2-1.5
2,25] 70-74 -3
2.5-2
[2.5,3] 810
3-25
L [3.3.5] 38258 40
L 3.5-3
i [3.5, 4] 10-38 _ 56
4-35
63. The graph passes through (-1, 2) and has slope -2 for x < 1, [ ™[,
slope 1for 1< x <4, and slope —1 for 4 <x <6. o
¥ e
7t b

T T 1

. 1 =7, . . . .
f(x)= 5,\' 3 which contradicts the given equation.

Answer is D: i and iii only could be true. Note, however
that i and iii could not simuitaneously be true.

[-1. 5] by [-80. 80]

- v=fx) (d) Average velocity is a good approximation to vel'ocity.
N AN d 1
X AV ey l=dx Flix .
\ 7 66. @ SV f]=ar @ = fw
r At x =1, the derivative is
1 1 1 13
, Jifry+—F f) = 1[~3+H(—3> =
64. i.If f(x)= zigxm +9, then f'(x)= %,\‘4/3 and 11 5/ \2 10
= +"3, which matches the given equation. (b) 4 /f(x) _ 1 F0= [
. . dx 2 f(x) 24 f(x)
i If () = —x"" =2, then f”(x)==x"", which o’
28 f 4 At x =0, the derivative is o 2 _ ~l.
contradicts the given equation. 2Jf0) 249 3
iii. If f’(x):gx“3 +6, then £”(x) = x, which matches (© ‘_If(\/})= f’(\/;)[_l\/E = _f_(["_)
4 dx dx 2\/}
the given equation. 1
v I f(x) = %_\,4/3 ~4, then f'(x)= ' and At x =1, the derivative is jz(ﬁ) = l% = % = 1-16

(d) (T[f(l —~Stanx) = f’(1—5tan x)(=5sec” x)
dx

Aty =0, the derivative is

fa —~5tan0)—~5sec’ 0) = f/(1)-5) = (é](—S) =-1
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66. Continued

()= (f(x))N—sinx)
(2+cos.\)

A4 fux) (7+COS\’)

(e)
dy 2+4cosx

Atx =0. the derivative is

(2+cos0) /(00— (fON=sin0) _3f"(0) 2
(2 +cos0)* 32 3

(f) —[lOsm( ]f (x)]

= ‘0[ Sin%)<2.f‘<x)f'(<\-),> i+ 10f2(,\-)(cos%"]£
=20f(x) f’(.\')sin%{+ 57/ (x)cos -

At x =1, the derivative is

20 £ () (1) sin%+57cf3(1)cos§

- 20(-3)(%)(1 Y+ 57(=3)7 (0)

-12.

! . o’ ,
67. (a) i[}f(x)*g(.\')]:% (x)-g'(x)
At x =—1, the derivative is
3f(--g'(=1)=3(2)—-1=5.
d

{(b) ;E[fz(.\')g’l(,\‘)}

= )« 3870+ g ()« 2F () F()
= f0)g* () [3f(0)g (x) + 28(x) F/(x) )

At x =0, the derivative is

F(0g*(0) [3£(0)g"(0)+2g(0)£(0) ]

= (=1(=3*[3-D(H+2-3)(-2)]
=-9[-12+12]=0.

1 . .
(©) < g(f(x)= g'(F(x)
dx

At x =—1, the derivative is
U= (== g (0)f (1) = (4)2)=8.

[ 3 3 ’
() = Fglo) = f(gl)g’(x)
dx

At x = -1, the derivative is
Flet=g'(==f=hg'-hH=2x1)=2.
d S @)+ f () f()g'(x)
dy g(x)+2 (g(,\‘)+2):

At x =0, the derivative is
(8O +2)17(0)—- £(0)g’(0) _ (B2 - (=

{ . , 1 )
() Lg(.\‘+j(.\‘)): g (.\'+f(.\‘))(—(x+/(.\'))
dx dx

=g (x+ fla)(h+ f(x)

Aty =0, the derivative is g"(0+ f(O)[1+ £7(0))
=g (0=DI+ (=)=~ =-1

/
68, D dwdr_ [—[[sin(\'ﬁ~2)]?—[[85111(s+%H
as

ds drds dr

{rsngg i)

Ats=0, we haver = 85&11(0+%J: 4 and so

P RO L )]
(2w (126

69. Solving 6°t+6 =1 for t, we have

g

= 1;76 =07 —67", and we may wiite:
dr_drdt
40 dr do
f_/(ez N ﬂ'_f_l(e-z _e)
db dr do
Lo + 771 20y = ﬂj(—w-%e*)
3 dr

dr_ 20007+ 20007+
PR Y RR S 3(6-2)

At =0, we may solve 671 +6=11to0 obtain =1,

dr 7( P+ 28y
and so — = ——
- 3-2) -3 6

70. (a) One possible answer:

x()= 10cos[r+%], y(H)=0

(b) 5(0) = 10cos§ =52

(¢) Farthest left:
When cos(r+ %] =—1, we have s(t)=-10
Farthest right:

When cos[r—% %j ={, we have s(+) =10,

4)

(g(0)+2)? (=34 2)°
=6,

N




70. Continued
. n . . .
(d) Since cos—= 0. the particle first reaches the origin at
T I . . Y
r= 1 The velocity is given by v(f) = —IOSm[H-—],

£

so the velocity at ¢ :E‘ is—10sin % =-10, and the speed

at r= %is]—l()'i = 0. The acceleration is given by

n ,
a(t)y=-—I Ocos(t+1)\ so the acceleration at

r=" s —10cos* = 0.
4 9

ds ,

71 @ D= D416 =64-321
drdt
5 _ 4 6432 =-32
de* dt

. L ds ,
(b) The maximum height is reached when T = (0, which
ar

occurs at 1 = 2 sec.

(¢) When 1 =0, 5’{—?- =64, so the velocity is 64 ft/sec.
dt

(d) Since % = 3(64r ~2.61%)=64~5.21, the maximum
at t

o 64 .
height is reached at t = I =12.3sec. The maximum

height is 9[§ij =393.8 fu.
52

72. (a) Solving 160 =490 1. it takes % sec. The average
velocity is 160 =280cm/sec.
477

(b) Since v(1)= gdl = 9804, the velocity is (980) [%j =560
1

. dv L
cm/sec. Since a(t) = o =980, the acceleration is
dt

980 cm /sec.

7. Vol af10-2 ]2 | =Ll af 1052 - 10
dx  dx 3 dx 3

=7(20x - x°)
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oY 3, 1 .
74, (a) 1= 3—— | x=9x——x" +
(a) r{x) ( 4()] \ v 20\ |600\

(b) The marginal revenue is

2

r’(.\")=9——:§—\'+ 3.2

0" 1600

-3 (x” = 160x +4800)
1600
3

- x —40)x - 120),

] 1600(\ )x X

which is zero when x = 40 or x =120. Since the bus
holds only 60 people, we require 0 <x < 60. The
marginal revenue is O when there are 40 people, and the

2
corresponding fare is p(40) = (3— %) =$4.00.

(¢) One possible answer:
If the current ridership is less than 40, then the proposed
plan may be good. If the current ridership is greater than
or equal to 40, then the plan is not a good idea. Look at
the graph of v = r(x).

[0, 60] by {~50, 200]

75, (a) Since x = tan @, we have

ﬁ = (sec2 6)@ =-0.6sec> 6. At point A, we have
dr dr

9=0 and$ =—0.6sec” 0 =—0.6 kim/sec.
dat

rad 1revolution 60sec 18 .
o . — = — revolutions per
sec 271 rad Imin 7«

minute or approximately 5.73 revolutions per minute.

76. Let f(x)=sin(x —sinx). Then

(h) 0.6

{
f/(x)=cos(x—sinx) £ (x—sinx)
dx

= cos(x —sin x)(1— cos x). This derivative is zero when
cos(x —sinx) = 0 (which we need not solve) or

when cos x = 1, which occurs at x = 2k7 for integers k. For
each of these values, f(x) = f(2km) = sin(2kn — sin 2k7) =
sin(2km —0) = 0. Thus, f(x)= f’'(x)=0 forx = 2k,

which means that the graph has a horizontal tangent at each
of these values of x.
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Since y'(r) < 0,3v'(l) <0, and ¥'(d) < 0, increasing r, [, or
d would decrease the frequency. Since v'(7) > 0, increasing
T would increase the frequency.

78. (a) P(0)= ﬂ = | student
I+e

2 2
() Tim P(r) = Tim ——0— = 2%~ 500 students
h—yoo hoes [ !
(c) P’(r)=%200(l+e5")"‘
==200(1+¢ )2 (7 )=1)
20065
(1+e>y

A graph of the derivative vy = P’(r) shows a maximum value

at 1= 5, at which point P’(r) = 50. The spread of the disease
1s greatest at 7 = 5, when the rate is 50 students/day.

1
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[0, 10] by [0, 60]

The maximum rate occurs at =5, and this rate is

500,
P'(5)= 200e”__ @79 = 50 students per day.

(l+e%)y 22

79.

A A ! .
VT

[~7, @] by [-4, 4]

i3 . .
(a) v# kT, where £ is an odd integer
£

o4

(c) Where it's not defined, at x = k%, k an odd integer

. T .
(d) It has period 2 and continues to repeat the pattern seen
in this window.

80. Use implicit differentiation.

22
x5 =y =1
d P [[ 2 d
S-S =2q
dx(v) dx("\ ) dx()
2x—-2yy'=0
yo XX
T2y oy
= d x
dx y

_ 0=y

. . P
(since the given equat1on is x*—y =1)

d?
At (2 \/—) ) _y_: (\/1_) 3\1/3—.

81. (a) v(t)=s"(1)=3t>-12
M) alt)=v'(r)=6t
(c) Set v(r)=0

and solve for .

3t°-12=0
3(r*-4)=0
3(-2)(r+2)=0
=2 or ==X
The particle is at rest when 1 =2.
(d) a(t)=0 when =0

speed = [v(0)| = }3(0)2 - 12| =12

(e) Towards the origin:
s(3H=3-12(3)+5=-4<0
v(3)=3(3-12=15>0

The particle is left of the origin and it is moving
to the right.
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—

s

y—1.543=1.175(x~-1)
y=1.175x+0.368
= 2_|= ! =(.851
dvldx  e—e 1.175
v—1.543=0.851(x-1)
y=0.851x+0.692

(d) m=

© < 5 —=0  (set dv/dx equal (0 0)
ef—e =0 (multiply both sides by 2)
ef=e¢"
2x (]

et =e (multiply both sides by ¢*)
Ine** =Ine’
2x=0
x=0

The tangent line is horizontal at x = 0.

83.(a) 1-x2>0 — i<l

S <1 - lx<1

—-l<x<l
Domain of f= (-1, 1)
1 2x
d) f(x)= —2x)=—
) f1(x) 1_xz( ) T

(¢) Domain of f'= {x | x2 #1 and x € Domain of f}
Domain of f'=(-1.1)

_(1=x)2)~ (20)2x)
(1-x%)?

_ o 2-2x" 444
Ca-x)

2+2x

(1-x*
=—w<0 for x# %1
-1y’

(The numerator and denominator are clearly both

d) f"(x)=

positive.) Therefore, f”(x)<0 forall xe(-1,1).

82. (a) @ = _d_(i(e“ +c7"'))-_- i(@" +e T (=1)) = e-e Chaptef 1 ' .

dx  dx\2 2 2 Applications of Derivatives

Ay d(l o YL et
M) —5=—r| e —e=gle e === Section 4.1 Extreme Values of Functions

(pp. 187-195)
e+e’ dy e—e”
(© ,\‘(l)=—7~—:= 1.543; Z = 1.175; Exploration 1 Finding Extreme Values
d “ly=l

1. From the graph we can see that there are three critical
points: x=~-1,0, 1.
Critical point values: f(-H=0.5. f(0)=0. f(1}=0.5
Endpoint values: f(-2)=0.4, f(2)=0.4
Thus £ has absolute maximum value of 0.5 at x =—1 and

x =1, absolute minimum value of 0 at x =0, and local
minimum value of 0.4 at x =-2 and v =2.

oo ., T

(-2,21byT~1,1]
2. The graph of f” has zeros at v =~ and x= | where the
graph of f has local extreme values. The graph of f” is not
defined at v = 0. another extreme value of the graph of f.
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forx<0

3. We can write f(x) = .
,'\ forx =0
X+l

so the Quotient Rule gives

—(%f)—lforx<0
X+

fx=

(e +)

Lt 3 forx =0

. X i I-x
which can be written as f'(x)=—"+
X

(,\'2 + ])-
Quick Review 4.1
1 / -1
L f'(v= L=
24—y dx 2Jd—x
2. fl) = 49—y =g 2y g
dx x
a3y 2 ¥
= (9= (=20 = —-*;Wy:
(9—x")""

sin (In.x)

Iny = -

o l
3 g =—sin(Inx) ‘
dx X



