]

50. Continued
(b)

N

[-360, 360} by [-0.02, 0.02]
This limit is still O.

© %sinx: limsm(x+h)—s1nx

=0 h
_ sin x cos A+ cos x sins—sin x
T 50 h
_ limsinx(cosh—1)+cosxsinh
h—0
=(1imsinx)(1im COSh_1]+(ljmcosx)(lim—sth
=0 -0 h =0 -0 h
VA
= (si 0)+(cosx)| —
(sin x) (0} + ( x)[lso
V4
=——CoSx
180
@ —d—cosleim cos(x+h)—cosx
dx h—0 h
=1imcosxcosh—sinxsinh-cosx
>0 h
=lim(cosx)(cosh—])—sinxsinh
h—-0

h
=(Iim cosx)[lim COSh_I)—(h'm sinx)(lim—smh)
B0 =0 h B0 =0 h

={cosx)(0) —(sin x) z

180
T,
=———sinx
180
d* . d =n n{ =m .
(e) —sinx=—-—-cosx=——| ————sinx
dx? dx 180 180\ 180
2
=— sin x
1807
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(cosh—1) — lim (cosh—1)(cosh+1)

51. lim
=0 h h—50 h(cosh+1)
cos® h—1
=Iim—-
h—0 h(cosh+1)
. —sin®h
h—0 h(cosh+1)

) )
0 h h-0cosh+1

0
o

52, y’:%(A sinx+Bcosx)=Acosx—Bsinx

y”=—;—(Acosx—Bsinx)z—Asinx—Bcosx
x

Solve: y'—y=sinx
(~Asinx— Bcosx)— (Asinx + Bcosx)=sinx

—2Asinx—2Bcosx =sinx
Atx:z, this gives —2A4 =1, soA:—l.
2 2
At x=0, we have -2B=0,s0 B=0.

Thus, A=—% and B=0.

Section 3.6 Chain Rule (pp. 148-156)

Quick Review 3.6
1 f(g(x) = f(x* +D=sin(x* +1)

2. fg(h(x)) = f(g(Tx) = F(Tx)* +1)
= sin[(7x)% +1] = sin(49x* +1)

3. (goh)(x)= g(h(x) = g(7x) = (Tx)* +1=49x* +1

4. (hog)(x)=h(g(x) = h(x* + ) =T(x* +1) =Tx* +7

g _ [P +1)_ . AP+l
> f[h(x)j_f( Tx ]—sm Tx

6. Vcosx+2 = g(cosx) = g(f(x)

——wcosx
d* d{ = (=
——Cosx=—| ———sinx |=———| ——Ccosx
dx? dx\ 180 1801 180

77:2
=—WCOSX

7. J3cos? x+2 = g(3cos2 x) = g(h(cos x)) = g(h(f(x))

8. 3cosx+6=3(cosx+2)=3(cosx+ 2)?
= h(yJcos x +2) = h(g(cos x)) = h(g(f (x))

9. cos27x* = f27x*) = FBBxH)?) = F(h(B3x*) = f(h(h(x))

10. cosy2+3x% = cosy3x® +2 = f(3x2 +2)
= f(g(3x) = f(g(h(x))
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Section 3.6 Exercises g dy _dydu
dy dydu v du dx .
1. Ezd_a y=cosu u=sinx
U
y=sinu u=3x+1 gx:—sinu @=cosx
du du dx
2 = cosu —=3 dy e
du dx I =—sin(sinx)cos x
ﬂ=3cos(3x+l)
& 5, 4 _dydu
» ﬂ_d_)’ﬂ dx _du dx
" dx dudx y=seeu
y=siny u=7-5x —dl=secutanu
du
j—z=cosu %z—S u=tanx
du__ 2
%=—5cos(7—5x) E—sec *
d
3 Q_ﬂ@ -(sz=sec(tanx)tan(tanx)seczx
Tdx dudx i d
y=cosu u=+/3x 9. j:=5008(§—3t)
dy . du
—=—sinu 23
du dx =[—sm(%—3tﬂ%(§—3t)
%=— 3sin(\/§x)
= —sin(E—St) -3
o D _ddu 2
o duds —3sin(f—3t)
y=tanu u=2x—x 2
dy 2 du 2
T e Ptk 10. %:%{zcos(n—m]
dy _ 2y 2 3
o @ 3xT)sec 2 —x7) = (1) Lcos (m— 4]+ cos (z — 41 1)
dt dt
dy dydu . d
5. 2% = f{—sin (% — 40))— (. — 4t —4n(
o dud [—sin(z )]d[(n )+cos(m—4)(1)
., _ sinx = f—sin (7~ 40)] (~4)-+ cos (T~ 41)
y=u “ T T¥cosx = 41sin(m — 41) + cos (7 ~ 41)
dy du 1
— =72 —_—=
" dr  l+cosx 1 B A e A cosst
dy Dsinx dt dt\3m hY1
E—(1+cosx)2 =2 c0s3 L 30+ 2 (—sin5t) L (50
3n(cos )dt( ) 5ﬂ( sin )dt( )
6. % = ?% =2 08303+ - (=sin51)(5)
u K74 bY/4
2
y=S5cotu u=; =%cos3t—%sin5t
dy 2 du 2
——=-5csc” u —=——
du de 52 12. %:%[sin(%tt]+cos[%tﬂ
@_sz[z]
dx * = cos| X4 | 437, | _gn[ 77, |4 ( 77,
2 Jdt\ 2 4 Jde\ 4
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dy d 2 -3 d dy d 3
13, 2= o) =2+ P (r+x) 19. 2%
dx dx dx dx  dx\\2x+1
_ 1
=2z +x) 3(1+mJ (\/2x+1)%(3)-—3%(\/2x+1)
= 2
& d . 2x+1)
14, — =—(cscx +cotx) ) 1 d
dx  dx (\/2x+l)(0)—3[ ]—(2x+l)
o d _ 2W2x+1)dx
=—(cscx+cotx) “—(cscx +cotx) =
dx 2x+1
= —;(— cot xcsc x —csc? x) -3 ! 2
(csc x + cot x)? o 2V2x+1
_ (escx)(cotx+cscx) cscx 2x+1
T (escx+cotx)?  cscx+cotx 3
P d QRx+DvV2x+1
15. -d—'z=-d—x(sin_5x-—cos3 x) =—3(2x+1)_3/2
. 6 d . 2 d
= (-5sin x)a(smx)—@cos x)a(cosx) 2. _‘in( x J
. 3 . dx dx Vi+x?
=-5sin""xcosx+3cos“xsinx d d
W1+x2) = () - x- = (W1+x%)
dy _d 3 4 _ dx dx
16. —=—[x"(2x-5)"] =
dx  dx Wi+x?)?
3, 4 4 ad 3
=) —@2x-5" +(2x-5)" —
(g Bx = (B =3 o 0 (\/l+x2)(1)—x( ! ]i(l+x2)
3 3 d 4,0 2 - W1+x? dx
=(x")4)2x-5) E(Zx—5)+(2x—5) (Bx") I+ 2
= (3 &y 200 cyh
= () (4)2x -5 (2) +3x2(2x~5) /——sz_x{ 1 ]m)
=8x(2x—5) +3x*(2x - 5)* _ 21+ x*
2
= x*(2x—5)°[8x +3(2x —5)] I+x
2 2
= x2(2x-5) (14x~15) o (+x)-x"
P A+ x)W1+x%)
17. —y=—(sin3xtan4x) =(1+x2)™?
dx dx
3 . d d . s 21. The last step here uses the identity 2 sin a cos a = sin 2a.
=(sin” x)—(tan4x) + (tan4x)—(sin” x) d d
dx dx Y -2 Gn*Gx-2)
3 2 d .2 d . dx dx
=(sin” x)(sec” 4x)—(4x)+ (tan4x)(3sin” x)—(sin x) d
dx dx =2sin (3x - 2)——sin (3x — 2)
= (sin® x)(sec® 4x) (4) + (tan 4x) (3 sin® x)(cos x) dx J
_2 ].H(QJE—2)GGS(QJE—;Z)-‘—(;;JE—Q
=4sin° xsec” 4x +3 sin” xcosx tan4dx § dx )
dy d =2sin(3x—-2)cos(3x-2)(3)
18, = gy (Hsecx +ianx) = 6sin(3x —2)cos (3x —2)
1 d =3sin(6x—4)
=4e——— % (ecx+tanx)
2secx + tanx dx d d d
5 . 22, 2 =1+ cos2x)” = 21+ cos 2x) (1 + cos2x)
= ——————(secxtanx +sec” x)
Vsecx +tanx . d
=2(1+4cos2x)(—sin2x)—(2x)
—secx secx+tanx dx
vsecx +tanx =2(1+cos2x)(—sin2x)(2)

= 2secx+/secx +tan x =—4(1+cos2x)(sin2x)
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d d
= (29);1-6(\/3600) + (\/sec())zb—(ZG)
- (29)[—,1—]i(sec(9)+ 2/sec

—(29)(2\/;)(sec9tan9)+2\/

=0(y/secO) tan6) + 2+/sec
=+/secO(ftanf+2)

(Fe)(M=f(eMg'D=f(DHg'(h= (5)(%] =

23. ﬂ——(1+cos 7x) 29. y’=itanx=seczx
dx dx
=3(1+ cos? 7x)? Ex—(1+cos2 7x) y"=5x—seczx=(25ecx)5;(secx)
= 3(1+ cos2 Tx): (208 Tx) - (cos Tx) = (2sec x)(sec.x tan x)
dx J =2sec? xtanx
=3(1+cos® 7x) (2 cos 7x)(~sin 7x) ~(7x) 4 '
dx 30. y'=-—cotx = —csc?
) . .y cotx cse” x
=3(1+cos” 7x)*(2cos 7x)(—sin7x)(7) dx
=—42(1+ cos” 7x)* cos Txsin 7x Y= %(— csc? x) = (—2cscx)%(csc x)
dy 1 d = (—2cscx) (—escxcotx)
24, L == (Jan5x) = ——— = tan5x
dx dx( ) 2+/tan5x dx =2csc? xcotx
1 s o d
= /—t?HSx (sec” 5x)— ~(5x) 3L y'=%cot@x—l):—cscz(3x—1)%(3x—l)
W (sec2 5x)(5) =-3csc?(Bx-1)
” d 2
SSCC 5x ~1/2 2 y =—[—3CSC (3X—1)]
or (tanSx) sec” 5x dx
2\/ d
==3[2csc(3x—1)]—csc(Bx—1)
dr d dx
25, o =g tan(2-6)=sec 22~ 9)~—(2 ) =-3[2csc(3x—1)] »
d
= sec (2_ 0)(~1) = —sec (2_ 0 [—cse(3x —1)cot(3x — 1)];(3x )]
dr = —3[2 csc(3x — D][—csc(3x — Deot(Bx —~1)1(3)
2. o= %(secze tan 26) =18csc? (Bx—1)cot(3x —1)
= (ec20)-L (an26) + (@ 26)-% (sec 26) 32, y'=%  gtan| £ | |=0sec?[ £ |4 X
do J dé p de|” 3 3 )dx\3
= (sec20) (sec? 20)— (26) + (tan 26) (sec 20 tan 26) — (26)
46 a6 35002 (fj
= 2sec’ 20+ 2sec 26 tan” 20 “\3
d x x\ld X
dr _d (S 3sec2(—J:|=3[ZSec(—ﬂ—sec(—J
27. = == J@sin fsind
10" 48 2\/Kde(sm) dx| 3 3)|dx \3
x X x\|d(x
[ (§n6) + Ging)-= (9)] =6[sec(§]] m(’i)m[?ﬂa[?)
—{SIn Sin
2\/98m0 el (i)m[f) .
= (Bcos8+sinB) 3 3
2\/93in9
__BcosB+sinf , d s 4
Zm 33.f(u)——zl-(u +1)=5u
| g =L n=—
8. & d9 0 (29J 0) dx 2Wx

[NSRNV )
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pon_ d 1y _ o2 _ 1 1Y ~1\d (u—-1
M. flw=—(0U-u"=u"=— LN b Y B B
du W 8. flw= ( +1J 2(u+1)du[u+1)
,o_d - 2d
g =—(-0" === —1-x) i (u_l)@‘“) -1 (u- 1) —(u+1)
(- 2L T+l (w+1y
=0 D=8 2(14 1)(u+1) @-1)_ 4@u-1)
utl)  @+1?  (@+1)

(fog)(-D)=f(g(-)g'(-D= f( Jg( 1) )
Uy Z (2 1=y
:(4)(_)=1 g(x)—dx(x )=-2x

(foY(=D=f"(s(-1)g'(-1)
=f(0)g'(-1)

121

3. f(u)——(cot—-)=—csc (””jd(”“) —(-H()=-8
10 du ] P d
Yy _ayau
=_£sc[ﬂ) 39()dx du dx
10 10 d
N= = d—(cosu)£(6x +2)
- o U
g'x)= (5 )= «/_ — Csinu)(6)
(fog) (D= f (eMg’M=f'(5)e'() =—6sinu
b4 Jof 5 = —6sin (6x+2)
=
dy _dydu
—-Z(3)--2 | ® %= s
10 2 4 4
d = Z; (cos2u) I BGx+1)
7 -2
36. f(u)=;1—’;[u+(c0su) ] o
s d =—6sin2u
=1-2(cosu) E;cosu =—6sin(6x+2)
2sinu
=1 dy dyd
T o 40. (a) Ey = :1%;”
d
gx) =—(@x)=rx -4 4.2
iix 1 1 dusm(u+l)dx(x )
ooy L = £oo(iyet L ' =cos(u+1)(1) « 2x
(8 (‘J ! (g(4))g (‘J =2xcos(u+1)
EAWE! =2xcos(x? +1)
=45
m % dy dy du
2 dx d dx
2 . d
(m) =—-—(s1nu)—-(x +1)
3
{ ! \ —éﬁsu}@xc)lx
k k‘E}) =2xcosu
=>Sn = 2xcos(x® +1)
(u® +1)i(2u)—(2u)i(u2 +1)
37 f() i 2u — du du
241 (u? +1)
(u +1)(2) (2u)(2u) “2u*+2
(u +1) (u +1)

g'(x)= %(mx2 +x+D)=20x+1
(fog)(0)= f(g(0)g'(0)= f(Dg'(0)=(0)1)=0



122 Section 3.6

41. @=i(200st)=—2sint
dt dt
ﬂ:£(2sint)=2cost
dt dt

dy
dy 4 2cost
== ————=—cott
dx dx 2sint

dt

This line passes through(2cos4 2sin— ) (\/7 \/_ 2)

and has slope — cot% =—1. Its equation is

y:—(x—\/i)+\/5, ory=—x+2\/§.

42, % = i(sin 2mt) = (cos 2nt)i(2ﬂt) =27 cos 27t

? = d—(cos 27t) = (—sin 27z:t)——(27tt) = -27;sin 27t
L]

dy dr _ —2msin 27t = —tan 27t

dx dx 27 cos 27t
dr

2
The line passes through (sin —7;’

has slope —tanz—z = \/3— Its equation is

44, @—isecmsecttant
dt dt
dy _d
—tant—sect
dt dt
&
dy_dr __sec’t _sect S
dx dr secttans tant sint
dt
. T b1 2 1
The line passes through| sec—, tan— |=| —=, —= | and has
6 6 3 3

45.

n 2
slope csc— = 2. Its equation is y = Z(x - —J +-—=,
6 \3

or y=2x—\/§

dx_d

de dr

d_dp_ 1

de dr ot
dy

dy_ar Vel _ 1

e dx 1 oWt
d

The line passes through[ ! \/g ] = (i , %) and has slope

1 L 1y 1 1
——==11Itsequationis y=1| x—— |+ —,ory=x+—.
\/. ) 1 ,4 2 4
y= \/_[x+—J > ,0ry= \/_x+2 4
i d 46.ﬂ=i(2r2+3)=4z
8. 2= e’ )= (ZSect)—(sect) Zt g
ay _
—(2sect)(secttant) g (t) 4r
= 2sec? ttant Q ,
dy_d b _di A _p
i Etant—sec t dx ﬁ At
dy , dt
b _dr st 1 The line passes through (2(=1) +3, (~1)*) = (5, 1) and has
dx dx  2sec’rtant 2 2 o
dt slope (-1)° =1. Its equation is y = 1(x ~5) + 1, or y=x—4.
The line passes through

(secz (_Ej_ 1, mn(_ﬁj] =(1, —1) and has
4 4

1 T 1 .
slope —cot| —— |=——. Its equation
2 4 2

1 1 1
isy=—=(x=1)-1, =——x-—
y 2(x )-1ory 2¥72



47.

48

fl—x—=—‘—1—(t—sint)=1—cost
dr dt
ﬂ=i(l—cost)=sint
dt dt
0]
dy _ dr __sint
dx  dx  1-cost
dr
The line passes through
E—sm ,1- coszr— = E—é,l and has slope
3 3’ 3 3 22

N2 31 equation is
1-cos [—)

y=ﬁ[x—%+§)+l,or

2
4
y=\/§x+2————.
NE)
dx d .
. — =-—cost=—sint
dt dt
Q=i(l+sint)=cost
dt dt
dy
dy g4+ cost
— == = —COtf
dx dx —sint 0
dt

The line passes through (cosz 1+sin 2] (0,2) and

has slope —cot(%) =0. Its equation is y=2.
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dy
¢)Letu=—.
(c) Letu dx
Then du _dudx 50 flﬂ_ﬁéﬂ . Therefore,
dt dxdt’ dx dr dt
d(dy)_dfdy), ax
dx\dx ) dt\dx ) at
5 .
_ t+1)(s1nt)-|2-2003t+(2t+1)
t+1)
__ (2+D)(sing) +2cost
Qt+1y

(d) The expression in part (c).

50. Since the radius passes through (0, 0) and (2cos ¢, 2sint), it

2dy dydx d

“dt dedr

has slope given by tan . But the slope of the tangent line is

@
Ll =4 _ zgo.s_t = —cott, which is the negative reciprocal
dx dx -2sint

dt

of tan ¢. This means that the radius and the tangent line are
perpendicular. (The pre¢eding argument breaks down when

k7t . . .
t= 7, where k is an integer. At these values, either the

radius is horizontal and the tangent line is vertical or the
radius is vertical and the tangent line is horizontal, so the
result still holds.)

d ds d0 d de
- 5o
dt

=(- sinG)(E]

When 6=37” and iq=5 §=(—sin37n)(5)=5.

e T dt

d d
_ Q2+ I)E(COS - (cost)E(Zt +1)

(2t +1)*
_ e+ 1)(=sint) — (cos)(2)

Qr+1)?
B (2t +1)(sint) + 2cost

(2t +1)

54.

=+ Tx- 5)—
dt  dxdt dx
dx _
49. (a) — (t +1)=2t+1 =(2x+7) =
dt dt
dy d.
—_ = = t
gt a8 Whenx=1and & =1, —y—[2(1)+7]( ]
dy d 3 d
d—y=£=—ws£ d dix) 1
de dx  2t+1 53.——y~=—sm£—(co f)—(—):— Yl
@ dx dx 2 2)dx\2}) 2 2
. . 1 x, 11
d(dy d cost Since the range of the function f(x)=—cos—is|——,— |,
b — == 22 2°2
dt\dx ) dt2t+1

the largest possible value of Ll is l
de 2

g E(smmx) (cosmx)%(mx) M COS mx

The desired line has slope y’(0) = mcos0 = m and passes
through (0, 0), so its equation is y = mx.
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55, Q:—‘—J—(Ztanﬂ)=(2secz E)i(ﬂ)
dx dx 4 4 Jdx\ 4

T o Tx
= —8eC _—
(%)
Y(l)——sec( ) Zey =n
The tangent line has slope 7 and passes through
(1, 2tan§] = (1, 2).Its equation is y = w(x — 1) +2, or

L y=mx—-m+2.

The normal line has slope L and passes through (1, 2).
T

Its equation is y = —l(x—1)+2, ory =—ix+l+2.
b4 T T

Graphical support:
-H-H"'\-\.
/ F“‘?
i/

[-4.7, 471 by [-3.1, 3.1]

56. (a) %m(x)] =2£"(x)

[SNRR S

At x =2, the derivative is 2 f'(2) = 2(%) =

®) %[f(x) + (= £/ () +g' ()
At x =3, the derivative is f'(3)+ g’(3) =27 +5.

(© %[f (x) e g = f(x)g"(x)+ g(x) f'(x)

At x =3, the derivative is

3@+ f'3)=0B)S)+(-4(2n)
=15-8xn.

4 fx) _ g f () - f(0g'(x)

dx g(x) L)

At x = 2, the derivative is

(@)

f(x)
—Jfx)= —f (x)=
2 f (%) 2 f(x)
At x =2, the derivative is
1

ffQ _ 3 1 1
27 2B v 1242
d 1 2g'(x)

- _2—_ _3 =
prr dx[g(x)] 2zl dx st

At x =3, the derivative is
280329 __10 _5
B3P (4?64 32

(& —

() —+f*(x)+g (X)———-[f (x)+g*(x)]
dx 2

A+ g x) &
1

e b L p 260 L g
220+ 82(x) dx dx

_ @@+ (08 )
P+ 2@

At x =2, the derivative is

(8)@%2)(—3)

fQF2)+52)g'@) _
JrAo+82@ J8? +22
10 10
_ 3 3 __
“Jes 27 3@

57. icos(x°)=—d—-cos XNl gn| 22 |- sin(x°®)
dx dx 180 180 180 180

58. (a) %[Sf(x) — )] =5 (D) -g')

At x =1, the derivative is

T B O T - 2 T
5F7(1) g(l)—S[ 3) ( 3] 1.

d d
) £(£0g° )= 148 @+ £ £ )

~—

' 2 = |-®)(=3
g(Z)f'(Z)—f(2)g'(2)=( )(3] ®E)

(g (2
T4
_3._3%
T4 6

© f;f(g(x» = F(g)g’ ()

At x =2, the derivative is

@)= F Q@)= [%)(—3) —-1.

= F@B* (80 + 8 () ()
=3f(0)g (08’ (x)+ g () f (%)
At x =0, the derivative is 3£(0)g*(0)g’(0) + g°(0)£*(0)

=3O [ }+(1) G)=o.



58. Continued

d d
o4 ( ) )z [gC)+11—- f()- f() g +1]
dx\ g(x)+1 [g(x)+1T
_ g0 +11f' () - F(0)e'(x)
[g(x)+11
At x =1, the derivative is

R
e +1]f"M) - fFDe'D) _ 3 3

[g(1)+17? (-4+1)?
==—=1]
d 14 s
@ —-f(g(x) = f'(80Ng')
At x =0, the derivative is
’ ’ — £ ’ — _l l = ___1_
F(g0)g’(0)= f'(Dg’(0) = ( 3)(3] 5

© %g(f(x)) = g F@)F ()

At x =0, the derivative is

g (FO)F(0) =g ()" (0) = (—%)(5) - %0

3
® Lign)+ N =g+ FOT g+ £
dx dx
_ g0+ F
lsG)+ fP

. Atx =1, the derivative is

{5}
_AgW+sm 3 3)_ -6
g+ fOP (-4+3)° -1

d , d
(&) L/ (x+ 8] = f'(x+g(x)—-[x+g()]

= f(x+g(x)A+g'(x)
At x =0, the derivative is
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tangent lines are 2 and —%, the lines are perpendicular and

the curves are orthogonal.

A graph of the two curves along with the tangents y = 2x

and y= —%x is shown.

[—4.7,47] by [-3.1, 3.1]

dy dy

60. Because the symbols —, —, and ﬂ are not fractions.
dx du

The individual symbols dy, dx, and du do not have
numerical values.

61. Velocity: s () = ~2mbA sin (27bt)
acceleration: §”(¢) = —47*b%A cos (27bt)
jerk: §'(f) = 87°b°A sin (27br)
The velocity, amplitude, and jerk are proportional to b,
%, and b* respectively. If the frequency b is doubled, then
the amplitude of the velocity is doubled, the amplitude of

the acceleration is quadrupled, and the amplitude of the jerk
is multiplied by 8.

62.(a) y'(t)= %37Sin[32—6ﬂ;(x - 101)]+ %(25)

= 37c0s] ZZ-e—100 |+ | 2% (101 |+0
365 dx| 365

= 37c0s| & (x—101) | « 2%
365 365
=47 os| 27 (x—101)
365 | 365

Since cos u is greatest when u# = 0, 27, and so on,
P 2
y'(¢) is greatest when —3—6~5—(x —-101)=0,or

x = 101. The temperature is increasing the fastest on

£0+g0)(1+g' @) = 'O+ 1)( 1+§J

=f'(1>[§]
o

59. For y = sin 2x, y" = (cos2x) fx—(Zx) =2 cos 2x and the slope

at the origin is 2.
dx

Fory:—sini,y'= —cos> | & 2 =—lcos£andthe
2 2 Jdx\ 2 2 2

slope at the origin is —%. Since the slopes of the two

day 10T (April 11).
(b) The rate of increase is

y'(10) = ;%_t =~ (.637 degrees per day.

1 d

2\/1+4t5

4 2

- 241+ 4¢ - N1+4r

At ¢ = 6, the velocity is #
J1+4(6)

63. Velocity: s'(f) = gt—\/ 1+4r= 1+4¢)

= zm/se)c
5
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63. Continued

Acceleration: s”(f) = 4a_2

dt J1+4r
(\/1+4t)%(2)——2%\/1+4t
B W1+41)?

1 d
2 (1+41)
2\/1+4t]dt

144t

2

—4
_Nl+4r 4

1+4¢ 1+4n¥?
#=—im/secz
(L+4@)* 125

dv dvds dv d
64. A 1 ti ——— e e = | —— =| - (k k
cceleration o dsdt (dsJ(v) [ds( \/E):|( \/—s-)

2
= [L](k\/;) = k—, a constant.
24/ 2

T

65. Note that this exercise concerns itself with the slowing
down caused by the earth’s atmosphere, not the acceleration
caused by gravity.

At t = 6, the acceleration is —

k
Given: v=—7
Js

Acceleration = d_dvds_(dv M= &
dt dsdt

——Thus; the-aceeleration-is-inversely-propertional-to-s 2

dv_df() _ df(x) dx
at dt  adx dt

. dT_M_[im £]<kL>
8

66. Acceleration =

= /() f(x)

“du dLdu \|dL

1l
/—\/T\
3
(N}
—
oy | b~
—— N—eee S

68. No, this does not contradict the Chain Rule. The Chain
Rule states that if two functions are differentiable at the
appropriate points, then their composite must also be
differentiable. It does not say: If a composite is
differentiable, then the functions which make up the
composite must all be differentiable.

69. Yes. Note that fx— flg(x) = f'(g(x)g’(x). If the graph of

y = f(g(x)) has a horizontal tangent at x = 1, then
f'(g)g’(1)=0, so either g’(1) =0 or f’(g(1)) = 0. This
means that either the graph of y = g(x) has a horizontal
tangent at x = 1, or the graph of y = f () has a horizontal
tangent at u = g(1).

70. False. See example 8.

dy
dy g 3cost
71. False. —=t=———=—cot(t
dx  -3sint ®
dt
dy =—cot(£)=—l
dxl:ﬂ/4 4
1 1
normal slope: m, =-—=-—=1
my -1
The slope of the normal is +1.
72.E. Q=itan(4x)
dx dx
y=tanu u=4x
ﬂ=sec2u ﬂ=4
du dx
D _ gsec? (4x)
dx
73.C. Do L o 412
dx dx
y=cos’u u=x>+x*
ﬂ=—2sinucosu ﬂ=3x2+2x
du dx
% =-2(3x2 +2x) cos (x° + x° ) sin(Jc3 + x2)
dy
dy_dr
74. A. x_ﬂ
dt
—dlz—d—(—-1+sint)=cost
dt dt
ix—=i(t—cost)=1+sint
dt dt
@
df __cost
dx  1+sint
dt
dy| _ cosO _
dxl,_y 1+sin0

x(0)=0-cos0=-1
¥(0)=—1+sin0=-1
y=1x—CD)+D=x



75. B. See problem 74.

ﬂ_ cost
dx 1+sint
cost=0
b3
==
2
76. For h=1:

I7aNN7aN
LN

[-2, 3.5]1 by [-3, 3]
For h=0.5:

VAN
J I\

[-2, 3.5] by [-3, 3]
For h =0.2:

AANA
VARV

[-2, 3.5] by [-3, 3]

As k — 0, the second curve (the difference quotient)
approaches the first (y =2 cos 2x). This is because

2 cos 2x is the derivative of sin 2x, and the second curve is
the difference quotient used to define the derivative of

sin 2x. As A — 0, the difference quotient expression should
be approaching the derivative.

77.Forh=1: \

78.

Section 3.6 127

For h=0.3:

~t R
i’\ﬂ\vf

[-2, 31 by [-5, 5]

As h — 0, the second curve (the difference quotient)
approaches the first (y = —2x sin(x?). This is because

—2x sin(x?) is the derivative of cos (x?), and the second
curve is the difference quotient used to define the derivative
of cos (x%). As h — 0, the difference quotient expression
should be approaching the derivative.

L —lxl= —-x x<0
(@) Let f(x)=Ixl= Y %30
Th , —i— -1 x<0
enf(x)_lxl_ 1 x>0
d d , du_u@
and ElIA:Ef(u):f(u)?d—x——mdx
d 2-9 (2x)E2-9)
(b) '(x)=[—(2~9>]. =
! - [x2—9  [x2-9|

gx)= %(Msinx)

“lx L inx)-2lxl
_|x|dx(smx)+(smx)dx X

= lxlcosx+ 220X
Ix]
Note: The expression for g’(x) above is undefined at
x =0, but actually
O+h)~gO) _ . |l sin A
h =0 h
Therefore, we may express the derivative as

=0.

’ . 8
0) = lim
g() h—0

——

!

[-2, 3] by [-5, 5]

’ [x|COSx+xsmx, x#0
r& g(x)= |x|
/ “\‘50”\” 0, x=0.
"I dG d d
[-2,3]1 by [-5, 5] 79. T dr u —a\/x(xﬂ:)
For h=0.3: iy P R e e
2x? +ox &

4&\“ /ﬂ _ 2x+c x+(x+0)

. Wil tex 2Jxx+c)
fl u+v A

W G



128 Section 3.7

Quick Quiz Sections 3.4-3.6

1.B. y=sin*u u=23x

Q =4sin®ucosu @: 3
dx

du

dy .3

—=12 3 3
sin” (3x)cos (3x)

2.A. y =cosx+tanx
y =-—sinx+sec’x
y” =—cosx+2sec? x tanx

3.C. x=3sint  y=2cost

dy
b _dt
ax dx

dt
ﬂ=i(2cost)=—2sint
dt dt
ﬂ=i(3sint)=3003t
dt dt
dy —2sint 2
~=——=-"tant.
dx  3cost 3

4.(a) s(0)=—02+0+2=2m

ds d 2
b) v(t)=——=—(—t" +t+2
(b) v(t) it dt( )
=-2t+1m/s

(¢) When v(#)>0

—2t+1>0

1
t<—
2

0<t< % (time must be 2 0)

(d) a(r)= @_ i(—2: +1)=-2 m/s?
dt dt

(e s(1)=0
£ +t+2=0
~(t*-t-2)=0
--2)¢+1)=0

Section 3.7 Implicit Differentiation
(pp. 157-164)

Exploration 1 An Unexpected Derivative

1. 2x-2y—-2xy"+2yy’ = 0. Solving for y’, we find that

dy .
— = 1(provided y # x).
I (p y#x)

_ 2. With a constant derivative of 1, the graph would seem to be

a line with slope 1.

3. Letting x = 0 in the original equation, we find that y = +2.
This would seem to indicate that this equation defines two
lines implicitly, both with slope 1. The two lines are
y=x+2andy=x-2.

4. Factoring the original equation, we have

[(x=»-2l(x-y+2]=0
SLx—y—=2=00rx—y+2=0
Ly=x—-2ory=x+2.

The graph is shown below.

A/
a4

[-4.7, 4.7} by {-3.1, 3.1]

5. At each point (x, y) on either line, % = 1. The condition

¥ # x is true because both lines are parallel to the line
vy =x. The derivative is surprising because it does not
depend on x or y, but there are no inconsistencies.

Quick Review 3.7

t=2 or t =—1 (not in domain)
speed = [V(2)|=|-2(2)+1]=3 m/s

[-6, 6] by [-4, 4]



