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33. (a) Velocity: 5°(f) = -2 cos ¢ m/sec
Speed: 3 EL6)] Z = l 2 cos t| m/sec

Acceleration: s”(#) = 2sint m/sec”
Jerk: 8y = 2 cos t m/sec?

Greatest (in magnitude) whens= g— +kn

Zero whent = —:ZE +kw

Jerk:

- T
(b) Velocity: —2cos e V2 nikec Greatest (in magnitude) when ¢ = %’E +kn

Speed: 1—\55 =2 m/sec T
Zero when t = I+ kn

Acceleration: 2sin%i— = /2 m/sec?

d
35. y = ——csex = ~CSCx00LX
Jerk: Zcosz;— =2 m/sec? dx
d
L i A
(¢) The body starts at 2, goes to 0 and then oscillates s (—oscxcotx)

between O and 4. P ) d ’ )= ) d y )

= —(gsc X} —(cot x) — {cotx) —(csc x
Speed: dx \ dx
Greatest when cost = +1 (or ¢ = k), at the center of = '(C;T’ =0 x){eotx) - esexootr)

2
; . = +
the interval of motion. SC7 X+ s x oot x

, d
Zero when cos? = 0 {or t:%{rm, k odd), at the 36. y m&;(ﬂtﬁﬂe)
endpoints of the interval of motion, S d {tan®) + (ano) a4 ©®
Acceleration: d62 a6
=@sec” B4 tanf

Greatest (in magnitude) when sint = £1

d 2
=% (050?04 tand
(orzu%’i,kodd) Y=g Gsec 8+ tand)

d d d
Zero whensint =0 (or t=kn) = 9;5{(9609)(560 O] +(sec” 9)&5{9)+ Ea(tanﬁ)
Jerk: =9[(m9)~§§(wcﬂ)+(sece}-;a{secﬂ)]+sec26+Sec29
i it s = X
Greatest (in magnitude) whin cost = %] {or t=kn) = 205ec” B1an 6+ 2sec B
Zero whencost =0 (or t—-:—:;ﬁ, k odd) =(26tan9+2)(sec2 &)
or, writing in terms of sines and cosines,
34. (a) Velocity: s'(2) = cos t — sint m/sec 24 20tan g
Speed: s(t)=lcos t—sinfl mbec T cos?6
Acceleration: 5 (f) = —sinf — cost m/sec? 2cos@+20s5in6
Terk: 8 (1) = ~cost — sint m/sec’ = cos 0
37. Continuous:

(b) Velocity: ws%m sin% = 0 mfsec
Note that = i = } = =
Speed: |0Eﬂ0 mfsec ote that g(0) xlig)l“g(x) x{lﬂ)}gﬁﬂcosx cos(0) =1, and
lim g(x)= Lim (x+&)=h. Werequire lim g{x)=g(0),
Acceleration: —sin 2o — cos = = —J2 misec? 20 *-307 x0”
4 4 50 b =1. The function is continuous if b =1.

Jerk: —cos z +sin r_ 0 m/sec® Differentiable:
4 4 For b =1, the left-hand derivative is | and the right-hand
{c) The body starts at 1, goes to 2 and then oscillates derivative is —sin (0} =0, so the function is not

between + \/5 differentiable. For other values of 4, the function is
e discontinuous at x = 0 and there is no left-hand derivative.
Speed: So, there is no value of b that will make the function

Greatest whent = 3%: ke differentiable at x = 0.

Zero whent = %«I— km

Acceleration:



116 Section 3.5

38, Observe the pattern:

d ;
—CO§X = ~§inx

d5
«;Z;»gcosx = §iN X

d d . .
43. —a;x—oos2x = Ex—[(cos xHeosx) - (sinx)(Einx)

= {(cos x}%(cos X} (cos x)ug;cm(cos x)}—

d* d®

E;E'COSX:—COSX ?d-;—é-cosx:—*(:osx d d

! | 2 ' [(sm x)?&(sm x4 (sin x);;(mn x)]
oS Em s 7 osx e == 2(c0s x){—$in X}~ 2(sin x) (cos x)

a4 8 =—45inxXcosX

QO3 X T CO5 X ——5 COSX = COS X = - 2(28inx cos x}

dx d = - 2sin2x

Continuing the pattern, we see that 3t
n . 44, True. The derivative is positive at ¢ = —,
cosx = sin x when n = 4% + 3 for any whole 4

¥
45, False. The velocity is negative and the speed is positive
number k. ¥ g P P

7
999 ate= -,
Since 999 = 4(249) + 3, Wcosx = sinx. 4

46. A, y=sinx+cosx

39, Observe the pattern: dy d ‘
d . 5 e g 2 GO8 X - $IDLX
—— S X = COS X —— Sl = 005 X dx, dx
dxz d.x6 V() = SN+ COS T = ~]
z;;sinxmmsinx Ex—ﬁ—sinx=—sinx y(ﬁ;:i(}ﬁf::;‘ljr;—i
£ 47 ye=—xhm-]

e X = - COS ¥ —Sinx =-—cosx
dx dx 47. B, See 46.
—-—8inx = sinx — Sinx =sinx P |
dx ? my -1
y=(x-m}~1

Continuing the pattern, we see that
"

——5in % = cos ¥ when n = 4k +1 for any whole number . 48.C. y=xsinx

y =sinx+xcosx
y” =cosx+cosx—xsinx
=wxsinx+2cosx

725
Since 725 = 4{181) + 1, —;i-x-;ég sinx = cosx. .

ds d .
40, The line is tangent to the graph of y = sin x at (0, 0). Since . Cov(p) === (3 sind)

¥{0) = cos (0) = 1, the line has slope 1 and its equation W)= cost =0
s y=ux 7
p==

41, (a) Using y = x, sin (0.12) = 0.12. 2

(b) sin (0.12) = 0.1197122; The approximation is within 50. (a)

0.0003 of the actual value, _
42, —d—sin2x =—£{~(23inxcosx) /\
dx dx
d . Ry A
= Z-Zﬂ(siaxcosx)

) 4 d . [-360, 360] by [-0.01, 0.02}
= 2 (gin x)}—{C0s x) + {cos x) — (sin x) -
. dx. dx The limit is -~ because this is the conversion factor
= 2{sin x){~sin x) + {cos x) {cos x)]
= 2(_cc>s2 x—sin” x)
=20082x

for changing from degrees to radians.
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50. Continued . )
(b) SL lim {cos 1) e Him (cosh—Dcosh+1)
0k 50 hcosh+1)

2 —
/\ - lim cos"h-1
b0 h{cos i+ 1)

\/ . ~gin® h

= A0 hcos A 1)
[-360, 360} by [-0.02, 0.02] . sinh Y[ . sink
i = —| hm - || lm
This Hmit is still 0. -0 R hs0cosh+1
, . ‘ 0
4 .. si(x+h)-sinx =—(I)(—):O
(e) o stnx = %1_1_)13}————————“ _ 2
_ﬁmsmxcosh+cosxsinhw«sir:x ., d . .
= om n SZ.y::Ex—(Asmx+Bcosx)xAcosx-—Bsmx
-k sinx(cosh~1)+cosxsinh d
w;,i% h y" == (A cos x — B sin x) = -4 sin x — B cos x
[ W cosh=1) [ . sinh dx _
=}limsinx | lim +1lim cosx j| lim —— Solve: ¥~y =sinx
A0 PR ) ) -0 h
- (—Asinx ~ Boosx) - (Asinx + Bcosx) = sinx
= (sin XHO)+ (cos x)| —— i i
(s x)( 180 —2Asinx-2Bcosx = sinx
=L cosx Atx=Z this gives -2A;-r1 soA=~-1—
180 7 . 5
d  cos(x+h)~cosx Atx=0,wehave -2B=0,508=0.
{d) —cosx = lim ——rr e i
dx a0 h . Thus, A=~ and B=10,
= Tim COSXCOsh—sinxsinh—cosx 2
730 h Section 3.6 Chain Rule {(pp. 148-156)
i {cosx)(cosh—D—sinxsinh
e a Quick Review 3.6
_ ; YR SN T
= (}Em cesx)(iim cosh l}w(ﬁm sinx)(iim ﬂ“—’i) L fgx)=fG"+D=sin(x" +1)
Fs0 -0 R f1-20) b0 h
, i 2 fle(x) = flg(Tx) = F(Tx)* +1)
= (cos x) (0) ~ (sin x)| ~— . 2 7
180 =gin[{7x)" +1}=sin(49x" +1)
T,
BT 3. (goh)(x)=glhtx)) = g(Tx) = (Ta)* +1=49x7 +1

2

- N R BT
© E——sinx:-d—'-f——cosx:—ir— v—mﬁwsinx 4. (heg)(x)=h(g(x) = h{x +1)-7{x.+1)—7x +7
dx? dx 180 1804 180

AN E R Il
m_lg;sm - F f(h(x))“f[ 7x ]”Sm Tx
3 2z 2 /
i@sﬁnx = %{WT% sinxJ: — I:Oz [{8% oosx} 6. Veosx+2 = gleosx) = g(f(x)
i 7. V3cos? x+2 = g(3cos® x) = g(h(cos x)) = g(h(F (D)
e COS X
? 8. 3c0sx+6=3(cosx+2) = 3(/oos x + 2)2
ﬁicmx“i —wfwsinx . —J—r-cosx = ] = =
de ey dy 180 - 1801 180 = h( Cos X+ 2) = h(g(cos x)) - k(g(f(x)))
- __’f.i cosx 9. cos27x° = F(27x*) = FBBR* )= F(RB3xY) = Fhh(xD)
180
d* df #* n? T 10. cosv2+32% = cosV3x? +2 = F(\3x2 +2)
———3COS)C$EX" "“‘"""“'""ECUSJC 2-“""""""2'- —1-8—6 simx 2
dx 180 180 = f(g(3x*) = flg(hlx))
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Section 3.6 Exercises q @y _dydu
“de dudx
1. gxzﬂd_“ ¥ = CosH = sinx
dx  dudx 4 du
y=siny w=3x+1 £ = sinu —— = COS X
du dx
4y _ ilf‘;mg d
o dr a—i’- = —sin(sinx)cos x
dy
- 3x+1
o cos(3x+1) . & dydu
" dx dudx
2. iy-zg—ziﬁ y=secu
dx dudx J
y=sinu w=T7-5x J:secutanu
a du u
2 2 cosu e 5 u=tanx
du ' dx d
v 2
dy ——=ger” X
== -5 cos(7—5x) dx
& dy 2
3 E'Xmﬂd_" Ex-rrsec(tanx)san(tanx)sec X
Tdx dudx
9 gﬁ:fg—cos Z 3
y=cosu u=3x Tdt dt 2 :
L du_
i - wsm[£—3t] é_(ziast]
dy 2 dri 2
2 = ~f3sin(+3x)
: {5
4 dy dydu
d  dudx =33'm(—-—3t)
y=tany u=2x—-x
dy 3 du 2 ds d
Yo Lan-3 g2 -
I sec” u i X 10. i [tcos(m—41)]
dy Ty o2 3 d d
vt 2 (3 2%~ — .= _ Ang.
~ = (2 3x7)sec"(2x - x7) (1) o (T 4n) +cos(x —41) = (1)
s D _dyau = tf-sin(m— 461 (7 — 4¢) + cos (T~ ) (1)
dx  dudx : dt
2 sinx =~ sz~ 46)](—4}+cos (w4
y=u u:'-'1+cosx = 4t sit (7 ~ 46} + cos (7w — 41)
dy du sinx
a S T e ds _df 4 . 4
du dx  (1+cosx) 1. T E;(_?;E sin 3t + gj;cosSt]
dy _ 2simx 4 d 4 d
dx  (1+c0sx) = (os3) (3N + —(~sinS1) = (51)
6. & = dy du . : = —i(cos NG+ jw(ﬂ sinSEHS)
dx  dudx 3z S5
2 ' —icosiir—isinSt
y=5cotu | = | pn p
dy 2 dw__2 ds_d| . {3z T
— =30 1 = e = | gin} T —
du dx 2 12. A sin 2: +cos 4:
d _10 2(2) 3w \d {3 7% d (Tx
o 2N =cos| =t |od =5 Jsinf = || ==t
i o FJal ol a5



13, ffé’-zﬂ(m\/;)'z = mz(x+ﬁ)‘3gx—(x+£)

= —2(x +/x)? [14 m)

14, {escx+cotx)™!

4
dx

e

=~{cscx +cot x)”2 ?j; (cscx +cotx)

I
8 e (- GO X OSC X cse” x)
{cscx + cot x)
(cscx)(cotx+cscx} cscx

cscx+cotx

{escx+ cotx)?

fgw}i f{w(sm X —CO8 x)
dx  dx

15,
d d
= (~58in Fx)—(sinx) - (3cosx) —(Cos X
( x) dx{ 1= ( x) dx( )
=-5sin"Cxcos x +3cos xsinx

dy _d
dx  dx

16. (2~ 5)*]

= (x3)&;-(2x -5 + (255" %{ﬁ)
=(x")(4)(2x-5) %(2:: - 5)+(2x -5 (3x2)

= (x4 (2x - 5P (2) + 352 2x - 5)*
=8x°(2x -5 +3x* (22 - 5)*

= x2(2x -5 [8x +3(2x — 5%
=x*(2x-5P(14x-15)

i7. %" E(sm xtandx}

= (sin” x)gxw(ian 4x)+ (tan 4x)gx—(sin3 x)

= {gin” x) (sec? 4x)gx—(4x)+ (tan4x) (3sin’ x)gtw(sin %)

= (sin® x)(sec” 42)(4) + tan4x) (3 sin? x)(cos x)

=dsin® xsec® 4x +73 sin® xcosxtandx

18. dy d(4\/ X+@Enx)

1
m(secx»i»tanx}
2+/secx +tan
2 2

5 e (S0 X tAN X + SeC” X)

vsecx + tan x

secx+tanx

secx -+ tanx

= 2sec xy/secx + fanx

=4 ¢ —mmm——

=2secx

Section 3.6

3

19. 22
dx dx(\/vaH}
(J2x+1)§;(3)—3%(\/2x+1)

(2x+1)?

i d
V25 + D(0)= 3} ——— |- (2 +1
z( x+13(0) [zm)dx(ﬁ-)

2x+1

1
w3 2
_ (2\}2x+1)( )

- 2x+1

3
U Qx+IN2x41

=302x+ D

A

dx  dx )4
(V'I+x )_w(x) xm(\/1+x )

(\/1+x ¥
(\f1+x (1)~ x( J—‘i-(l-fxz)
W1+ 52 Jdx
1+x°

Vl»i—xz—x[ 1 ](Zx)
Z 21+ x

T4 x?

(1+xH)—x*

“(1+x2)(\/1+x2)

= (1+x2)—3.’2

118

21. The last step here vses the identity 2.sin a cos a = sin 2a,

:2 C;;rxsm (B3x~2)

=2sin(3x— 2)—;—}{sin (3x—2)
=2sin(3x - 2ycos (3x ~ 2)5;{3)«:— 2)

=2sin(3x ~2cos(3x—2)1(3)
= 6s5in(3x ~2)cos (3x - 2)
= 3sin{6x —4)
22, % = e (14 CO8 2P = 21+ cost)——(H cos2x)

=2(1+ cos 2x){—sin2x) E(Zx}

=2{1+cos2x){(—sin2x)(2)
= —4{1+cos 2x)Gin 2x)
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23 D —d—(l +cos* 7x)°
dx  dx

=3(1 4 cos® 7x)* -i—(l +cos” 7x)
=30} +cos” 722 (2cos 7x)§x—(cos Tx)

=3(1+cos? 7x)? (2cos Tx)(~sin 7x)§i—(7x)
=3(1+ cos® 7x)* (2cos Tx) (~sin 7x)(7)

= —42(1+ cos” ’;’x)2 cos Txsin7x

24, dy d(J ns) = -

_ i
2-JtanSx

i
N Z\Imn X

SSEC 5x ~1/2
or — (tan 5x)
2\}

dr d
4 e e 2-B)—(2-6
25 pT: detan(Z )= sec’( ) ( )

=5ec? (2 @) (- = —sec? (2-6)

(sec? Sx)—gx—(Sx)

(sec® 5x)(5)

sec” 5x

dar d
L o 225 2,
26. T de(sec29 tan 28)

d d
= (sec28) T (tan 20) + (tan 26} pr (sec26)

_ 20y 4 4
= (sec26) (sec” 26) = (26) + (an 26) (e 26 n 26) - (26)

= Zsec” 28+ 2sec 20 tan” 20

dr _d
7. & = L Jos _ % (6sin®
T 26”0 JST dé( sinf)

—(sing é (]
2\/9*517[ sind) +(stn ) { )]
=2m(9ms@+sin8)

__Bcos+sind

W Bsind
28. & m(ZBJ )]

deé db
d d
= (29);—5(\33609)+(\fwu9)&—5(29)

- 119 ety 2/acd
-M(ZG)[Z ,_.__Sﬁcg}dg(becﬂ)+2 secf
1
= (20 Gtang) + 2+/secH
( )(z\/s;é}(m e

= O(+Jsec B} tan 8) + 2secd
= «/secB(Btan B+ 2}

29. y’=§x—tanx=sec2x

¥ = %seczx:(ZSecx)ngw{secx)
= (2sec x)(sec x tan x)
= 2sec” x tan x

d 2
30, y'=-Lcotx=-esc
y cotx = —csc” x

vy = —j—x(— cse? x) = {(~2esc x)%(csc x)
= {~2cscx)(—cscxcoix)
= 2080° X0t x
3. ¥= de—cot(3x ~1)=—csc?(3x - 1)%(3x -1
=-3esc? (3x - 1)
y'= gx“ (~3esc? (3x~ 1))
=-3[2csc(3x 1) fxm cse(3x—1)
=~32c5c(3x~1)] «

{~cse(3x ~ D cot(3x — 1)]%(3x~ 1)

= ~32ese(3x - DH—csc(3x — Deot(3x — D](3)
= 18csc? (3x~Dcot(3x~1)

w vl (3)il6)

3. fl= %(us +1)=54"

DI O

ARV

2 I, ]‘
(fog)M=f (g’ D= f g (D= (5)(5J =

TN



3. fu)= 5;(1—;;"‘) s U = =

g'(x)m%mxr*wa— 2L £ 1-1)

1 S
(1-x)?

(feg)(-D)=fg-g'-D= f( }g{ -1

1
—(4)(2]—& |
s i) (5)il5)

= (LX) (1) =

A 2(7&'!&)
=——Cs8c”| —

10 10
- 5
g(x)-dx{sJ}) "

(Fea) =g’ = f(S5)g W

T R R
10 22

PN R
B 10(1)[2) 4

36, flu)= %[u +{cos u)™? ]

=1—2(cosu) " mf"'mcos u
du

Zsinu
=14 3
cos™ i

d
g(x) = E(m) =7

dZu_

2 o d
" +1) T (2w~ (2u) o (u” +1}

3. )= — =
e du y® +1 @ +1)?

(u +1¥2) (2u)(2u) Iy YN,
(u e I) (u 4 1)
gx)= —d—(lox2 +x+D=20x+1
dx

(fogY(0)=f"(gONg(0) = f (D" (O)=(0)(1) =0

Section 3.6

_ 1 12_ u~1yd{u-1
. flo= (Tﬂ “z[m]a:(“m)

wz[u_i](uﬁ-l) (a1 (1 — 1)m(u+1)

e+l (u+1)?

_ Q(M)(uﬂ)w(umn _4w=1
u+l)  (@+D? G +1y
g = (a2 =2x”
(f e @) =D =f(g-1)g'(-1)
= f(0)g'(~1}
=(-4)(2)=-8
dy dy du

39.
(@) dr  dudx

= 5—3 {cos u)f;{ﬁx +2)

= (—sinu){6)
= -8t u
= —Gsin (6x+2)

dy dy du

® dx dudx

d d
= T - Bx1
(COS M) { X }

= {~sin 2u)(2) « (3)
=~ sin 2u
= —G 5in{bx+2)

dy dy du

40. () T dudy

= %sin(u + 1)—;—;(;{2)
=cos(u+ 1D {1y« 2x
=2xcos(u+1)

=7x (:os(x2 +1)

dy _ dydu

()dx du dx

= E;{sinu)%(xz +1)
= (cosie)(2x)
=2xcosu

= 2x cos(x2 +1)

121
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41, %}5« = j"im(zc:osat) =—2sint

dy d
dtm (2sin )= 2cost
Q
dy_dr  Zeost
de dx  —2sint
dt

This line passes throngh(Zoos e 2sin ——) (,/.— V2 )

and has slope mcot%:— = —1. Its equation is

yzm(x—-\/i)a—\/i, ory=—x+2\/§.

42. % g—(mn 2n8) = (cos 291::)—(21::) 27 cos 27t
% = E(cos 27ty = (~sin 275:)(—1;(2:!:) = —27rsin 27t
dy
dy _dr _—2msinlm — —tan 27t
dx dx  2mcos 2wt
dr
. 2z r V3ol
The li thr —, — |={ ———, — jand
e line passes through (sm 6 cos_G) ( > 2} an

has slope wtan%g = \/Z? Its equation is

y;ﬁ[x+-\/5§~)+é—, or y:xfgx+2.

43‘:; i(sect D= (Zsect) (seca‘)
= (Zsect)(secttan.t)
=2sec’ ttant

dy_d el
a gt
dy

The line passes through

2| F . g -
(sec[ 4] 1, tan( 4)} {1, —1) and has

slo elcot . T Tts equation
ANk Y B Sk

isyzm%(x—l)—l, or y=~%x-—%.

—m—:‘...—————————-:———:-—-———_.csct
de dx secttant tant sint

dt

The line passes ﬁu‘ough(sec , tan— )— (-33-, —1—3—} and has

p—

x ‘ 2
slope csc— = 2, Its equation is y = Z(x W___}_ —_
6 4 J3

or y22x—\/§
dx d

45, ZE=2, o

46,

t
dar dt
dy d

PR

&y
dy g _veNn _ 1
dx dx 1 2t

dt

The line passes through[%,\/g ] (i ;) and has slope
WLM—I Its equation is y =1 x——I— +—1— or —x+—1—
\/'i- . 4 ¥y p) 5" ¥y ry
oI el
4

ﬂ —d—(2a +3=4¢
dr  dt
dy d

i (I y=4s

dy
d_a 4 .
dx dx 4
dt
The line passes through (2(~ l)2 +3,(-D*) = (5, 1) and has

slope (—1)2 =1.Its equationisy=1{x -5+, or y=x-4.

‘/,-_\-\-



dx

d
47.mw-m-t—'z=1~ t
= (z—sin?) cos
dy d
—————1 t t
0 (I—cost)=sin

ﬁfz
dy g sinf
dx ax " 1-cost
dt
The line passes through

E—sm , 1= cos—ﬂi- = _75__[3_’_1_ and has slope
3 3 22

3’ 3

32 2
Ix+2 -
3
48.—5{ -;icostmmsmt
dy .
~ e (] + gin£) = cost
& dt( sint) = cos
dy
dy 4r  cost
e R e S8 a5 e OO
dx dx st
dt

The line passes through (cos—:—z— 1+sm——] {0, 2) and

has slope —cot(—g] = 0. Xts equation is y=2.

dx d 2
49, s 2z 1
9. (a) : t(t £y == At +

ﬂ-——c-i—sh}z—cosr
dr dr
&
dy . dr. oost
dx  dx 2+l
dt
dfdy d cost
b} ] i ————e
®) dz[dx) dt 2t +1
d d
24 By - H—(2t+1
=( )dt(cos) (wS)dt( )
Qr+1)*
_ 28+ D(=sint)—{cost}(2)
2+ 17
{26+ Dising) + 2cost

(2t + 1)
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dy
Lety=—,
(c) Letn o

en du = dudx -@ = du + & . Therefore,

dr dxdr dx dt dr
aa)alz)s
delde) dr\dx ) dr

_w(2t+1)(smr)+2cosz

Qr+1)°
_ {2t +1){sinz) + 2cost

Q2+ 1

+(2t+1)

(d) The expression in part (c).

50. Since the radius passes through (0, 0) and (2cos ¢, 2sins), it
has slope given by tan ¢. But the slope of the tangent line is

@
o= % = %‘i’fﬁt = —cott, which is the negative reciprocal
—2sin
At

of tan ¢. This means that the radius and the tangeént line are
perpendicular. (The preceding argurhent breaks down when

ki . . .
£ mg—, where £ 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.)

“aa a0

= (—smB)(——-—dt )
3r de ds 3n
Wh - e §, | g T hegy 5,
en £ = 2aédt = (sz](}

2 dy dydx d
dt dedt

=(2x+ 7)(*&;)

When ¥ =1and a1 fl—gza)w}(;]

( +7x~ S)W

dt 3 dt

Since the range of the function £(x) = ~cos™ is| —+, - |,
227722

the largest possible value of @ is ~1»
dy
dx .
The desired line has slope y'(0) = mcos0 = m and passes
through (0, 0), so its equation is y = nex.

d
54, Exw(sm mx)= (cosmx)&—x—(mx) meos mx
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de dx 4

)
2 4
y(l)——m ( ]=—(f) =,

The tangent line has slope m and passes through

55, 4 _ = ﬁ_gmﬂ=(2m2 Eﬁ}fm(ﬁﬁ]

(1, Zm%) =(1,2). Us equation is y=m{x ~1)+2, 0r

y=mx—-n+2.

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

Its equation is y = ——1—(,t-—1)+21 0ry:—~£x+~i~+2.
T i 4

Graphical support:
/]
/N

(-4.7,4.7] by [-3.1, 3.1

56. {a) %{2 SO =27F"(x}

LI -

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

b) %[f(x) + g0l = F7(0)+ £'00)
At x =3 the derivative is f'(D+g' By =2n+5.

© 13+ g0l = £ 51+ 80F )

At x = 3, the derivative is

f3g'3)+ g f ) =BG+ (-4Hn)
= 15— 8.

d {0 _g@fm- g

dx g(x) [e()f

At x =2, the derivative is

(d)

20 = - (®)(~3
SOFQ)- FOF@ _ )(3] ®e

L8 (2)*
T4
3.3
T4 6

(@ £ Flgx) = £ ()

At x = 2, the derivative is

Fg@g’ ()= F'(2g' (2= (%]{—3) =

R it)) ‘
«Jf () W“—f (x)
2Jf (0 2 Sf(x) (
At x =72, the derivative is '
1
F1(2 :Mgm:“ P 1 .
2@ 22 62 1242
d _28'(xy

2 -2 -3 4 =
PR dx[g(x)} g™ —80x) = P

At x =3, the derivative is
m 2¢'(3) o AS) 2(5) 10 _5_
LGF (47 64 32

(h)"—\!f D+ = w{f (0+g* )l
2 5* (x)+g (x) ¥

{

— {2f(x) F® +2g(x>wg<x)3
WHEm+EE

_ f@f )+ g(x)g’(x)
JAm+£ 0

At x =2, the derivative is

1
sl Ly
ror@raoee_ Y (3}+( o
JrPo+ 8@ J8? 422
0w
3 3 5

NN T

d d X T X n
57. L cos(xey = L ~ T sinf 2 )=~ gin(a0
2 SO = oS (180] -isosm(lseJ 1807

f’”\

58. (a) %{mx)wg(x)] =517(x) - g'(x)

At x =1, the derivative is

50— g )= (—1}(“%):1.

4 gt = fo P s
) —-FE° ()= fx)- 8" () +8°(x) - f ()

= FOBE IS 800+ 6 0 ()
=3f(x)g" (N)g (D) + 8 (W F (%)
Atx =0, the derivative is 3£(0)g2(0)g’(0) + 2*(0)£7(0)

=300 ( )+(1) B =6



58. Continued
d d
© 4t BRGSO 0 a4
dr g+ [g(x)+1P
e+ HF(x)— f(0)g'(x)
[g(x)+1P

Atx=1, the derivative is

, , (—4+1>(—-1—]—(3)(—§)
e+ 117 (D~ fDg) _ 3 3
[g()+1F (-4+1y

@ fx—f(g(x)) = FE()g’ ()

At x =0, the derivative is

f’(g«)))g'm)wf'(1>g'<0)=(—%][§)=-—1.

© f;g(f(x)) = g (Ff ()

At x =), the derivative is

gfONfO)=g Mf'®)= (ﬁ %)(5) - %9

4 sd
(t4] i fe(x)+ f(x) 2glxy+ F ) o [g(x)+ flx)]

__ g’ )+ fix)]
Fg(x)+ f(o)F

At x = 1, the derivative is

{2
Agw+ran_ A3 3) -6
e+ O -4+3° -1

® E";{f{x + g0 = f’(x+g(x)>f;f.x+g(x)}

= flx+ gL+ g'(x)
Atx =0, the derivative is

f’(0+g<0))<1+g'(0»=f'(0+1>[1+~;»)

N
—f(l)[,j)

59. For y=sin 2x, y' = (cos 2x)~gxm(2x) =2 cos 2x and the slope

at the origin is 2.

x xYdfx i1 x
Fi = —gi - =] — R sl Sl O i th
or y smz ¥ ( cosz) (2) 20082311d €

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

Section 3.6 1285

. 1 . ;
tangent iines are 2 and Y the lines are perpendicular and
the curves are orthogonal,

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

and y= -m;mx is shown.

{—4.7, 471 by [-3.1, 3.1}

69. Because the symbols %, o4 and du are not fractions.

»

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

61. Velocity: 5" (/) = —2mhA sin (2ab1)
acceleration: §(5) = ~47*H?A cos (Znbi)
jerk: () = 8n*B*4 sin (Zrhr)
The velocity, amplitude, and jerk and proportional o b,
&, and &° respectively. If the frequency & 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.

= Lzl 2 ron e
02. (@) ¥y'(t)= 7 373::1{365 (x 101}}4« 5 {25)

2 d| 2x
=137 o x=10D | & ]
cos[%s(x 0 ):I [3 5(Jt: 101):|+0

27 2
=37co8] —(x—-101) | ¢ —
C0{365 (x-10 )] 365
T4 2w
= e ——(x—1
Y cos[365 (x Gl}}

Since cos u is greatest when u =0, +27, and so on,
. 2
¥'(2) is greatest when %(x ~101) =0, or

x= 10}, The teraperature is increasing the fastest on
day 101 (April 11). )

{b) The rate of increase is

¥ (10D = %%% = .637 degrees per day.
1 d
e S (14 41)
W1 +4r dt
L S
21+4t  Afl1+4t

At t= 6, the velocity is 2 = 2 mfsec
J1+46) 5

63, Velocity: s'(1) = g;\}é.+ 4p =
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63. Continued
Acceleration: (1) = 4_2
' dt J1+4¢

W+ 4:)%(2)— 2%\/” 4t

B (W1+41)?
1 d

-2 {1+ 41}

- (2\/1+4r)dt(
144t
-4
o lt4 = 4
I+4¢ (14452
4 4 2

At =6, the acceleration i§ ~—————=———m/sec
: [1+4@EP* 125

64. Acceleration = b _dvds [y (v)= i(k\/;)- (ks)
dt ds ds
2 ¢
= (M’f«m)(k\/; Y= —k—, a constant,
2Js 2
65. Note that this Exercise concerns itself with the slowing

down caused by the earth’s atmosphere, not the acceleration
caused by gravity.

k
Given: v= =
Vs
on v _dvds (@) o (dv
Acceleration = T -—( 7 )(v) = (v)(ds)
,{__’f_ 4k
Vs Jds s
( kY 5Ly -k Ls
= T ds d
S sy
—-k
k
=-(— 2Vs)
Vs ¥
2
e 8 2 ()
S2 )
Thus, the acceleration is inversely proportional to s
oo _dv_dfix) _dfdx o,
66. Acceleration = & «- d & Fx)f(x)

ar _araL_(a, [L
7. Sl AT | 2 g = |
O % & (dL ”\/;]( )

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 wd»im Flg(xl) = f(g(xNg’(x). If the graph of

y= f(g(x)) has a horizontal tangent at x = 1, then
Fe(g’ (=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 (4) has a horizontal
tangent at u = g(1).
70. False. See example 8.
71. False. It is +1.

T2. %, Y. gwtan(ﬂrx)
dx  dx

y=tanu u=4x
dy 2 du
i L= 4
T sec” i o

dy 2
= =4 4

s sec”(4x)

3.0 D= w{?wcosz(xs +x%)
dx dx

y=costu we=xd gt
Q=—2sinucosu @=3x2+2x
du dx :

% = —2(3x% 4 2x) cos (3% + 2x) sin{3x% +2x)

dy
dy _ gt
T4, A, —= o HE
@b
dt
dy d .
e 2t e (= SiTLE
o dt(l sing)
= oSt
dx d
e = e (o GOS E
dt dr( )
=1+sing
@
gt _ _cost
dy l+sing
dr
E'EX _cosh
dxl,., 1+sm0

M =0~cosl=~1
W0y =—I+sin0=-1
y=lx-(-D+{-1)=x



75. B. See problem 74.

_‘_i}l__ cos?
dx  l+sing
cost=0
b4
==
2
76. For h=1.

I7aXSV/N
N

f-2, 3.5] by {--3, 3]
For h=0.5:

VANA
VARV

-2, 3.51 by [-3, 3]
For h=0.2;

A A
VARV

[-2,3.5] by [-3, 3]
As h — 0, the second curve {the difference quotient)
approaches the firgt (v = 2 cos 2x). This is because
2 cos 2x is the derivative of sin 2x, and the second curve is
the difference quotient nsed to define the derivative of
sin 2x. As & ~» 0, the difference quotient expression should
be approaching the derivative.

Ti.Forh=1:

Al A

!

For i=03;

-

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

!
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Forh=03:

M
?’VM

|

{-2,3] by -5, 5]
As k- 0, the second curve (the difference quotient)
approaches the first (y = ~2x sin(x®)). This is because
2% 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.

78. (a) Let f(x)=1xl.
Then

£M=iﬂw:ﬂm@;F%ﬂ@ﬂzim
e dx dx {dx Ndx) I

The derivative of the absolute value function is +1 for
positive values, —1 for negative values, and undefined

at0. So f'w) = {;1 " :g

.. . u .
But this is exactly how the expression. I—_l evaluates.
17

. x2~9 _ @x){x*~9)
lx29l  Ix?-9l

(b)f%ﬂ=[§2u2~9ﬁ

g0 = rsina)

= |xi—5x—(sinx)+(smx)%|xi

xsinx

= |X|cosx-§-
|xd

Note: The expression for g'(x) above is undefined at
x = (), but actuaily
_ Alsi
(0= lim 8O+M =8O _ Iklsin s _
B h =0 h
Therefore, we may express the derivative as

0.

xsinx

cos X +— #0
g0 =1 PR
0, x=0.
79. %=%J$=%\/x(x+c m%\fxz-t-cx
- 1 —Eiw(xz—&-ax)ﬂ 2x+¢ N X4 (x4+L)
24x% +ex 2% Wxticr 2xx+e)
u+v A

Wy G



128 Section 3.7

Quick Ouiz Sections 3.4-3.6 Section 3.7 Implicit Differentiation
(pp. 157-164)

1.B.y=sin4u w=3x
Exploration 1 An Unexpected Derivative

dy .3 du
— = 4gin” peosy =3 . .
du dx 1. 2x-2y-2xy"+ 2y = 0. Solving for ¥/, we find that

e PP DA
e 125in7(3x) <08 (3x) % =1 {provided y # x).

2.A. y =cosx+tanx

y =-sinx+sec’x

Y = —cosx+2sect xtanx

2. With a constant derivative of 1, the graph would seem to be
a line with slope 1.

3. Letting x = ( in the original equation, we find that y = 22,

3.C. x=3sint  y=2cost This would seern 1o indicate that this equation defines two

dy lines implicitly, both with slope 1. The two lines are

i)ﬂ_ﬁ ymx+2andy=x-2.

dx  dx 4. Factoring the original equation, we have
dt ,

dy _d . [(x—=3)-2J[(x—»)+2]=0

Q;mg}«(zcust}:wzsmt sx—y-2=0orx—-y+2=0

d d Syz=x-20ry=x+2,

dr E(Bsmt} =3cost The graph is shown below.

dy _-2sint 2
@ Boost 3000 ///
4. (@) s(0y=—(0)* +(0)+2 / /
Ve

s(0)=2
0,2} [~4.7, 4.7 by [-3.1, 3.1}
2
() —1"+1+2>0 5. At each point (x, ¥) on either tine, % =1, The condition

(t+D—t+2)>0
¥ # x is true because both lines are parallel to the line

I<i< ! but <0 notreal
2 y = x. The derivative is surprising because it does not
depend on x or ¥, but there are no inconsistencies.

1
0<t<— : -
2 Cuick Rewview 3.7
© r>~}2~ : : Lx-y'=0
Jcmy2 .
ds d 2 \/“__
(d) v(t) = — = —(~t* +1+2) TNx=y
dt dt Y}:'\/J-CDY1:M\/;

=-2t+1

dv _d
(€ a(lt)= “a“!”; = :’f_r- (-2t+1)
=

M

1
o) = 5 [-6, 6] by {4, 41



2. 4x* +9y* =36
9y =36~ 4x”

4.2
2=§g94x =~§(9—x2)

y=i-§~v‘9—x2
¥ =—2— 9-x2, Yo =-——§—\}9——x2

3

N
P

[-4.7,47] by [-3.1,3.1]

3. xt—4y* =0
(x+2yKx—2y)=0
x
=1
Y=
X X
¥ 2:)’2 5

\\
/

[-6, 6] by [-4, 4]
4 *+y* =9
V=052

yx:t\IQ—xz
W =N9-a yy =9y

T
NP,

[-4.7, 470 by [-3.1, 3.1

5. x2+y*=2x+3
y2=2x~!—3——x:Z

y=EN2x+ 3~ 57

» =\/2x+3-—x2,y2 =—1./2x+3——x2

A
N

{-4.7, 471 by [-3.1, 3.1}

Section 3.7

6. x°y ~2xy=dx—y

Y =dx—y+2xy
¥ = 4x - y+ 2xy

x2

7. Ysnx—xcosx=xy+y
¥sinx—-xy' = y+xcosx
(sinx—x)y = y+xcosx

. y+xcosx
sinx—x

8. x(y*~¥) =y (x*~y)

W=y (P -yt x)
xyZ

xzw—y-i-x

9 \/;(x__%z:xm(x__‘xua)

T I

W2 _ 5i6

i

=X

x4YxE xe P

\/;3_ x3i 2

x x21'3

L et et e
xa,’z xs/z

NET -

10.

Section 3.7 Exercises
1. Pyrxnt =6
d - d. 5 d
. + =—{(6
d,x(x v) dx(«w ) dx( )
P %+ y(2x)+x(2y)%+ Y W=0

x* f_{}i+ nygz =—2xy+yH)
dx

dx
dy-
2xp+ x5) L= —(2xy +
(2xy x)dx Qxy+y%)
dy__ 294y
dx Zxy+x”
2. 4y =18xy

d, s d, 4 d
e [ R o —
dx(x) dx(y) dx(ISxy)
dy dy
3x% +3y* L = 185 2 £ 18y(1
LR i o ¥(1)
dy dy 2
3y* L —18x L =18y~
ydx 8xdx 18y~-3x
(Syz-—ISx)%:]Sywsz
dy _18y-3%*
dr  3y*—18x
_c_il_ﬁy—xz
dx  y*—6x

129
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2 X""'l

3. ¥ P

d 2 d x—
Z{;y mEx_ x+1

dy (x+1DA) = (x—1X1)

s (x+1)?

f?;}i 2

Y (x+1)°

dy 1

de yx+1)

(x+y)[1mg;) (e y)(1+f‘;]
(x4 )

2x=

2x_[x xg—x)—’i-y yji] [x+x—gxx—y—

6. x:=giny

7. x+tan xy=0

d d d
Ex—(x)'l"&;(taﬂxy) = Ex‘(o)

dy] 1+wcz(xy)ii-(xy) =0
ya‘; dx

{x+ y)2

2y—2xiy-

me—-————-——fx
{x+y)
dy

x(x+y) =y-—x?d;

dy _ _ 2
XY x(x+y)
dy_ymstesyf _y_
dx X x
Alternate solution:

(x+yy

xz{xw)mx"y
x +xy x ¥
—(x )+ (x y)———(x)———(y)

4yt L 2 ._;____‘b
3+ 47 +y( X}

(x2+1)%=1m3x2m2xy

dy 1-32"-2xy
dx 41

1+ (sec? xy){x%«:»{y) @1=0

a
sec” x) (x)ﬁ = = (se0? xyXy)
g’_)i _ —-1-y sec” Xy

dx xsec? xy

dy 1 4 ¥
L GOS” XY
dx x » x

8. x-+siny=xy

d . d . d
Ex—(x)+zt-(smy)— dx(xy)

I+(oosy}%: x-j—x)“)"l-()’)(l)

dy

cos y— x)——=~1+

(cosy )dx y
QH =l+y 1~y
dx cosy—-x x-—cosy

4 2eyy=L
9. (5= 2-(13)

dy

2x 42y~ =0

y 4 ydx
dy_ x 2_2
dc y 3 3



10. %(ﬁ +y% )= %(9)

2x+2y—=0
EIX=__’.‘_, __Q:(}
dx y 3

8 iy D
1l dx((x D* + (-1 dx(i3)

2(x—1)i+(2(y—1)1)%m0
dy _ x-1 3-1_ 2

dx  y-1 4-1 3

d ) s d
12, (x+ 2P+ +3)) =125

dx((x Y +{y+3)7) O

2(x-§-2)1+(2(y+3)1)%ﬂ0
dy _ x+2 142 3
dx  y+3 -T7+3 4

d 2 2 d
13. — - = e (4
(x“y—xy°) a(}
dy
2xy—y* +(2xy— x7 )= 0
xy—y° +(2xy X)z

dy__2my-y
dx 2xy—x*'

defined at every point except where x=0 or y= -;i

d d
14, zx-—(x) = Exm(cos v}

. dy
1= —giny yie
Vi
dy 1
dx  sny
defined everywhere,

d_ 53, 3 d
15, — (P +yh="
l(x ¥ l(xy)
dy dx
32*32,“%:4“%
x ydx yxdy
dy
32 ey = (x - 3v) 2
X" - y={x y)[

gy_m3x2—y
dx  x-3y"

defined everywhere except where y° =

W x

(b) Norma}:ym—%(x+1)+3 oryz——%xa-—

Section 3.7

d . . 2 d
16, —(x* +4xy+4y° —3x) = —(6
dx(x xy+4y" —3x) dx()

2x+4y—3+(4x+8y)§z= 0
fx
f,i_?’_m 3-2x-4y

dx  4x+8y

defined everywhere except where y = —%x
x2 xy— y2 a2 ]
Ly Lan-Loh==Lw
2)c-+~Jcii‘%+(y){1)~Zyg:éc}im 0

dy
B, DY) Y A TV
{x y)l Xy

dy _2x-y 2xty
dx x—2y -Zy—x
22)+3 _7
20-2 4

Slope at (2, 3

7 ki i
a)T try=—{(x—2)+3 =—X——
{a) Tangent: y 4(): Y+3ory 4x 2

(b)Nc:nna]:yw-—i(x—ZH?:ory=——fx+39—
7. 7 7
Kyt =25
d 2 d 2 d y
NS _I.,_,,,,,,__ —
dx(x} dx(y) @(25)
2x+2yé2=0
dx
dy x
dx oy
; 3 3
Sl E3,-—4:—-——=——
ope at (3,—4) i |
(a)Tangent:ym%(x—3)+(-4)ory=§.x.._2§

(b) Normal: y =% (x= 3+ (-4 or y = =32

x*y' =9
L=
dx(x y )—dx(g}

<x2x2y>%+<y2x2x>mo

dy_ 20y

dx 2x2y X

Slope at (~1, 3x —-%m =3

(a) Tangent: y=3(x+1}+3 0ot y=3x+6

8
3

134
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20, ¥y —2x-4y-1=0
d, .. d d d d
L (P e (2R~ (4 —-—~1=-—0
dx(y) dx(Zx) 4y (1 dx()
2y dy —2- 4dy—0=0
Y dxd
A
2y-4HE =2
2y )dx

S

dy 1
dx  y=2
1
Slope at (-2, Di—r=~1
peat (-2, D:7—
(2) Tangent: y= —(x+2)+ 1l ory==x~1
{b) Normal: y=Hx+2)+lory=x+3
21. 6x2+3xy+2y2+17y—-6=0

m(ﬁx )+m(3xy)+ (2y I (17)?)*”“(6)“—"(0)

12x+3xw+(3y)(1)+4y§x +17dy 0=0

dy dy dy
3 D172 =203
Y a Y
(3x+4y~|—17)-§—2—-12x-ﬂ3y
dy —12x-3y
dx  3x+4y+17

~12(-D-3(0) 12 6

-1
Slope at (-1, 0): H-D+40) 17 14 7

(a)Tangent:yx-g(x@l)+0 or y=~§~x~i~g

(b) Normal: y———(x+1)+0 ory-——-g—x-—g—

22. x2-x/-xy+2y2&5
-—(x }- «f (xy)+2m(y )m«@
2xwf(x)a_x/_(y)(1)+4y3x—=o

(-3 +4y)%= 3-2x

dy y\/f;-—Zx
: dx  —x\3+4y
Slope at (+3, 2):%z

(a) Tangent: y =2
{b) Normal: x = \6

23, 2xy+7;siny =27
d d d
i eyt P iy |
2dx(xy)+ndx(smy) dx( )
2x%+2y(1)+ﬂcosy%30

dy
2x+7 e e
(2x cosy)dx ¥

b2y

dx 2x+Tcosy

i 2t 2) n

Slopeat | L, >~} ~——"
P ( 2) D+ mwooswl) | 2

(a) Tangent: y= —E(x—1)+£ ory=—-zz2—x+n

{b) Normal: ym——(x 1)+—— oryz-—z—x——z—-!-g—
o
4. xsm2y—yc032x

4= L
-dw;(xsty) = e (ycos2x)
{xHecos2yN2) % + {2y =
{y)(—sin2x) (2)+{cos 2x}(%)
(2xc08 ?.y)f‘éi —{cos 2x)g~¥~ =2y §in2x - sin2y
dx dx

dy__ 2ysin2eedndy
dx 2x cos2y—cos2x

Ty {m .
Q(E)sm(uzw) +sin{x)
2(%)003(?:}-—003(%]

=3

Slope at EE P -
4’2

@O0
7
) (~1)~0

(a) Tangent: y = Z(x - g)-i-g— ory=2x

1 Tl o 1 57
b) Nommal; y == x = — [+ O Woutuhd
(b) Normal: y Z(x 4} 2ory 2x 2

25, y = 2sin(x—y)
dy

?d; = %%in(nx ~ )

dy dy
L= 2 eos - e
o cos{x ~ ¥} (7: J

[1+2cos{mx— y)}% = 2ncos(#x —y)

dy  2meos(mx—y)

dx v 1+ 2cos(mx—v)
2weosn 2m(-1)
1+2c0sm 1+2(-1)
(a) Tangent; y= zfr(x -D+0o0ry=2ax-27%

Slope at (1, 0):

1
b) Notmal: y = — e (x = 1)+ 0 0r y = o e
(b) Nommal: y = (x ) Y=t



26.

27,

28.

x” cos? y—siny=0
“gx”(*z cos” y)- f;ﬁsin )= %(o)
(%) (2008 ) (-~sin y)(gx}i)»% (cos® y)(2x)— (cos y)% =0

. d
(2% cos ysin y + cos y}fi =-2xcosy
(X

dy 2xcos’y _ 2xcosy
dx  cosy+2xPcosysiny 1+2x%siny
Slope at (0, x): 2DjcosT =0

1+ 2(0) sin 7w

(a) Tangent: y=1
(b) Normal: x =0

x2+y2:§

(y )mm(l)

2x+ 2y’ = O
2y = -2x

, X
y o=
¥

a_df x
Y AN

= 0)

ww(x ) e

Since our original equation was x° + y?' =1, we may

: s 4
substitute 1 for x° + y*, giving y” = s,

273

X +y2’3=1'

23 T
_I.. —_—
(x ) ! ( )= dx( )
2 s, 2 n,
2y 2y g
3x 3y y =

. x—lf3m y 173
YEITTTE T

Y

Section 3.7

2
113
—(x)(-)i) -y
- }mm{mmm”

-7y x413y2f3
1 2P,
3 x4/3y2.r=,
PLEL
3x4/3 173

213 2:’3

Since our original equation was x™° + y™7 = 1, we may

2/3 2/3

substitate 1 for x*° + y*°, giving y" =

3 x4.{3y113.’
29. y2 =x+2x

d, 4 d o d
—_— o — +-—(2
dx(y) dx(x} dx(x)
2y =2x+2
,_2x+2  xd
2y y

. dfx+l
Y=

dx{ ¥

DDy
yZ

yw(xﬁ"l)! »’fii}
= Y/

y?.

Yl
B

133

Since our original equation was y? = x? + 2x, we may write

—(x+1)? = (x2 +2x)~ (x? + 2x + 1) =1, which

gives y= ~»~}~3~.
¥

30. Y2 +2y=2x+1

Y d
(P 42y = —
I(y ¥) dx(2x+1)

(2y+2yy =12

__b
Y vl
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30. Continued
v d 1
dx y+1
=-(y+ 1)y
|
=+ 1) ——
(y+1) " J
B S
(r+1y
a1, dy d O 9 LM 9 LSt
dx dx 4 4
3 D4 s 3 a3 s
dx dx 5 5
dy _d3 L3 P oama_1 an
33. = — = —
dx de— &t T3t 3"

dy dy— d R gyt _ 1 o3
34, = =
dx dx‘/_ e S

d w32 i (—12)-1 d
w-—w = {2y + —(2%x+5
35 (2x+5) 2( x+35) (2x+5)

= ——]2—(2x +57( ) = —(2x 4+ 5

36 D=4 (1' 622
dx
= %{1 — Gx) A3t i—(b 6x)
=20-6076)
= wd(16x)7

3. mdwad (m}x ~+~1)
d o 2 d
=x—vrt+l4Vxt 41—
X X X (x)
d. 2 a2,
=x—(x*+ D"+ (% +1
x—{x } (x i

=xe ';;(xz +72 20+ (5 + D2

=x2(x2+1)«i.'2+(x2+1)il2

x*+1
Note: This answer is equivalent to .
X +1
d d ., 2 2
G +1)“2 g —x——(x +1)
a8 D4 X oot
dx dx .sz + 1 X"+ 1
F+)2 - xe %(x2 +D7(2x)
N 2+
_ 41—t
(2 + 1+ 1)
i
2 + 12

= (1)

39.

40.

41,

42,

dy d -1y
dx dx
- -;—(1—x”2)““”2£—(1—x“2)
1 vav-tinf 1 i
=—{l—-x ——
2 ¢ ) 2
__ 1 (1= xV2y V212
% - % 325~ 41y
o x4 1y ?j; @x 11
C e @2 B
= W2 4 1y
g}x ij(cscx):” z
d
9 w2 4
2(cscx} T (cs&_:x)
z(cscx)” Z(—cscxcotx)
= ma{cscx)m cotx
dy _d_. =
ExX =~ inGr+ )"

S ncessi L
= 4[sm(x +35)] dxsm(x+5) e

= g—[sin(x +51Y cos(x +5)

43. @) If fix)= ?ixm 3, then

fﬂ(x) =5 andf”(x) _ W4n’3

which contradicts the given equation Flxy=x"18,

(b) If fx)= -9—-x5’3 ~77, then

Fo= —x” ¥ and £”(x) = x™'7, which matches the
g1ven equanon

(c) Differentiating both sides of the gwen equatlon
friay=x

~413

gives f"(x) = —gx , SO it must be true

that f(x)=— % P!
@I F{x)= %xm +6, then f”(x)=x""> which matches

the given equation.

Conclusion: (b}, {c), and (d) couid be true.

e .,



44, (@) If g'(1) = 4%t — 4, then

H d s 1
0= @ =1 =,

the given equation.

(b} Differentiating both sides of the given equation

1
-

3
Ry - e L2 =14
& (r)—mtu—t gives g7 (t) =~

. , 4
consistent with g (1) = .__4\.[,__.

©Hgy=t-7+ %6-:5"‘, then
gW=1+4" and g"()=1>*
the given equation.
1
4
the given equation.

@I g'()=~1", then g"(1) = ggﬂ

Conclusion: (a) and (¢) could be true.

45, (a) 3 y? 3P

L=ty L2
S ON= 0N

Section 3.7

)

which matches

{~18, 1.8] by [-1.2, 1.2}

which is not Parameter interval: —1<r<1
s

46, (a) V(2-n=x*
A2, o4, 3¢
Se-nlesod o
OHED+ -9 L =3
dy .2 3

=;—;—4,which matches 2y(2—-x);~!~xm-_3x +y

dy _ 3x24yF

dx 2y(2—x)
374
2n2-1n 2
Tangept: y=2x - 1)+ lory=2x~1 :

/4 which contradicts
Slope at (1, 1):

1 1 3
Normmal: y=—~(x~D+10rvm——x4
£ ¥y 2( } Ty x

(b) One way is to graph the equations y = =,

47. (a) (~1*(1)* = cos(7) is true since both sides equal .
(b} x*y? = cos(my)
%(fyz} = %COS (7y)

(x%@)—% HOAR) = sinmy) ()
(2x3y + 7L sin ?ry}% = _3x2y2

y__
&

3x?y?

2x3y~1~7fsin7i'y
Stopest (-1, -— V0 _3_3
2A-1Y M +rsine -2 2

The slope of the tangent line is E

48. (a) When x = 2, we have y3 -2y=—l,0r y3 ~2y+1=0
Clearly, y = I 1s one solution, and we may factor
¥ =2y +1as{y - D(¥* + y—1). The solutions of

ST
y2+y*3=Oarey=_ii @ -4 1¢J§.

2( T2
Hence, there are three possible y-values: 1, -1- Jg ,

2
w145

2

and

135
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438, Continued
(b) Y -ay=-l
d . 3 d . _g_ ~
SO =)= =D
3y%y —xy’ — (yXD=0

@By -x) =y
7= 3y -x
v @ Y
=2
dx 3y% -y
_ 3 00N - (X6yy D
(3y? = x)?
_y-m' =3
@y* -2

Since we are working with numerical information, there
is no nead to write a general expression for y” in terms
of x and y.
To evaluate £/(2), evaluate the expression for y” using
x=2andy=1; ’

1 1

(D)= e = = = ]
/ 3H*-2 1
To evaluate £7(2), evaluate the expression for y” using
x=2,y=1,andy' =1
=20~ 30 W _ -4 _
B -21 1

49, Find the two points:

The curve crosses the x-axis when y = 0, so the equation
becomes x? + 0x+0 =7, or x2 = 7, The solutions are

X == i\ﬁ , 50 the points are (iﬁ , M
Show tangents are paralel:

@)= -4

x2+xy+y2='7
d. o d d_ , d
e Z = = (7
) )+ () (D

2x +x%+(y)(})+2y-3;y—ﬁ0

(x+2y)-%-:—-(2x+y)

dy_ 2xty
dx x+2y
2WTH+0
Slope at ﬁ,O { o e = )
pe at { } ﬁ+2(0}
Slope at (—\/—’77,0):—%=~2

The tangents at these points are parallel because they have
the same slope. The commen slope is 2.

50. Prxyryt=7
d 5 d d, . d
uel e . = {7
dx(x )+dx(xy)+dx(Y) dx( )
2x +x% + (D) + Zy% = ()

22 = 2x+ )

dy 2x+y
dx x+2y
(a) The tangent is parallel to the x-axis when
dy 2x+y
e e e = () QF y = -2
dx x+2y 7

Substituting —2x for y in the original equation, we have
P xy+ y2 =7
X2 4 (N=20) + (2x)% = 7
x2-2xt +dxt =7
3x? =7

xmi\/i

3 .

The points are ~\[i,2 —7— and \/i,—z\/z .
3 3 3 3

(b) Since x and y are interchangeable in the original
equation, %xw can be obtained by mterchanging x and y
y .

Gode  2y+x
in the expression for @ . That is, g‘_x_ ) ] . The
dx = dy x4 2y

tangent is parallel to the y-axis when gxm =0,0r
o

x =2y, Substituting —2y for x in the original equation,
we have:
2 z .
X +xy+y e’
20+ 20+ Y =T
4y* -2y  +y* =7
3y =7

7
: =ik [ .

YEHG
7 17 ’7 7
he point: MQ,IM,,’M 2 m,m,f— .
T cpomsare[ 3 3Jand[ 3 3]

Note that these are the same points that would be
obtained by interchanging x and y in the solution to
part {a},

81, First curve:

2xt +3y* =5
d a0 d 2 d
e (25— (3y*) = —(5
dx()«‘) dx(y) dx()
4x+6y£i—2==0
dx
dy __Ax_ Zx
dx 6y 3y

i,
7



51. Continued

52.

53. Acceleration = fi-g =
dt

Second curve:

yE =

mfl_yzm_fi'_xs
dx dx

dy o2
2y—=13x
Ve
dy 3
dx 2y
2 3 .
At (1, 1), the slopes are—~3~n and 3 respectively.

At(1, —1), the slopes are —i— andwg« respectively. In both

cases, the tangents are perpendicular, To graph the curves
and normal lines, we may use the following parametric
equations for-w S sm

First curve: x = \/gct)st, y= \/ugsint

Second curve; x == %/;E, ymf

Tangents at (1, 1): x=14+30y=1-2¢
x=142t, ye= 1431

Tangents at (1, ~1): =143, y=-1+2¢
x= 42 =~1-3

<
>

[~2.4, 2.4] by [1.6, 1.6

N TN R vz
V() = (1) p (44 64y 2(4+6z) ®)

= 9(4 +60)*
al)=v' () = %[9(4 +60"%

= %{4 + 61y V2(6) = 2T(4 + 612

At t =2, the velocity is v(2) = 36 m/sec and the acceleration

ésa(2}=%§m/secz.

oo
d:[g(s 07 +1]

=d(s~£)"? (%;i_ 1)

=45~ -1

e d(s— 1 [Bs—-H"* + D=1
- 32(s-~t)'§"2 (5 5)1/2

=32 ft / sec’

Section 3.7

54. y4 - 4-)72 =x*— 0x*
£ M- =S 6H- L o)
4y3%w8y"£— =4x°~18x%
dy _4x2-18x  2x°-0x
dx  4y* -8y 2y* -4y
23 -93) _27
22°-42) 8
2-3-9(-3) _ 27
22)° -4(2) 8
230 -9(-3) _27
20-2F -4(-2) 8
23093 _ 21
2-27-4(-2) 8
2+ y3 ~Oxy=0

Slope at(3,2):
Slope at (—3,2):
Slope at{(-3,-2):

Slope at(3,-2):
55. (1)
d. s d, s - d d 7
L =) =95 () = (0
dx(x )ddx(y; dx(xy) dx( )
2 28Y o G =
3x° +3y - 9xdx (D=0

(3y2 —-9x)% = 9y-—3x2‘.u.‘

dy _9y-3x" " 3y-i?
de 3y*—9x  y*-3x

32)-(4)? _-10_5
(2 -34) -8 4

0.4 3= 8 _4
Slope at (2,4): (4)2 T30 =107

(b} The tangent is horizontal when
dy 3y- 2 _ 52

=0, ory="—,
dr 3 773

Slope at (4,2):

137

2
Substituting Y for y in the original equation, we have:

x3+y3-—9xy=0

2 ¥ 2
312 Lot e
x 3 % 3 G

6 -
3, % 3
+ 3=
x > x” = (}

3

X 3

e . 4 P
{x 5}»*0

X&OOE'JCS%/EZ=3%

2
Atx=0, wehave y= %— = 0, which gives the point

(0, 0), which is the origin. At x =332, we have
ye= %(3%)2 = -;—(9%/;%») = 3%, so the point other

than the origin is (3%/5 ,3&9’/;1") or approximately
(3.780, 4.762).
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55, Continued

" (¢) The equation x3 + 33 —9xy is not affected by
interchanging x and v, so its graph is symmetric about
the line y = x and we may find the desired point by
interchanging the x-value and the y-value in the answer

to part (b). The desired point is (BQIZ , 32 )or
approximately (4.762, 3.780).
56, x4 2y 3y = 0
2 (222 () -2 h = 2-0)
2x +2x%+ 2(y¥1)~ 6yg—i- =)
(2x- 6y)% =—2x—2y

dy —2x-2y x+y
dx 2x-6y 3y—x
i+1 2

==, soth al
=12 & BOTHR
lineisy=-lx-D+lory=-x+2.
Substituting —x + 2 for y in the original equation, we have:

At (1, 1) the curve has slope

x+ 2xy— ?;y2 =0
22 4 2x(~x + 2}~ 3(-x+ 2 =0
2% 20 £ 4x-3(x° —4x+4)=0
—4x* +16x-12=0
wd(x-Dx-3=0
x=lorx=3
Since the given point (1,1) had x = 1, we choose x =3 and
$0 y=~(3)+ 2 = -1, The desired point is (3, -1}.

57. xy+2x~y=0
d d d . . d
E(WHEQX)—“J;(}')—dx(O)
dy dy
- D+2— i
xdx+(y)()+ o 0

dy
I | Yuc APRSNT, T
(x )i y

& _2-y_ 2ty

dx  x~1 l-x
Since the stope of the line 2x + y = 0 is -2, we wish to find
points where the normal has slope -2, that is, where the

tangent has slope m;m Thus, we have

24y 1
1-x 2
22+ y)y=1-x
442y=1~x
x=—2y-3

Substituting ~2y —3 in the original equation, we have:
xy+2x—y=0
(2y-3y+2A2y~3-y=0
2y ~8y-6=0
“2y+ D y+3)=0
y=~lory=-3
Aty=—-lx=-2y-3=2-3=-],
Aty=-31x=-2y-3=6-3=3,
The desired points are (-1, —1) and (3, -3).
Finally, we find the desired normals to the curve, which are
the lines of stope —2 passing through each of these points.
At (-1, 1), the normal line is y=—2(x+ 1)~ 1 or
y=—2x—3. At (3, -3), the normal line is
y=—2x-3)-3ory=-2x4+3,

58. x= y2

d . d 4
Ir (x)= T o)
dy
=2y~
Y dx
&1
dx 2y
The normal line at (x, y) has slope ~2y. Thus, the normal
line at(b*, b) is y = ~2b(x ~ B2+ b, or y=~2bx+ 26% +b.
Apd
260+ b =b2+l,

This line intersects the x-axis at x =
2b 2

which is the value of ¢ and must be gj'&;ater than % ifb=0,

The two normals at (b2, £ b) will be perpendicular when
they have siopes *1, which gives

~2y=*lory= i%(or b= i%) 'I'he:c':onesp{mding value

2
of aisb’® + % = (%) + % = —2 ‘Thus, the two nonhorizontal

normals are perpendicular when a = %

59. False.
d 2 d
v —_— 1
; (" +x) 1 n

d
2 Y
+1+ 2= =
¥ xydx
& _A-y =1,
de 2wy 41y
2
60. True. By the power rule.
y=@"

dy d_ a1 am 1
w7y TR

dy  dx 3



d 2 2 d
61. A. (Y= (1
dx(x xy+y°) dx()
dy
2x—y+(~x+2y)——=0
X~ y+(~x y)dx
dy _y-ix
dx 2y—x
2
62.A T2 9] ¥22x)_d o
de  del2y-x} dx
—3y+3x _,
2 e
e
e b
(2y~xy
d d
63.E. —(y)=—x¥
ﬂ{x(y) o
j{y_=ﬁx—1f4= 3
dx 4 4x1l¢

——2x+2ymy~ =}
dy _x::1
dx y 2
2 2
65. () i, -1};2 =1
a

P2 + Py = ab?
d 22 .d 39 d_ 3.9
= (BTX Ty = (a"b
dx( x%) dx{‘,”) (@t
2b2x+2a2y§«¥»=0
dx
b_ s
dx 2d%y  a’y
2

The slope at {x,, y,) is “--l—’-iﬂ.

a ¥

. bx
The tangent ling is yy, = - w«iwl (x—x,). This gives:
a’y,
azyly - azyl2 = ——bzx]x + blez
azy1 y+ bzxix = azylz + bzxf.

But a’y” +b*x” = a’b” since (x,, y,) is on the ellipse.

Therefore, a®y,y+b°xx = a’b®, and dividing by

%,

. XX
azbzgwes-—?z— e
a b

Section 3.7

2 .2
X ¥
() o — e |
522 e aPy? = g2

dona d a9 d 93
dx(bx) dx(ay)_dx(ab)

The slope at (x,,y,) is é’—j—‘—
a’y,
L. bx
The tangent line is y— y, = ———L(x~ x)).
a’y

This gives:

ayy-aty? =blax-bx?

b5 ~a’y? =blxx ~atyy

But b°x,® ~a’y? = ab” since (x,,y,) is on the

hyperbola. Therefore, b%x,x—a’y,y = a*b?%, and

2 gives T Y _
dividing by a“b*gives RN =1 S
66. (a) Solve for y:
S
a* bz \
-.Z__zm,.x.,w,f,.l
b* a*
2 B2
y=—plat —at)
a
yzjzgz 2 —g*
a
b3
—yxT -
tim £ < i @
X—yoo g(x} X—poe ’"b",xl
a
_ Vil -a®
e
2
= {im 1—“3:1

i
im ——- = lim —%oe
© xaom g(X)  xs= b

139
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Section 3.8 Derivatives of Inverse
Trigonometric Functions (pp. 165~171)

Ezxploration 1 Finding a derivative on an
Inverse Graph Geometrically

1. The graph is shown at the right. It appears to be a one-to-
one function

/

/

[-4.7, 4.7 by [~3.1, 3.1]

2. f(x)y=5x% +2. The fact that this function is always
vositive enables us to conclude that fis everywhere
increasing, and hence one-to-one.

3. The graph of f~!is shown to the right, along with the
graph of £ The graph of f~! is obtained from the graph
of f by reflecting it in the line y = x.

=

(4.7, 4.7] by [-3.1, 3.1]

"’“’_'_.H""‘m

4. The line L is tangent to the graph of ™' at the point(2, 1).

2,1
wﬂ—'—"‘ﬁ

(4.7, 4.7 by 3.1, 3.1]

8. The reflection of line L is tangent to the graph of fat the
point

(1.2}

A
[~4.7, 4.7] by [-3.1, 3.1]

6. The reflection of the line L is the tangent line to the graph

0fy=x5 +2x-1 at the point (1,2} . The stope is %at x=1,

which is 7.

7. The slope of L is the reciprocal of the slope of its reflection

since o gets weflected to become Ax_ L ltis —1— .
Ax Ay 7

~J -

Quick Review 3.8
1. Domain: {~1,1}

nn
Range: |-—, =

Atl:g
2

2. Domain: -1 1]
Range: [O, n’]
At 1:0

3. Domain: all reals

T
R N
ange ( }

Atl:fE
4

4, Pomain: (—ee, —13U{1, co)

Jdo Bl R
Range: |:0, 2]U(2,7z]

At 1.0

8, Domain: all reals mhevy

Range: all reals
At 111
6. f(x)=y=3x-8
y+8=3x
Lo2+8
3
Interchange x and y:
_x+8
=73
x+8

3
7 fx)=y=Yx+5
Y =x+5
x= y3 -5
Interchange x and v

=

y=x3-5
Fla=x-5

B fl=y=1
3

¥
Interchange x and y:

X =

y:

TN

/;—\



9. fny=y=22

xy=3x-2
(y—3p=-2
-2

KSR e 28

2
-y

B

T
and v
2

Interchange
r= 3~x
2
-1
X)) =
=5
x
19. f(x}=y=an:tan§

any= Feyl

YE3TESS

T 4

x=3any, - —<y<—

Y 2 Y 2
Interchange x and y:

T T
y=3tanx, ~—<x<—
2 2

-1 /4 T
= 3tan ) - —
f(x) X <x <

Section 3.8 Exercises

1

dy _d . d
L = e e
o dxcos (x™) e dx(x )

dy d . 1 d 2
32 Lt e 2 (2=
dr dr |- (Jan? di V1-2¢
y - 1 d
4, —= e 8N (1 §) = g (] - 1)
d d h--(l*-"f)z dr
- 1
2—1*
dy d . 3 1 df3
5 L= — e |
a o dr {zz} 3\ df[tzJ
(3]
1 [_g]z_ 6
ol 7 it -9

Section 3.8

6. Yo fi(sxfl — )+ f”w(cos"i 5)
ds ds ds

m(s)(;mfﬁ)c-mﬂﬁxn— \/1%
52

I i et

I iy

L 252

N

dy d., . d [T
g 2L E et
{xsin” )+ —{I~-x°)

= I | 1 " )
_(x)(——————m]+(sm x)(1)+—————-2 1-_x2( 2x)

=sin"lx

dv d

8. == Ex-—[sin"’i oy

=[sin” Q)] %sm“‘ (2x)
1

= ~[sin~ (20
1-4x*

@
Bin~ (20 V1 4x2

=sn' | L
9. x{ty=sin [4}

=sin"t u—ju
Y 4
siny=1u Ei-b—d'——l—
¥ a4
d . d
—@Eny)=—u
du( ») du
dy
Cog y =
ydu
dy 1
du  cosy

I d

2 n = bl
du ‘1 - uz dx
1

V6] b —
417116

v(3)=———1-————mﬁ-
a1-9/16 7

10. See Problem 9.

W
4
du_ 1
dt 8y
v(t};w.l.__w
8Vr1-1/16

1 3

4) r e o e
Y@ gJa1-4716 24

141
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Il x(d)=tan"'t

y=tan”

[T S
dx seczy 1-i~(t,£my)2
1

T 1f
2(2) = ,w_l.w,
1422
1
5
12. See problem 11,
2t
() = ——
141
x(D)= 20 5= 1
1+(D)
dy d
13, -t m g™ (2854 1
ds ds ( )

i
2 a541)

st iys 102 -1 4s
1 1

= 2=
E23+l[\/4sz-i~4s E2.s‘+1[\/s2+s

14, Do L eesgm 55 =
s ds g5s|«/(5s)2—zds Islv25s? -1
15. g:‘%:;%ﬂchsc’J (x2 +1)
1 d 4
S S v
Ex2 + 11\/(;;2 112 de
2x 2

G2 HDVE #2522 DVAE+2

Note that the condition x > 0 is require(i in the last step.

16. 2= '——"“‘x

HF

=

Note that the condition t > ( is reguired in the last step.

dy d 1 d
18, === —cot™ Aft = — e
dt dt v 1+ () ar
b
W+
dy d i d
19, — = ——got™ At I = s e o
dt dt L+ (e =107 dr
“_[ i ] 1) 1
1+t—1 24/t -1 26t -1
20 2.4 1-—secl g
ds ds
1 s i
25 ~1 !six/sz—l i 1

21 Py )+——(¢,sc*‘x)

dx  dx
(\’ - T -
1+Nx - )de |xNx -

1 1
x? 2\/x2-—1 |xwx -1
x\./x -1 IxNx -1

Note that the condition x > 1 is required in the last step.

dy_df at) d o
22. o dx( ot x} dx(tan x)

4l lext
=0,x#0
The condition x # 0 15 required because the original
function was undefined when x = Q.

P



0.289
W2) = sec”! 2 2.203
=0.289(x ~ 2) + 2.203
y=0.289x+1.625

4. y=tan"'(x)

1+x°

Y@=

1427

Y@=+

¥ = tan“‘(x)wl 107
y"‘*g(x 2)+1.107

1
=—x+0.707
SJC

25, y=sin"'| Z
y=sin (4]

y=sinty u=2
4

siny=1u gﬁ“—l-
r= a4
d . d
du(smy)-du
dy
cogy~—=1
ydu
dy 1
du  cosy

Section 3.8

&!%

}'(3)"'
1__

¥(3)= 0378
y(3)=sin" (4) 0.848

y=0.378(x—3)+0.848
y=0.378x~0.286

26. Sec problem 24.
2

=X
ff{f =2y
dx
1_du
1422 dx
2x
P+x°
_ 2
1+) !
=1
(1) = tan" (1)
y(1=0.785
ye=1(x—1)+0.785
y=x-0.215

27. (a) Since % =sec” x, the slope at (—15 1) is sec’ [%J
The tangent line is given by

T T
=2} x4+ Lory=2x=—+1,
Y [x 4] y=ar=s

i1 1
(14J 1417

The tangent line is given by x # 0.

. dy l
{b) Since ==
dx  l+x

1

=3

28. (a) Note that £'(x) = 5x* +6x% +1. Thus f(1) = 3 and

fr=12.

143

2.

(b) Since the graph of y = f (x} includes the point (1, 3) and
the slope of the graph is 12 at this point, the graph of

y= f£7H(x) will include (3, 1) and the slope will be 312- .

Thus, £~ (3) = 1and (fY(3) = MI}:ZM {We have assumed

that f~(x) is defined and differentiable at
x = 3. This is true by Theorem 3, because
F/(x)=5x% +6x> +1, which is never zero.)
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29. (a) Note that f/(x) = —sin x+ 3, which is always between

2 and 4. Thus fis differentiable at every point on the
interval (—oo, oo) and f(x) is never zero on this interval,
0 f has a differentiable inverse by Theorem 3.

B) f(H=cos0+3(0)=1;
FO) =-sin0+3=3

(c) Since the graph of y = f(x) includes the point {Q, 1) and
the slope of the graph is 3 at this point, the graph of

y=£(x) will include (1, 0) and the slope will be % :

Thus, £7(1) =0 and (£ Y () = §

30. ‘
PAN
N4
["2'”’ 2'”] by [--4, 4}
{a) All reals
o
® [““5’ “5}

{c) Atthe points x= k g— , where k is an odd integer.

{(d)

[*3

~ai
(&) f'(x)= 2 gint sinx)
dx

1 d .
= e e §10 X

1—sin®x dx

which is + 1 depending on whether cos x is positive or
negative.

3. {(a) v{H)= & = wwlwzm which is always positive.
. dt 1+¢

dv 2t -
{b) a(t)=— = — i which is always negative.
dt 1+ yo uee
T
c .
(© 5
3. gx—cos""l (x) = f;[% ~sin”! x)
S
=) - 8inY
o {x)
_ 1
1~ x*

AN L
33, Zocot x—dx( tan (x)J (
:OM%m‘l(x)
1
1+ x*

34 fx—csc"‘(x) - 5{35 —sec™! (x)]

del 2
mﬁ—%sec‘l(x)

1
- ixlx}xz ]

35. True, By definition of the Function,
36. False. The domain is all real numbers.

37,5 Lgint| £
dx 2

yzsin"lx it =

siny=x

yztan"“’u u=73x

d du
a1 B et e
du du dx
2. dy
sec y——=1
ydu
dy 1
dx seczy
. 1
1+(tany)
L
T+u?® dx
__ 3
1+9x*

-~ S



