Implicit Differentiation

p. 248: 9-11, 19-35 odd, 36-37, 55-61 odd, 63-70, 79-80

9. Y +x=522w+1=0>y'= L = the slope of the tangent line where y =2 is=—L= —l,
- ' 2y ‘ 22) 4
which is option (C).
10. F¥+y' =a"=22x+2' =0y = —;’—xz—i,which is option (B).
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19. d—(2.r +Xy -y ]=d—(2] D dx+x0'+v()-2w'=0=>x -2y =-dx—y=
X X
—Ax—y

(x=2y)y' =—dx-y=>y'=
x—2y

21. di(x-‘ —at 4+ =%{1) =3 —x 20 -y (D+3y° Y =023y 2o =y -3 =
X

y -3y -3
3y’ =25y y(3y-2%)

Gy’ -2)y' =y’ -3 = y'=

23. i(xe")=£{x—_v) —xe’y - -l=l-e" = xe'y'+y =l-e = y(xe" +])=1-¢" =
dx dx
, 1-¢€

y=

xe’ +1
d d . " ¥ r r_= r .
25. d—(cos xv) :d_(l +8iny) = (—sinxy)(xy' + ¥)=cosy-y = —xy sin(xy)—cosy-y = ysin(xy)
X X

ysin(xy) __ ysin(xy)
—xsin(xy)—cosy xsin(xy)+cosy

= y[-xsin(xy)—cos y] = ysin(xy) = 3 =

27. i(‘?y sinx) = iII{:f+x_‘1»-‘) = e cosx+sinxe’y' =l+x'+y- 1=
dx dx

l+y—e'cosx

e'sinx-y' —xy' =l+y—e’cosx =@ y(e'sinx—x)=1+y—-e'cosx = y' =——
e’'sinx—x

29, di(x}-') = %Jf +3" Do+ v()=Lx7 +3) " 2+ 20
X
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31 i{xsiny+_vsinx) :di(l} = xcosy-y'+siny-l+ycosx+sinx-y'=0=
x

xcosy-y +sinx-y =—siny—ycosx = »'(xcos y+sinx)=—sin y— ycosx =
, _ —Siny—ycosx

XCOS y+sinx

33. tan(x—y}=1 Y = (+a)tan(x—y)=y = (1+x7)sec’ (x—y)-(1— ) +tan(x—y)- 2x =y =
+x

B
L

(1+x7)sec’(x—y)— (1 +x7)sec’ (x — y)y' + 2xtan(x —y) = ' =
(1+x7)sec’(x—y)+2xtan(x —y) =1+ (1+x7)sec’(x— )] V' =
. (1+x7)sec’(x—y)+2xtan(x— y)
- 1+ (1+x%)sec’ (x— )

35. 2xe" + 2y’ =4 = 2x-e" +2-e" +(2y-€ -y 4+ -2-y)=0=
_ —(xe" +¢€")

ve'y'+e'y' =—(xe" +e) D(ye’ +e7)y'=~(xe" +e') > ¥ = ———
ve' +e

36. %{ f(x)+x2[f{r}]”}=%(lﬂ}:> F(x)+x" 3] - £ (x)+[ ()] - 2x=0. Ifx =1, we have

S O+E3FOT - SO+ -2 =0 = F()+17-3-2- f()+2"-2=0 =
16

FD+127 1) =-16 = 137 ()=-16 = f'()=——.

37. %[g(xh xsin g(x)] =%(x2 ) = g'(x)+xcos g(x)-g'(x)+sing(x)-1=2x. Ifx =0, we have

g'(M+0+sing(0)=2(0) = g'(0)+sin0=0= g0)+0=0= g'(0)=0.
55. ysin2x=xcos2y = y-cos2x-2+sin2x- y' =x(-2sin2y-2y")+cos(2y)-1 =
sin2x-y +2xsin2y-y'=—-2ycos2x+cos2y = »'(sin2x+2xsin2y)=—-2ycos2x +cos2y =
_ [ ) (—
V' = 23.y00521+-:l:032y. Whenx =Zand y=%,we have y' = 7/ 2)(=)+0 = 72 =l, SO an
sin2x+2xsin2y . ' ' O+m-1 T 2

equation of the tangent lineisy=1(x—%)+% ory=1x.

57. x  —xp—y' =l=22x—(0'+y-1)-21'=0=2x—x - y-21'=0=2x—y=x"+2p =

2x—y=(x+2y)y' == Zx—_v. When x =2 and y =1, we have ' _4-1 =§, so an equation of
x+2y 2+2 4

the tangent lineisy =3(x—-2)+1 ory=3x—1.

59, X +y"=(2x"+2y" —x)" = 2x+ 2" =2(2x" + 23" —x)(4x+4y'—1). Whenx=0and y =L we
have0+)"=2(1)(2y"—1) = y'=2)"—1 => »"=1,50 an equation of the tangent line is

yv=lx-0)+3ory=x+1.



61. 2(x*+ yz]E =25(x* = %) = 4(x7 +7)2x+239) = 25Q2x - 21") =
Hx+ )" +v)=25(x— ) = ' (X + ¥ )+ 250 =25x —dx(x" + v ) =

T5-120 _ _ 45 _
2440 65

V' = 25x —4x(x” +y} Whenx=3and y =
25y +4y(x’ +3°)
tangent line isy =—%(x—3)+lory=—Sx+-3.

63. tan(xy) =x = sec”(x)["+ p()] =1 = xsec’(x))’ =1-ysec’(xy) =
_loysed) 5 _{Cﬂﬂzixy}} _cos’(p) -y

=1,we have y'= ——=,s0 an equation of the

., Which is option (A).

xSE{:E{x}*} Ex[? CDSE{xy} X
64. x* —3xy+)" =-20 = 2x-3x'-3y+2)'=0= y'(3x+2y)=3y-2x =
. 3y-2x 3(4)-2(6)

. At the point(6,4), y'=
3x+2y 3(6)+2(4)

equation of the tangent line is (A) y=4.

y' = =0 so the tangent line is horizontal and the

65. x 12"y +)" =—15 = 2x—12x"y' ~36x"y + 33/ =0 = 2x—36x"y=(12x" -3y} y' =

2x-36x"y
12x° =3y
vertical. Thus the equation of the tangent line is (A), x=1.

66. Ix+x+1y =9=3+ (0 +)+2'=0=0'+21'="S-ry=

=" At the point(1,2), the slope of the tangent line is undefined, and the tangent line is

(x+2y)'="3-y= = —3—_1#. Wheny=2, 3x+x3+3"=9=3x+x(2)+2°=90=

x+2y
5x=0-4 = x=1. And when y = 2, the slope of the tangent line is y'= S3-2 5| Then
1422) 5
the slope of the normal line is _(Ll] =1, option (C).
67. X' +xp+y'=T= 2x+(0'+y)+2'=0= 0" +2p'=-2x-y =
(x+2y)y =2x-y == “2XV The slope at the point(2,1) is —2D=1_ 3 11 this must
x+2y 2+2(1) 4
equal y'. So S —2x;y = 5x+10y =8x+4y = 6y =3x = 2y =x. Substituting this for x in
x42yp

¥ +xy+y =T wehave 4y’ +2y° +3y' =7 =7y =7 = y==1. Then x=2y=2(-1)=-2, so
the point on the curve with the same slope is(-2.-1).

L dy ' COSX COSX .
68. e'=sinx> €1E=cosx=:> ﬂ= =——=tanux, option (B).

i

e SINnx

69. ,/25 V¥ =(25-1)"2 = =—(25 '*-.:—zy)("j"] Ji,{zﬁ V=

2

= -3, which is choice (B).
1'



70. tan_](z]=tan_](2fl)=£:¢ ;[— : ]dx : N =—l:rz(l+i]=—%xz—2.

79.

80.
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2 1+(2x7Y)
When x =2, & _ —1(2)3 —2=-2-2=-4, option (B).
dN 2
Ifx=0inxy+e’ =e,then we get0+ e’ =e,s0 y =1and the point where x =0 is(0,1).
Differentiating implicitly with respect to x gives us xy'+ y-1+ ¢’ y' = 0. Substituting 0 for x and 1 for
ygivesusO+l+ey'=0 = e'=—1= y' =—1/e. Differentiating xy'+ y-1+ &' v' = 0 implicitly with
respect to x gives us xp" + -1+ y'+e" y"+ y'-e"y" = 0. Now substitute 0 for x, 1 for yand—-1/¢ for
V. {]+[—l]+(—l]+e_1"’+(—l](e}[—l]= 0 :}—E +e_v"+l= 0=ea" =l =" =l
e e e e e e e e

[fx=linx"+xy+) =Lthenweget [+ y+y'=1= y' +y=0 = 4
¥(»*+1)=0 = y=0, so the point where x =1is(1,0). Differentiating

x* +xy+y° =1, implicitly with respect to x gives us 2x+x'+ y-1+ 33y =0.
Substituting 1 for x and 0 fory givesus2+3y'+0+0=0= ' =-2.
Differentiating 2x + xp' + y-1+3y”y" = O implicitly with respect to x gives us
2+ "+ -1+ +3(3*y" +3"-237) = 0. Now substitute 1 for x, and 0 for y,
and -2 fory'toget 2+ v"+(-2)+(-2)+3(0+0)=0= »"=2.




