Section 2.5 Implicit Differentiation 163

J(x) = a sinx + a sin 2x + - + a, sin nx
S'(x) = a cos x + 2a, cos 2x + --- + na, cos nx
F(0) = a + 2a, + - + na,

4+ 2a + 0+ nan,=lf'(0)l= lim lim f(x) . sin x = lim f(x) <1

’f(x)—f(O)‘=
x -0

x>0 x>0 sin x x x—0{sin x
R(x) | (xk - I)IMP,,'(x) - P(x)(n + l)(x" - l)"lcx"'l _ (x"' - I)R,'(x) = (n+ Dk* 7', (x)
“dx (x" _ ])"+l (x" - 1)2'”2 B (x"‘ - 1)”+2

n+l g" 1
B = ()

_ (xk _ I)n-rzi d" 1
dx| de"{ x* — 1

Bn(l) = =(n + DB()

] —fock R(x)

d , B . o
_For n = I’E |- (Xk - 1)2 = (xk - 1)2 = A(1) = —k. Also, A1) = 1.

(x" - l)P,,'(x) = (n + Dix*~'A, ()

You now use mathematical induction to verify that £,(1) = (—k)"nlfor n > 0. Assume true for n. Then

Pon(l) = ~(n + Dk B(1) = ~(n + Dh(~k)"nl = (=k)""'(n + ).

P2 +yr =9 5. P oxy st =T
2x + 2y = 3 -~y 42 =0
Yo }f} 2y -xp =y- 3xi
~ .
¥ -y =25 =/
2=y =0 6. X2y + yix = 22
y'=ﬁ Xy + 2y + 2 + 2y = 0
g (xz + 2xy)y’ = —(y2 + 2xy)‘
w16 oy + 2x)
x4 %y"/zy’ =0 x(x + 2y)
y'=—f;z 7. X3y3—)4—x=0
Y 3yl 4 3%y -y - 1=0
= 2 (Z’axz‘y2 - l)y’ =1 - 3x4°
’ J = I - 3x%y?
2x% 4 3" = 64 3%y -1
6x2 + 9y%y' = 0
9%y = —6x*
. —6x? 2
YT Ty

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




164 Chapter 2 Differentiation

8. Vo= 2y 41 1. sinx + 2cos2y = 1
1 “W2e s 2. cos x — 4(sin 2y =0
- = 21y +
) (0 +y) = 239 + 2%y .
— =4 2y - 4sin 2y
Yy + = 2xy + x%y
NEERENE
: 2
x 2| y 12. (sin zx + cos zy)* = 2
NS TR R 2/ xy 2(sin zx + cos ﬂy)[ﬁ cos 7x — z(sin ﬂy)y'] =9
2xy — 2 7 Cos x ~ 7 (sin zy)y’ = 0
' = kol ’ ’ , _ COS x
y - X y :_T\
- x’ sin 7y
Ny
N . 13. sinx = x(1 + tan y)
7T X = 2\ [xy ' Ccos x = x(seczy)y' + (1 + tan p)(1)
3 2 2 r_COSx—-tany -1
9. X =3x"y +2x% =12 y_——js_ecT_
3% =357y — 6xy + Ay + 2,2 = 0
(4xy = 332)y' = 63 - 322 — 22 14 coty=x-y
. Gy=3x _ 2y (esc®p)y =1~y
a 2 1 1
4xy — 3x ' - - —tan?
. csc’y  —cotly sy
10. 4cosxsiny =1 .
4[-sin x sin y + cos x cos y y]=0 15. y = sinxp
cos xcos y ' = sin xsin y Y=o+ ¥l cos(xy)
, _ sinxsiny Y = xcos(xp)y =y cos(xy)
y= COS X COS y J - y cos(xy)
= tan x tan y 1-x cos(xy)

16. x.= secl

s )l | -

17. (@) x* + 32 = 64 (b) y
¥ =64 - x?

Yy = 264 — x?

(c) Explicitly:

dy ! 2)"V2 Fx —x x
— = +—(64 - x ~2x) = = = -
a =3l ) e Vet-xt  tea-2  y

(d) Implicitly: 2x + 2y =0

’ X
yo===
y
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Section 2.5 Implicit Differentiation 165

25x2 +36y* = 300 19. (a) 16y* - x* = 16

36y* = 300 - 25x* = 25(12 - x?) 16y? = x* + 16
2 2
25 . X x° + 16
221052 = 41=2"2
y 36(12 ) T 16
2
y=t2J12- y = BV 416

®)

(c) Explicitly:

Y (~2x) & i%(xz +16) " (~2x)
dx 4
- +x _ fx X
4Jxr 116 Ax4y) 16y
(d) Implicitly: 16y* — x> =16
(d) Implicitly: 50x + 72y - ' = 0 2y -2x=0
- ,_=50x _ 25x 32y = 2x
T yo=2E X
32y 16y
(a) P+ —4x+6y+9=0
(2 —dx+4)+ (P +6y+9)=-9+449
(x—2)2+ y+3)2 =4
(r+3) =4-(x-2
y+3 =44 (x-2)
y=-3% 4—(Ju:—2)2 -
(d) Implicitly:
dy 1 5712 2x+ 2y -44+6y =0
P iEl} -(-2) ] [—Z(x - 2)] 2y + 6y =-2x+4
=3 x—-2 Y2y + 6) = -2(x - 2)
4 (x -2 Lo =20zx-2)  x-2
=_x—2 Y 2(y+3) y+3
y+3
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166 Chapter 2 Differentiation

21. xy =6
"+ y(l) =0
0" = —y
y=-Z
X
, 1
At (—6,—1): y = 5
22. ¥ -x2=4
3% - 2x = 0
yo= 2
%
22) 1
At (2,2) ' = 24 = 2
(2.2 3(22) 3
2 _ 49
23, =2
Y x% + 49
. (x2 + 49)(2x) ~ (x2 - 49)(2x)
2y = 3
(x* + 49)
196x
2y = T2
( + 9)"
, 98x

y(x2 + 49)2

At (7,0): »' is undefined,

25 a (x+ ) = x> 4y
x3+3xzy+3xy2+y3=)c3+y3
3x%y + 35?7 = 0
x2y+xy2=0

XY+ 2xp + 2y + ¥ =0
(x2 + 2xy)y’ = -—(_v2 + ny)

P Xy +2x)
x(x + 2y)
At (=L,1): = -
257’/25/ By <5
2 s 2 Y3
— + = =0
3x 3y Y
s e
B P

26. ¥+ yt = bxy o1

3x% + 3y

I

6xy" + 6y
(3y2 - 6x)y' = 6y - 3x?

. 6y —3x?
3y? ~ 6x

y

A3 y 182126 2

27-12 15 3

27. tan(x + y) - x

(1 + ¥ secz(x + y) = ]

A secz(x + y)
Vi — 2 7
g sec(x + »)

__—tan’(x + )
tan’(x + p) + 1

]

=sin®(x + y)
x2

X2+ 1

At (0, 0): 3 =0

28. xXcos y =1

x[-y"sin y] + cos y = 0

; Cos y
oo Losy

x sin y

N
+
N

=
+

=

N

Z
I

fen)

fo T2y
3+ 4
) ~ —2x[8/ (x2 + 4)]
x* + 4
-16x
(x2 + 4)2

;32 1
At (2,1) y = ZA,_ = —E

(Or, you could just solve for y: y =




Section 2.3 lmplz'c:'! Differentiation 167
(4 - _x)y2 = x‘3 35. Xy = 1, (1, l)
- xX)2w) + V(1) = 34 W +y=0
y= XAy y==2
2y(4 - x) *
' At (L1): y = -1
At (2,2): 5 =2
Tangentline: y -1 = -1(x - 1)
(x2 + y2)2 = 4x%y y=-x+2
2 2 N\ = 2.0 R
2+ 7N 2x + 20) = 42+ H(8) 3. . 75 - 63wy 132 - 16 = 0, (V3,1
o+ dxtyy + 4t + 4% = 4x%y 4+ 8xy
¥Ry AR Ay = Ay f) 145~ 63/3x" - 65/3y = 263y = 0
Ax*yy + 4y°y - 4xty = 8xp - 4x° - 4xy?
o2 3 2 3 2 = 6\/53) — l4x
4y(xyvry"—xr)=:4(2xy—x —xy) y_26y—6\/§x
, 2xy - x° - wyt
e S’ 63 =143 83 -
2y 4+ 33 - x? At \/5,1 1y = = = _\/5-
Py ( ) Y T % s 6~/3/3 8
At (1,1): ' =0
( ) Tangentline: y — 1 = —\/i(x - \/5)
: X4y -bxy =0 y=-x+4
3x% +3y%y ~ 6y -6y = 0
' V(3" - 6x) = 6y - 32 37. Hyt - 0xt - 4y? =0, (-4, 2/3)
' , 6y -3x 2y-x x22yy + 2xy* —18x — 8y = 0
y=3y2—6x_v2~2x y,__18x—2xy2
S
Al (4 8)‘ ;. 063)-(69) 32 4 2x'y =8y
— =[] £ —_—-—- R — _ _ 1
33 (64/9) - (8/3) 40 5 A (~4,24/3) 5 = 18(-4) - 2(-4)(12)
2(16)(2+/3) - 16v/3
2
(y-3) =4(x-35), (61 au __\/_3
Ay-3)y =4 483 23 6
p_ 2 .
o= y-3 Tangent line: y — 2+/3 = —-\?—(x + 4)
2 | J3
At (6,1): y = —— = —1 M3, .8~
1-3 ye=grrs
Tangent line: y - 1 = ~1(x ~ 6) h
e xa 38. A A N ( )
Zxa/’} s 2yt L
(x+2) + (y =3 =37, (4,4) 3 . /
. - 1/3
2+ 2)+ 2y =3)y' =0 V= yx-|/3 - —{%J
-3 =-x+2) )
, (x+2) At (8,1): Y = ——
y = -
y-3 ,
Tangentline: y -1 = ——(x - 8
At (4,4). y = —% = -6 & Y 2( )
1
Tangent line: y — 4 = —6(x - 4) y=px3
y = —6x + 28
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168 Chapter 2 Differentiation

39. 3(x + ) = 100(x* - 32, (4,2) 2@ 22 L (3,-2)
6(x2 + yZ)(zx +2y") = 100(2x - 2y 16_ _)igl o
At (4,2): 37477
6(16 + 4)(8 + 4y') = 100(8 - 4y) %y' = g
960 + 4803 = 800 — 400y’ ax
880y = ~160 yo= 3

’

y
Tangent line:

Iy + 2x - 30 Tangent line: y +

: 2 2
x yo o 2x
yz(xz " yz) b = 27 a2
2.2 4 2 ‘
¥xt+y f-‘lb_z.(x = Xo), Tangent line at (x,, Vo)
2% + 2097 + 4Py = ‘ od

At (1,1):

2 2
Yo X

2y'+ 2+ 4y =4
6y =2 Becausefg- —~ <5 = 1, youhave 507 -2y

a b a b?
Vo=
Note: From part (a),

-2
E—(J=I:>—l-x+l=1:y=—2x+4,
6 8 2 4

Tangent line.

Tangent line: y — 1

Xt y2
41. (a) — + =~
(@) 7%

43, tan y = x
1

’ 2
r. sec =
xe 2 ey
! =cos?y,-L <y ¥
, sec’y Py <Y 2
y = : .
I+ tan’y = [ 4 x?
At (L2): y = 2

Tangent line: y ~ 2 -2(x - 1)
y==2x+4

2x 2y
1:;7+~b-yzl=0::y 5 _ -
- siny’

2
X .
Y=y = = %(x ~ x,), Tangent line at (%0» y0) sin’y + cos?y = 1
' 0

2en 2 2
SiIn“y =1 - cos
Yoy _ yg —XpX X} Y Y

L R ' siny.= VI —cos?y = /1 - 42
. , B

2 2
X0, Yo Yoy | Xpx =

Because-+——=1, ou have <% 4 202 _ ¢ Y = -l<x<1
a® b2 Y b? a? 152

Note: From part (a),

1—(xl+—2@=1::»iy=—lx+1=>y=—2x+4,
2 8 4 2 i

Tangent line.
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Section 2.5 Implicit Differentiation

4 46. x?y - 4x
0 Xty o+ 2xp ~ 4
= /
y . Y
y(-1) + ' Xy + 2%y + 20 + 2y
2
y 2.1 4 - 2xy
+ax] 2222 )
-y + x(=x/y) *r ¥ x? i
¥ x*y" + 4x(4 - 2xy) + 232y
~-y? - x? x*y" + 16x — 8x*y + 2x%y
y3 x4yl/
_4 "
¥ ‘ Y
47. X -y =36
2x - 23’ = 0
, X
y ==
y
x-=»' =0
]_yyn_(y:)z =0
2
T- - [X] =0
y
V-yy =i
2 2
" y - x
y =
3V
= 2x + y*
=2+ 2y
=2 = y
= 2=y
‘x -2y
= 2" + 2(‘11')2
- 2(}")2 -2y
, , 2-y 2-y
=2(y) -2y =2
(y) 7 X~ 2y x =2y
22 - Y2 - y) - (x - 2)] '
(.x - 2y)3
22-y)2-x+y)
(x - 2y)3
2(4—2x+2y—2y+xy—y2)
(x - 2y)3
Z(y2 - xy + 2x — 4) B 2(_5) N 10
-9 -9 G-b)

169
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170 Chapter 2 Differentiation
49, y' =% 52. y? = x—1
/ 2 X+
2yy' = 3x 2 2 2 |
W oy W Py gy = EH IO =G =00 241222 4 2
YT Ty T Y =) (+1)
"o 2x(3y1)_3y(2) , 14 2x — 52
’ = ~ 4x? yE—0
Zy(x“ + 1)
_ 23 Gyax)]-6y 3y 3x
4x? x? y ! o
50. ¥ = 4x y '_'—T._— 5
2., 4 S, P —

392" + 6y(y')2
yyn + 2(y,)2 =0

it
<o
>
-
N
N
1%
%/
‘<\
—
+
I~
]
S
1§

NG 1

Tangent line: ¥ == ——(x - 2)

y X e t—
9y° 108/5y ~ 10 = x ~ 2
Note: y = (43:)1/3 %--10/5y + 8 = 0
LA
Y = S{4) ” 53, x4y =25
" 8 ~5/3 32 32 2x + 2_}7})' =0
v oSy - 2
9 9(4x) 9y y =2
y
51. Vr+fy=5 5
i ’ 4 At(4,3):
Yo o
2x " 2y y=0 () Tangent line:
y == Y oo Slia y—3=j(x~4)=>4x+3y—25=0
x N 3 A
. 3
At (9,4)y = __i_ Normai fine: y -3 = Z(x -4) = 3x -4y =0
6 -
Tangent line: y-4= —%(x - 9) P

2x+3y—30=0 - }\ AN

At(-3,4):

Tangent line:
y~4=%(x+3)=>3x-4y+25:0

Normal line: y ~ 4 = %4()4 +3) = dx +3y =0

6

\
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2+ y =36
s+ 2y =0
X
rTT

Rl WY

£ 6.
] 6o,
|/

,v At (5, \/ﬁ), slope is _751

y == (s -5)

Ny - 1= <5 + 25
Sx + \/ﬁy

y - N1

5y - 511 = f11x - 53/11
5y - 1lx = 0

Tangent line:

!
w
[

I
o

fl
'
=
!
W
~—

Normal line:

li

P
2x+ 2y =0
yo= Z. slope of tangent line
P slope of normal line
X

Let (xy, yo) be a point on the circle. If x, = 0, then the
tangent line is horizontal, the normal line is vertical and,
hence, passes through the origin. If x, # 0, then the
equation of the normal line is

Yo
Y =X =——~(x—x0)

X0

Yo

y = =x
Xp

which passes through the origin.

56.

57

.

Section 2.5 Implicit Differentiation 171

y? = 4x
2y =4

y L lat(1,2)
Y

Equation of normal line at (1, 2) is

¥ =2 = —1(x - 1), = 3 - x. The centers of the

circles must be on the normal line and at a distance of 4
units from (l, 2). Therefore,

-+ [G-n 2] =16
2Ax 1) = 16
x =122,
Centers of the circles: (1 +24/2,2 - 2\/5) and

(1 - 22,2+ 2V2)

2
Equations: (x -1- 2\/5) + (y -2+ 2\/5)2 =16
(x - ;Tz\/i)2+(y—2—2\/5)2 =16
25x* +16y* + 200x — 160y + 400 = 0
50x + 32y + 200 — 160y’ = 0
., 200 + 50x
160 - 32y

Horizontal tangents occur when x = —4:

25(16) +16y* + 200(~4) — 160y + 400 = 0
Wy-10)=0= y=10,10

Horizontal tangents: (—4, 0), (-4,10)

Vertical tangents occur when y = 5:

25x% + 400 + 200x - 800 -+ 400 = 0
25x(x -+ 8) =0=x=0,-8

Vertical tangents: (0, 5), (-8, 5)

(-8, 5)

=10
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172 Chapter 2 Differentiation

58. 4x2+y2—8x+4y+4=0
8x+ 21 ~8+4y =0

_8—8x_4~4x
2y + 4 y+2

Horizontal tangents occur when x = I

40"+ 3 -8+ 4y + 4 = 0

Vv + 4y
Horizontal tangents: (10),(, =4)

Vertical tangents occur when Yy =-2

45t +(<2) ~ 8x + 4(2) + 4

4x% - 8x

0

1]

Vertical tangents: (o, -2), (2, -2)

Wy +4)= 0= y=0-4

4x(x—2)=0=>x=0,2

59. Find the points of intersection by letting y* = 4x in the equation 2x% + » =6

2x* + 4x = 6 and (x+3)x~1)=0

The curves intersect at (1, £2).

Ellipse: Parabola:
4x + 2y =0 2yy =4
, 2x , 2

y =-— Yy ==

¥ y

At (1, 2), the slopes are:

Tangents are perpendicular.

60. Find the points of intersection by letting 3? = x3in th
2x* +3x3 = 5 and 33 +2x2 -5 =9
Intersect when x = 1.

Points of intersection: (1, 21)

y=x% 2x% + 3y =5
2y = 3x? 4x + 6y =0
. 3x? p o 2x
2y YTy

At (1, 1), the slopes are:

I___3_ I_Z
Y 5 ¥y 3

Tangents are perpendicular.
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—x and x = siny

x = sin y:
1 =y'cosy
Y =secy

0, 0), the slopes are:

Rewriting each equation and differentiating;
3y -1) x(3y - 29) =3

]

3
=X 41 y=l(-3—+29)
x
po b
Y=

For each value of x, the derivatives are negative
reciprocals of each other. So, the tangent lines are
orthogonal at both points of intersection. -

xy =C -y =K
»+y=0 2x-2yy' =0
’ , X

x y

o

v o TR
\‘; (™ l‘ /./“‘\-.
4 .3 ! Loy
beoal
T N

At any point of intersection (xx, y) the product of the
slopes is (—y/x)(x/y) = ~1. The curves are orthogonal.

Section 2.5 Implicit Differentiation 173

64. x4+ y* =2 y = Kx
2x+2p' =0 y=K

, x

y =-—=

y

At the point of intersection (x, y), the product of the
slopes is (-x/y)(K) = (-x/Kx)(K) = —1.The curves
are orthogonal.

Fl 7

e '“\';é: =1
e ‘!ll

‘\‘ r

i " }] 2 8
\ .
/.“____//C =

-2

65. Answers will vary. Sample answer: In the explicit form
of a function, the variable is explicitly written as a
function of x. In an implicit equation, the function is only
implied by an equation. An example of an implicit

functionis x* + xy = 5.In explicit form it would be
y = (5 - x2)/x.

Answers will vary. Sample answer: Given an implicit
equation, first differentiate both sides with respect to x,
Collect all terms involving 3’ on the left, and all other
terms to the right. Factor out ' on the left side. Finally,

divide both sides by the left-hand factor that does not v
contain y'". '

66

Use starting point B.

68. (a) The slope is greaterat x = ~3.

(b) The graph has vertical tangent lines at about
(-2,3)and (2, 3).

(c) The graph has a horizontal tangent.line at about

(0, 6).
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174 Chapter 2 Differentiation

69. (a) x* = 4(43’2 - }’2) . 10
4y? = 16x* - x* .
1 10 (-\’\ ': 10
¥ = 4x? - —x* N,
-10
y o= &, [4x? ~ —x*
¥ \ 2

(b) y=3:>9=4x2-%x4

36 =16x% — x*
x* 1632 +36 =0

2= 16 +/256 —- 144 ~8+/38

2

2
Note that x* = 8 + /28 = 8 + 2T = (l + \/7) .So, there are four values of x:

=T =T, 1471+ T

5 x(8 - x2)
To find the slope, 2)y" = 8x ~ x> = ' = A~/

2(3)

For x = —1-+/7, = %(\/'7' + 7), and the line is

» =§(\/7+7)(x+1+\/7)+3=§[(\/7+7)x+8\/7+23]-
Forx=1-+/7,) = %(\/7 ~ 7),and the line is

Vo= %(\/7 - TYx =14 N/T) 4 3= %[(\/7 “Th+ 23-847]
For x = -1 +/7,) = —-31-(\/7 ~ 7), and the line is

g = .~1(\/7 - x+1-V7) 43 = —%[(\/7 =T - (23 - 8\/7)}

3

For x = 1 + /7, y = —%(\/7 + 7), and the line is

i = -%(\/7 FT)x-1-7)+3 = -%[(\/7 + T - (sﬁ + 23)]

(¢) Equating y; and y,:

~§(\/7~7)(x+1-\/7)+3=—§(\/7+7)(x~1—\/7)+3
(V7= x 1~ V1) = (V7 £ 7)(x -1 7)
ﬁx+ﬁ—7—7x—7+7ﬁ=ﬁx-ﬁ--7+7x~7—7ﬁ

16/7 = 14x
87
X = —7

If x = 8\7/7, then y = 5and the lines intersect at(

8J7 5}
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|

= \/y—(A - xp)

'.an'gent line at (xo, Yo): ¥ — Yo = — =
0

_intercept: (xo + /% }’0,0)

ntercept: (O, Yo + \/x—o \/—;o— )

um of intercepts:

y = xP1; p, g integersand ¢ > 0

yf/ - xl’
gy = pxbT
g X P Yy
Toog ¥y oqg Y
= _P_ . _xl_)—.l_xf’/‘l = Bxp/q—l
g x* q

X", n = pfq,then y’ = nx'

li

So, if y

PR
—+—= =1 (4,0
PERS (4.0)

_.'3{_+.2L.;=0
4 9

L

y 4y
ox_y-0
4y x -4
-9x(x — 4) = 4)*

Points on ellipse: (l, + %\/5

3 ), 9x -9 3
A (l’ Eﬁ)'y S Ay qeRpNE] 2

2

At [1, -%\/Ej: y = N3

Tangent lines: y

—\/z \/Ex+2\/§
2

(x-4)=-—

l/z_i(x-4)={3x—z\/§

~
I

Section 2.5 Implicit Differentiation

.X()+\/;;\/—J;)+(J'0+\/;;\/%)=x0+2\/;; y0+y0=(\/x_0+\/;’;)2=(\/;)2=c

2x + 2y =0
I S R
Y y 4 o 3"
x o+ (I—G-xz] = 100
9
22 w100
9
x = X6

Points: (6, -8) and (-6, 8)

But, 9x? + 43 = 36 = 4y? = 36 — 9x%. S0, <9x% + 36x = 4y? = 36 - 9x = x = I.

175

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.




176 Chapter 2 Differentiation

M ox= 7 7@ 2o
2x 2y —
Y= -L, slope of tangent line 32 + ' 0=y = Z;
2y
Consider the slope of the normal line joining (%, 0) and At (4,2) y = Z—(-—;)‘ = _.;_
(x,») = (yz, y) on the parabola,
Slope of normal line is 2.
—2y=%9— y—2=2(x—4)
Yo =X
" y=2x-6
e ) (b) .
!
1 T
y2=xo“2' _ﬁ}/f f\xﬁ
‘\.‘ L.
(@) If xp = L then y? = % -1= -1, which is ““"iﬁf'”
impossible. So, the only normal line is the x-axis
y = 0). 2 (2x - 6)
( ) (C) . 3‘x_2_ + ( x 8 ) = 1
() If x, = %, then »* = 0 = y = 0. Same as part (a). '
o 2+ 4(4x* - 24x + 36) = 32
(©) If xp = 1, then 3? = % = x and there are three 175 — 965 + 112 = 0
normal lines. : 28
(17x - 28)(x —4) =0 = x = 4, =
. o 11 17
_ The x-axis, the line joining (%0, 0) and > T ,
2 (28 46
1 1 Second point: ﬁ’ _T’;
and the line joining (x,, 0) and | —, ——
foining (s, 0) a1, -1~
If two normals are perpendicular, then their slopes are —1
and 1. So,
__2};_—._]:')2);():});:1
Yo = x 2
and
1/2 1 1 3
hz—lz——x(,:m—::»xo:—.
(V4) - x, 4 2 4
The perpendicular normal lines are Yy =X+ %and .
oy 3
y -
Section 2.6 Related Rates
. y=+/x
& _ (1 )&
dt \2x/x) dt
dx dy
S N4
dt dt
(@) When x = 4 and dx/dr = 3: (b) When x = 25and dy/dt = 2:
&y 1 3 dx L
‘ 2o __(3)=2 = = 2/25(2) = 20
dt 24 G) 4 dt @)
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