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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]



2. 4x*+9y* =36
9y? =36 —4x*
2
2 - 36—94x =g(9_x2)
y=i§\/9-—x2
Y =§\/9—x2, Yy =—§\/9——x2

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

3. x-4y?=0
(x+2yXx-2y)=0
X
=i—
Y=
XX
NTp N2 =Ty

\\/
/\

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

4. x*+y*=9

yP =9y
y=i\/9—x2

D

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

5. x2+y*=2x+3

V2 =03 y2
P4

Section 3.7

6. x>y —2xy=4x—y

X%y =4x—y+2xy
y,_4x—y+2xy

x2

7. ¥'sinx—xcosx=xy +y
Ysinx—xy’ =y+xcosx
(sinx—x)y = y+xcosx

,  y+xcosx
T osinx—x

8. x(y*~y)=y(x*~y)

Xyt =y (x>~ y+x)
2

Xy
="
X“—y+x
9. x/;(x——éf;)=x”2(x—x“3)
= V2, 12,13
= Y2 _ 506

3
x+3x®  x+x?
[x3 x3/2

X x2/3

=—+—=
2R
-5/6

10.

=x"4x
Section 3.7 Exercises .
1. x2y+xy2=6
d ,. d, o, d
— +— =—(6
dx(xy) dx(xy) dx()
2 dy dy 5
o y(2x) + x(2y) =+ y (1) =0
Rl ¥(2x) x(y)dx y

2dy dy 2
—+2xy—=—(2xy+
A (2xy+y%)

d
(2xy+x2)Ey=—<2xy+y2>

dy _ 2xy+y’

dx  2xy+x?

2. 247> =18xy

129

y=4y2x+3—x?
Y =N2x+3-x%, y, =—2x+3-x%

A
N

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

d 3 d 5 d
— @) +—()=—(8
dx(x) dx(y) dx( xy)
dy dy
3x% +3y* L =18x = +18y(1
XY X y»
3y2ﬂ—18xﬂ=18y—3x2
dx dx
dy 2
3y® —18x)~% =18y—3
(y x)dx y—3x
Q_18y—3x2
dx 3y’ —18x
dy _6y-x’
dx  y*—6x
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-1
3.y =i
Y x+1

42 _d x-1

o T dx xil

dy (x+D)D)-(x-1XD
Ly =

dx (x+1)

dy 2
Y= 2

dx  (x+1)

Q_ 1

dr  y(x+1)?

x—y

4, %=
x+y

d d x—
Shy=22
dx dx x+y

2x=

(x+y)

[x—x%+y—y%]—[x+x
2x=

dy
dx

-y-y

Y
dx

|

(x+y)?

2y—2xﬂ
2x=—-—‘21x
(x+y)
x(x+y)? =y—xﬂ
dx

dy 2
CA +
X =Y x(x+y)

dy_y—x(x+y)? _y

2
Z—(x+
dx X X x+)
Alternate solution:
2= -y
x+y

Pty =x-—y
x3+x2y=x——y

d, 3 d, , d d
. + = —
2 TN =0 -—0)
3)«62+x2ﬂ+y(2x)=1-—£}i
dx dx
2, 1D

7. x+tan xy=0

d d d
E(X)'l"a(:nx)’)—a(o)

2 J— =
1+sec (x}’)dx(x)’) 0
1 6o )l 2+ (3) (D=0
(sec? xy) (x)% =—1-(sec® xyX)
ﬂ___—l—yscczxy

dx xsec? xy

y_ 1 4 y
—=-—cos" xy—=
dx x 4 x

8. x+siny=xy

d,  d. . _d
a(x)+a(smy)—dx(xy)

dy Ay
1+(cosy)dx—xdx+()’)(1)

dy
A
(cosy—x) y

dy —l+y _
dx cosy—x

-y
X—COosYy

d, o, 5, d
9., —(x“+y)=—(3
dx(x ) dx( )

tx ﬂ)E_i—y—zLy 2x+2y—2=0
dy _1-3x*-2x d__x 2.2
dx ¥ +1 dx y 3 3



d o, o d
10. —(x*+yH)=—0
l(x ¥9) l()

LIPS TP N 5
11. dx((x D +(y-D%) dx(13)

dy

2x=Dl+Q2(y-DD) =L =

(x=D1+(2(y ))dx
dy _x-1 3-1_ 2

12. %((x+2)2 +(y+3)%)=—(25)

N

2x+ 21+ 2y + 3)l)ﬂ =0

dy _ x+2 1+2 3
- ~7+3 4

dx y+3°
d d
13. Ly-nh)=2x
dx(xy xy°) dx()
x2%+y-2x—(x-2y%+y2)=0
-2 2 1 22y-y7 =0
dx
dy
2_2 =y _ 2_2
(x xy)dx Yy —2xy

dy _y' -2xy
dx  x*=2xy

defined at every point except where x =0 or y= %

d d
14. a(x) = E(COS y)

. dy
l=~siny—
Vix
d__ 1
dx siny’

is defined everywhere except where siny=0:

Section 3.7

16. %(x2+4xy+4y2—3x)=%(6)

dy

2x+4y-3+@x+8y)—=
xX+4y—3-+(4x y)dx
dy 3-2x-4y

dx 4x+8y

defined everywhere except where y = -——;—x

17. x2+xy—-y2=1
d
—(x )+—(xy)——(y )—-d—x()
d dy
2x+x—+(y)(1) Zy?d;—O

dy
B, B9 R AP, SV
(x=2y) =—2x—y

dy -2x—y 2x+y
dx x—2y - 2y—=x
22)+3 7
23)-2 4

Slope at (2, 3):

(a) Tangent: y=z(x—-2)+3 ory=%x—%

(b) Normal: y———(x 2)+3ory——%x+%
18. xt+y*=25
d_ o d, o, d
— +— =—{(25
dx(x) dx(y) dx()
2x+2yﬂ=0
dx
dy x
dx y
3 3
Sl t(3,-4):—-——==
ope at ( ): i
(a) Tangent: y——(x 3)+(—4) or y—%x—?

(b) Normal: y = —-g(x—3)+(—4) or y=—§-x

131

y=tkn 19. x2y*=9
x=cos(krm) d d
2.2
= —_ —_— = 9
x=1 or -1 dx(x ¥9) dx( )
d 2 dy > B
34y = 2y)—+ 2x)=0
15 dx(x +y)—a(xy) (x )(_y)dx 67 X:y)
2 2 o9 2
3Jc2+3y2 y—y+x;£ * ydx Y
> & dy__2w'_y
3% —y=(x-3y )E de  2x%y x
2
P _3x —y’ Slope at (-1, 3): —i=3
dx x—3y2 -1
x (a) Tangent: y=3(x+1)+3 or y=3x+6
defined everywhere except where y? = 3

(b) Normal: y=—%(x+1)+3 ory:—%x+§
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20. y2—2x—4y—1=0

4Ly Lupy-La=4
=09 dx(zx) “@)=—W=—-(0)

dx
dy
2y—4)—=2
(2y )dx
dy 1
dx  y-2
1
Slope at (-2, 1):——=-1
peat (=2, 1):—

(a) Tangent: y=—(x+2)+1lory=-x-1
(b) Normal: y=1(x+2)+1ory=x+3

21. 6x% +3xy+2y* +17y-6=0

—(6x )+— (3Xy)+—(2y )+—(17y)———(6)——(0)

dy

dy d
12x+3 —+ 3y)(Hh+4 —+17——O 0
x4 €3)10); Y

dy

3w D sy P 7Y - oy
o

dy
3x+4y+17)—=-12x-3
(Bx+4y )z x—3y

dy —12x-3y

Slope at (-1, 0); —2CD=30) _12_6
A-D+40)+17 14 T

(a) Tangent: y=g(x+l)+0 or y=gx+g

(b) Normal: y= —%(x+1)+0 0ry=—%x—%

22. =By +2y% =5

i(xz)—\/?i(xy)wi(yz):i@)

dx  3x+4y+17

23. 2xy+msiny =27
Zé(xy)wz%(siny):%(M)
dy dy

2x—=+2y()+mwcosy—=0

X y(D Y

dy
2x+mweosy)—=-2
(2x y)dx y

bW
dx 2x+mcosy
Slope at I,E :—i/?')—=—E
2 2(1)+ mwcos(z/2) 2

(a) Tangent: y=—£(x—l)+£ or y=—§x+n’

2
(b) Normal: y——(x 1)+— ory-zx——+E
2 T 7w 2
24. xsm2y—yc032x

%(xsin 2y)= %(y c0s2x)

(x)(cos 2y)(2)% + (sin2y)(1)
— (V)i dy
= (y)(—sin2x) (2)+(cos 2x)(de

dy dy . .
2xc082y)——(cos2x)—=-2ysin2x—sin2
(2xco y)dx ( x)dx y sin2x y

Q_ 2y sin2x+sin2y

2x cos2y—cos2x

soea(r5) 250 ( Josote
( J (%)cos(n) COS(Z]

(m®-+0

e =2
3 -n-0

(a) Tangent: y= Z(x - g—)+% ory=2x

25— \/—(x)—_\/_(y)(l)+4ydx 0 (b)Normal:)’:—l(x‘z]'*'E ory:-lx+5_”
207 4) 2 2 8
(—x 3+4y)E=y\/§—2x 25 y=2sin(zx=y)
dy_ y3-2x dy_d
dx  —x3+4y Zx-=52sin(nx—y)
. 2\/3_2\/5 ~ ﬂ=2¢os7«:x— (ﬂ'—QJ
Slope at (+/3,2): m = dx Y *

(a) Tangent: y=2
(b) Normal: x = \/3

[1+2cos(mrx — y)]% =2mcos(mx—y)
dy  2mcos(mx—y)
dx 1+ 2cos(mx—y)
2recosw  2n(-1)
1+2cosm  1+2(-1)
(a) Tangent: y=2x(x—-1)+0 or y=27mx 27
1

(b) Normal: y————(x 1)+00ry———+——
2 2r&;

Slope at (1, 0):




26. x*cos® y—siny=0

d 2 2y 4 d
dx(x cos” y) dx(smy) dx(O)

(x*)(2cos y)(—sin y) [%] +(cos? y)(2x) - (cos y) % =0

d
—(2x2 cos ysiny+cos y)ay = —2xcos? y

dy _ 2xcos’ y _ 2xcosy

dx  cosy+2x*cosysiny 1+2x%siny

Slopeat(O,fc):2(0)+;)s,7r=
1+2(0) sinz

(a) Tangent: y=7x
(b) Normal: x =0

27. 2+yt=1
d o d, o, d
~H+—0H=—a
dx(X) dx(y) dx()

2x+2yy' =0
2yy’ =-2x
, X
y=-=

pn_df x
Yy x y

__ -0

y
x*+y?
- y3
Since our original equation was X%+ y2 =1, we may
1
substitute 1 for x> + y?, giving y” = -
28 PLC

d o, d o3 _d

—( +— =—(1

dx( ) I ™) I M

2 s, 2

. ” 1
gives y” = ——.
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2 ]
i

__[ y )‘2’3 » = (XD
2

1
3
1
T o3lx x

173
—(x)[lj —y
_ L \x) 7

3 x4/3y2/3

B 1 x2/3yl/3+y

3 x4/3y2/3
x2/3 2/3

- ty
354313
: ‘o : 23, 203 _
Since our original equation was x“~ +y“~ =1, we may

3

. - 1
substitute 1 for x** + y*3, giving y” = —h 5
3x™y

y2 =x*+2x

4y, 4
E()’ )—dx(x )+dx(2x)

2yy' =2x+2
, 2x+2 _ x+1
2y y

b d[x+]
Y dx _y'

_OO-G+Dy
2
y

y—(x+1)(x—+1]

_ y
y2

_ Y-

y3

Since our original equation was y2 = x2 + 2x, we may write

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

y3

Ly +_v—ll3y/=0
3

3
. x_1/3 ~ _(Z)I/B
Y=
y X

2 . Y 1
Y F2y=2x+1

d, 5 d

—(y +2y)=—02x+1
l O +2y) , 2x+1)
Qy+2)y' =2

yz;':‘l‘
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30. Continued
pod 1
R R
=—(+1)7y
1
=+
(y+1) v+ 1
N S
o+’
3. D4 o _9 omn1_9 s
dx dx 4 4
3. D _d s 3 w13 s
dx dx 5 5
3Ly Lama_1
dx dx dx 3 3

34 D in\;/; 4 a1 w1 s
dx dx dx 4 4

35 D —4—(2x +572 = —l(2x +5)CUD-1 i(2)6 +5)
dx dx 2 dx

= —%(Zx +52()=—(2x+5)?

36, 2 = i(l —6x)23
dx  dx

2 d
=Z(1-6x)*P1—(1-6
5 1-6x)  (1=6%)

- %(1 —6x)"3(-6)

=—4(1-6x)""3
37. Zx—y= %(x\/xz +1)

= xi\)x2+1 +x? +li(x)
dx dx
PN P N
=x—"+D)"7+(x"+1
xdx(x Y+ 4D

=Xxe %(x2 +D)™M Q0+ (x> + )"

=x2(x2+1)—1/2+(x2+1)1/2

39.

40.

41.

42

%=i(1—x1/2)"2
_ %(1_x1/2)—1/2 i(l_xl/z)
_1 (1- 512y 12 1
2 2

1 (1= xV2) V212

dy_d 3272 41)13
dx dx

= 257V ) % @x 2 41)

= 2 V2 4y
= 2y 1y 43

ay = 2 3(csc x)y2

dx dx

= 2(cscx)1/2

2
= g(cscx)”2 (—cscxcotx)

2
9
——2(cscx)

%(csc Xx)

32 cotx

dy

s % [sinCx + 54

5. v d
—4[sm(x+5)] dxsm(x+5)

= %[sin(x +57Y cos(x +5)

43. (a) If f(x) = %xm —3, then

P =5 and f(x) = _%x-m
which contradicts the given equation f”(x) = x>,

b I f(x)= %x” ~7, then

f/(x) =‘% %3 and fr(x)= 173, which matches the

. . . %2 +1
Note: This answer is equivalent to .
Vx2+1

2,2 d d .2 1n
PEN I
38,Q— d x _(x ) dxx xdx(x )

dx—a\/x2+1_ x*+1

D —xe %(x2 +D722x)

*2+1

_ w2 +1-x2
R S
_ 1

- (x2+1)3/2

= (2412

given equation.

(c) Differentiating both sides of the given equation

Frx)=x"13 gives f”(x) = ——;—x_‘” 3. so it must be true
that £ (x) = —%x“"?

@If f'(x)= %x” 3+6, then f"(x)= %73, which matches

the given equation.

Conclusion: (b), (c), and (d) could be true.



j 44. (a) If g'(r) = 44/ — 4, then

PN PP e VR | :
g (t)_a(4t —-4)=t = which matches

the given equation.
(b) Differentiating both sides of the given equation

g'®= % =14 gives g”(t) = ~—?1t_7/ 4, which is not
t 4

. . 4
consistent with g”(¢) = _?.

©Ifg® =t—7+%t5/4, then

g =1+4:" and g"(r)=r¥* = —z» Which matches
t

the given equation.
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)

[-1.8, 1.8] by [-1.2, 1.2]
Parameter interval: —1<¢<1
46. (a) Y 2-x)=x
dr » _d 3
—[Fe-n]=—e)

(y2)(—1)+(2—x)(2y)% 32
2)’(2“)6)% =3x2+y?

dy _ 3x? +y?
. dx  2y(2-x)
’ 1 1/4 ” 1 —3/4 s : 2 2
d)If g’(1)=—1¢"", then g”(z)=—1"", which contradicts
@I g0=7 8" 0=1¢ Slope at (1, 1); S +”_4 _
the given equation. 20@e-bh 2
Tangent: y=2(x—-1)+lory=2¢~1
Conclusion: (a) and (c) could be true.
1 1 3
Normal: y=——(x—1D+lory=——x+—
4_ 2 2
45. (a) Yy =y —x 2 2 2
d 4y _ d 2 d 2 3
=) - (b) One way is to graph the equations y =+ x
dx dx dx 5
4y3 4 = ZyQ ~2x 3 )
: dx dx 47. (a) (=1)°(1)* = cos(n) is true since both sides equal —1.
) 4y’ -2 )ﬂ =-2x
Y ®) #*y* = cos(my)
dy —2x x )
& apoay yoap L3y = L cos (ny)
y Yy Y-y ) dx dx )
d . d
a2 A3, (#X29) 22+ (5135 = (-sinmy) (m) 2
42 dy
2x%y+ msinmy) == = —3x2y?
3 (2x7y ) o XY -
a4 d 3
Slope _ % l = —%_
3 2[ 3] dx  2x’y+msinzy
9| X2 o ~
2 2 Slope at (—1,1):——33(1)——(IL_—=—3= 3
3 4 2-1’W+rsink 2 2
4 3 1 .. 3
3 3W3 4 2-3 P 2
2 4 V3 48. (a) When x = 2, we have y° — 2y = -1, or y’ = 2y+1=0.
At [ﬁ, 1] . Clearly, y = 1 is one solution, and we may factor
42 y3—2y+1 as (y—l)(y2+y—1). The solutions of
3 3 2
V3 N3 2 -1k —40x-D) _ -1£45
Slope = 4 =4 f=_i=J§ y'+y-1=0arey= A1) - 9
31 14 1
1T 3% 15
2 2 2 4 Hence, there are three possible y-values: 1, __ s
~14+5
and .

2
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48. Continued 50. X txytyt=1
(b) Y -xy=-1 P N P S N
i 4 dx( ) dx(xy) dx(y) dx()
il _“ == (-1
)= D 2x+x%+(y)(l)+2y%=
3y%Y =2 = (XD =0 py
@Gy -x)y =y 20 =7 @x )
,_ Y dy 2x+y
Y= @ __
3y°~—x dx x+2y
n_d Y
= Y —x (a) The tangent is parallel to the x-axis when
, , d 2x +
_ By X0 -OX6yy'~ ) ==Y =0, 0ry=2x.
= Gy —x dx x+2y
-3 ;2)!' * Substituting —2x for y in the original equation, we have
_ 2 2 _
Gyl = X +xy+y =7

X2+ (X=2x) +(-2x)* =7
x*-2xt+4x2 =7
2 _
of x and y. 3" =7
To evaluate f'(2), evaluate the expression for y” using r=+ \/i
x=2andy=1:

3
. = ! —1= i — Z Z z — Z
]”(2)_3(1)2—2_1 1 Thepomtsare[ \/;, 2\/;] and [\/;, 2\/;]

To evaluate f”(2), evaluate the expression for y” using

Since we are working with numerical information, there
is no need to write a general expression for y” in terms -

) (b) Since x and y are interchangeable in the original
x=2,y=1l,andy =1

1) =2(1)=30)*(1) _ -4 equation, ;ﬁ can be obtained by interchanging x and y

f”(z) — =—_4

B -21° 1
: in the expression for ﬂ . That is, E = —w . The
49. Find the two points: dx dy  y+2x
The curve crosses the x-axis when y = 0, so the equation . . dx
becomes x2 +0x+0="7, or x2 = 7. The solutions are tangent is parallel to the y-axis when @ =0,or
x =17, 50 the points are (i‘ﬁ’ 0). x =—2y. Substituting 2y for x in the original equation,
Show tangents are parallel: ~ we have:
X rxy+y* =7 x2+xy+y2=7
2 2 _
4y Lo+ Lo =L 29" + (29 +y* =7
dx ddx dx p dx 4y? -2y +y* =7
Y Y 2
2x+x——=+(yXD+2y—=0 3y =
2 TOXD+2y— y -
d =+ |1
(+2y) 2 = ~(2x+) Y ‘i\fz
dy—2x+y (17
dx x+2y The points are L—Z\/E,\/EJandLZ\/g,—\/EJ.
Slope at (ﬁ ,0):— M)_Jr_q =2 Note that these are the same points that would be
7+ 2(0) obtained by interchanging x and y in the solution to
_ part (a).
Slope at (—7, 0):—3@:—2 ,
—J7+2(0) 51. First curve:
The tangents at these points are parallel because they have 2x*+3y* =5
the same slope. The common slope is —2. i @ x2) n i (3y2) - i 5)
dx dx dx
4x+ 6yﬂ =0
dx
& _ Ax_ 2x

dx —6; 3y



51.

52.

Continued
Second curve:
yz =3
d , d i
dx dx
Yy 2
2y—=73x
Y dx
dy _3x*
dx 2y
2 3 .
At (1, 1), the slopes are —5 and 5 respectively.

At (1, —1), the slopes are % and-—% respectively. In both

cases, the tangents are perpendicular. To graph the curves
and normal lines, we may use the following parametric
equations for—-m <t < 7:

. 5 5.
First curve: x = ECOSt,y= gsmt

Second curve: x = %/t_z, y=t

Tangents at (1, 1): x=1+3ty=1-2¢
x=1+2t,y=1+3t

Tangents at (1, —1): x=14+3ty=-1+2¢

x=142t,y=-1-3¢

[-2.4,2.4] by [-1.6, 1.6]

a4 w2 _3 12
v(t)—s(t)—dt(4+6t) ——2(4+6t) ©)

=9(4+61)"?
al)=v'(t)= %[9(4 +6n7%]

= %(4 +60)72(6) = 27(4 + 61) 2

At ¢ =2, the velocity is v(2) = 36 m/sec and the acceleration
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Y4y = x*_ ox?
d

—©9x%)

2L ayy=L -
0= =2 -

34y g @ _ 413
4y e Sydx 4x” ~18x
dy_4x°-18x _2x°-9x
dx 4y’-8y - 2y’-4y
23°-93) _27
202°-42) 8
2-3°-93) _ 27
2(2° -4(2) 8
2(=3)*—9(=3) _2z
2=2°-4(-2) 8
29°-93) _ w7
20-2°-4(=2) 8

Slope at(3,2):

Slope at(-3,2):

Slope at(-3,-2):

Slope at (3,-2):

55. (a) P+ -oxy=0

d_ 3.,d 3 d _ d
= (x );_l o) 9—! (xy) o )
2 24y d)’_ -

3x° +3y 9x Iy)(H=0

dy 2
3y* —9x)—==9y-3
(3y x)dx y-3x
ﬂ_9y—3xz_3y—x2
dr  3y*—9x y*-3x
32~ _-10_5
2?%-34) -8 4
_ 2
Slope at (2,4): 2 =2 _ 8 _4
@?-32) 10 5

(b) The tangent is horizontal when
2

Slope at (4,2):

_.2
DX o ory=X
dx y - 3x 3

%2
Substituting 3 for y in the original equation, we have:

53. Acceleration = ﬂ =
dt

27 PR
1sa(2)=7m/sec .

4o 12
7 [B(s—1)"" +1]

~1/2 ds
—4(s—1) [E_lj
=4(s—0)"? (-1
=4(s—-0" [B(s - +1)-1]
=32(s—1)"? (s—n)?
=32 ft/sec?

3

X .3
—(x"-54)=0
27(x )

x:Oorx=3/5_4=3x3/5

2
Atx=0,wehavey= %—— =0, which gives the point

(0, 0), which is the origin. At x = 33/_2_ , we have
y= %(32/5)2 = %(9%/2) =334 , so the point other

than the origin is (3%/5 ,3%/2': ) or approximately
(3.780, 4.762).
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55. Continued

(c) The equation x3 + y3 —9xy is not affected by
interchanging x and y, 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 (334, 33/2) or
approximately (4.762, 3.780).

56. x2+2xy-3y" =0
Lo wm)- Lo =L o
2x+2x%+2(y)(1)—6y%= 0
(2x-—6y)% =-2x-2y

dy —2x-2y x+y
dx 2x-6y 3y—x

= ~2— =1, so the normal
(H-1 2

lineisy=—I(x—1)+1ory=—x+2.
Substituting —x + 2 for y in the original equation, we have:

At (1, 1) the curve has slope

x4 2xy—3y2 =0
X+ 2x(—x+2)=3(=x+2) =0
x?=2x* +4x-3(x> ~4x+4)=0
—4x* +16x-12=0
—A4(x-1)(x-3)=0
x=lorx=3
Since the given point (1,1) had x = 1, we choose x =3 and
50y =—(3) +2 =—1. The desired point is (3, —1).

57. xy+2x—y=0
d d d d
E(W)+E(2x)_a(y) = E(O)

dy dy
—+@D+2-—=0
S 162.0))

dx
dy
D=9
(x )dx y
dy _—2-y_2+y
de x-1 1-x

Since the slope of the line 2x +y =0 is -2, we wish to find

58.

Substituting —2y -3 in the original equation, we have:
xy+2x—y=0
(-2y-3)y+2(-2y-3)-y=0
2y -8y-6=0
=2(y+1Xy+3)=0
y=-lory=-3
Aty=-1x=-"2y-3=2-3=-1.
Aty=-3:x=-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 slope —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==2(x-3)-3ory=-2x+3.

x=y2

4 =2y
S P=2-07

dy
1=2y=

Y dx
dy 1
dx 2y

The normal line at (x, y) has slope —2y. Thus, the normal
line at (b2, b)isy=-2b(x— b2) +b,ory=-2bx+ 26% +b.

3
This line intersects the x-axis at x = 2b21: b =p2+ % ,

which is the value of @ and must be greater than —;— ifb#0.

The two normals at (b2, +b) will be perpendicular when

they have slopes *1, which gives

—2y=tlory= i%(or b= i%J The corresponding value

2
of aisb? + l = l + l = g Thus, the two nonhorizontal
2 \2 2 4

normals are perpendicular when a = %

———points-where the-normal-has-slope—2;thatis;wherethe—— —d——— d —— — ————————————————————————

1
tangent has slope > Thus, we have

1-x 2
22+y)=1-x
442y=1-x
x=-2y-3

2+y 1

59. False.
Zyt+x=—q
dx(xy x) dx()
2 dy
+1+2xy—=0
y o
dy _-1-y" dy -,
dx  2xy dx

/2,1y 2(1)1
2

60. True. By the power rule.

173

y=(x)
dy_d_ an_1 opn_ 1
D T3 T
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6L A. % =y 4y = % O Therefore, a”y,y+b*x,x = a’b*, and dividing by
2,2 KX Y
a“bgives—-+—>-=1.
2x—y+(-—x+2y)2x—y=0 £ 20 p?
& _y=2x (b) A
dx 2y—-x a b
62 A d’y _d|y-2x b2x% —a?y? = ap?
T dx? T dx|2y-x d 220 d 99 d_ 29
E(b x )—a(a y )—a(a b7)
_QCy-00'-2)-(=2x)2y" -1) dy
2y-x)? 2b2x—2a2ya =0
_ (2yy’—4y—xy’+2x)—(2g)y’—y—4xy’+2x) dy _ b ~ &
Qy-x) dx  2a%y a%y
= M b2
Qy—-=x) The slope at (x,,y,) is z—xl
— a
-3y+3x y—2x 2
2y—x .. b x
= —mz—— The tangent line is y—y; = az—yl(x —-X)
_ =6y +3xy+3xy—6x2 This gives:
(2y-xy a*yy-a*y}? =b*xx - bx}
6052 — 2
_ 6()(‘2 xy;—y ) b*x}? -a’y? =b*xx—a’yy
y—Xx
6 But b2x12 - ¢12y12 = a*b* since (x;,y,) is on the
o 2y-x)? hyperbola. Therefore, blex - azyly =a*b?, and
d d 3/4 st s 22 nx MY
63.E. —(y)=— dividing by a“b” gives ————>-=1.
PR BV D BN T
dy 3 ya_ 3 66. (a) Solve for y:
A A |
27 .2
64.C i( 2 x2)=i(1) a b2 ,
dx dx y X
—p=T 1
2x+2yZ -0 b*  a
& _x_ 1 V=g
dc y 2 b 7 2
. y= ir; xt—a?
65. (a) L2
Fa N
V3’ +a’y’ =a’p’ ®) tim LX) -y
d 22, d, 20 d, o2 = 8(x) - o élxl
= x")+—(a"y")=—(a"b")
ax ax ax
~ 2_ 2
2b2x+2a2y%=0 = lim XX %
dy 2b*x  b’x b
— = = —— 2
dx  24%y Py = lim ,/1—“—2 =1
b e X
x
The slope at (x,, y,) is ———*. b
1 azyl o LN )
2 (© lim —*= lim —4——
o g(x) o= _b

x
The tangent line is y— y; = ———(x— x,). This gives:
a’y,

azyly - azyl2 = —blex + bz)cl2
a2y1y + b2x1x = a2y12 + blez.

But 512y12 + b2x12 = a?b? since (x;, y,) is on the ellipse.

. vV x2 - az
= lim ———
|xl_)'>o ¢x2

= lim f1-% =1

Jxf—eo x



