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% 2. 4x2+9y2 =36 6. v v —2ay=di—y
9)'2 =36—4x° .\‘2_\” =dy—y+ 2y
36—-4x2 4 , dx—y+2uy

V= A JNE y= B

9 9 X

2 .
y=£2y9-xt 7. y'sinx —xcosxy =y 4y

’% e 4
- Vsinx —xy" = y+.xcosy
2 [ 5 2 v Y =)
n=3 9-x%, y, :~—3—\] —x’ (sinx —x)y = ¥+ xcosx

, _¥+acosx

A .
T T . Sin X — X
{ . 2 2
N S 8. x(»* =)=y’ =)
T " 2 2
o=y (" - y+x)

[-4.7,4.7] by [-3.1,3.1] V= o

2 .\‘2 —y+ux
3. -4y’ =0
(,\'+2)7)(x—2);):0 9. \/;(-\“‘%/;):x“z(x“x”})

y= +X = 2y 213
o2 — Y256
X x
'\?l:~‘)12:—— };
2 2 10 x+§/x_2_.\-+,\-“”
s - ) \/73 T
T T X ;
— i X X A0
’___.,,.,f e =7 + o
S TE B
[-6, 6] by [4. 4] ) .
% Section 3.7 Exercises
4. x*+y* =9
y :9—~x2 1. .‘Cz_\'+X)'2:6
(R { d
y=4J9-x* ;—(-Y'.\')+;—(-\3’2)=[—<6)
3 Y dx dx dx
NENI—X =N ) dy Iy
l - : ,\"—(14—)'(2.\‘)+_\‘(2y)i-|—yz(1):()
.,/"'F . dx dx
J k 1y Iy
/ Y 22 ® 0y
'l._ dx dx
-, ,f'/; Q2xy+ YZ)QN—(Z\'V‘I-VE)
S T dx o
2
[-4.7,4.7] by [-3.1,3.1] dy __2xyty

2442 dx 290“"/\‘2
5. x°+y" =2x+3

v =2x+3-x" 2. Pyt =18xy

y:i\)2)€+3—x2 (—[(,\73)+i‘()’3):i(18,\'_\’)
Y = \/2x+3—x2 Y2 =—\/2x+3~x2 dx dx dx

3x7 +3y23/l —1sx 18y(1)
; — ax ax
! B! 32D g D gy 32
] )(‘ Todx dx ’
S 3 dy -
(3y"—18x)—=~=18y-3x"~
dx
[-4.7, 4.7 by [-3.1. 3.1] dy _18y-3x"

dx 33" —18x
dy _6y- X

dx B )‘2 —6x
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» x|

3. o=

x+1
—f[_ 2 d x-— |

dx” dx x+1

2\'$ D) —(x—1Ix1)
" dx (x+1)?
2)'ﬂ: 2 5
dy  (x+1)°
dy |

dv  y(x+1)°

4. =2
X+y
Ay dx-y
dx dy x+y
(x+y) 1—ﬂ —(x~¥) l+£
dx dx
2y =

(x+y)°

7. x+tan xy=0
d

d d
—(xX)+—(tan xy) = —(0
(/x(ﬂ (lx(mM) dx( )

(z"J 1 sec(xy) - () = 0
dx

dy dy dy
X=X——+y—y— |~ x+x——y
dx dx dx
2x =

(x+y)”
dv
2y—2x—
2 v = (l.,\‘
(x+ _v)z
dy
x(x+ y)z =y-x—
dx
dy
X——=y—-x(x+ 4\')2
dx
2
dy  vy—x(x+v) vy
— = '—(_;):-__(_\-_}_.\-)2
dx X X
Alternate solution:
3 X—=Y
x =
X+ ¥

M+ y)=x—y

.\'3+x2y:x—y *
d s d , d d
— (X)) +—(x" V)= — ()= —(y
d,\'(r ) d_x(‘ ¥ d.\‘h) (/.x('\)
3.r2+x2@+y(2,\'):1—ﬂ
dx dx

(x> + l)ﬂ =]-3x%— 2xy
dx

dv _1-3x"-2xy
dx K]

1+ (sec? xy)[xﬂ +()(W]=0
dx

(sec? Xy) (x)Q = —]—(sec” xyXy)
dx

2
dy  —1-ysec” xy

2
dx xsec” xy
dy | y
== ——C08” Xy — <
dx X x
8. X+siny=xy

i()r) + —(L(Sin y)= i(.)q\.’)
dx dx dx

1+ (cosy)ﬂ = xﬂjt()')(l)
dx dx

dy
Cosy—x)—=~1+y¥
(cos y )dt )

A —-lty -y

dx cosy—x x-—cosy

d ., 5 5 d
9. —(x"+y)=—(3
([.\’(l ) dx( )

2x+2y£=0
dx
dy x =2 2

de ¥ 3 3




(/ 1 2 ([
10. — T+ ) =—(9
d,\'(\ v dx )
2\+2'\’ﬂ=0
dx
d__x 0_
dx y o3

d 2 Pl d
. —(x=D"+(=-DH="-03
I (x=D"+(»-D7) dx( )

2x=DI+2(y- l)l)ﬁ =0
’ dx

dy  x-1 3-1 2

dx y-1 4-1_ 3
12. i((x+2)3~1-(y+3)2):i(25)
dx dx

2(x+ )1+ (2(y‘+3)1)§ =0
dx

dy _ x+2  1+2 3
dx y+3

) .. d
13. — (X y-xy)=—(4)
X dx

(x* - 2.\:\!)ﬂ+ 2xy-y* =0
dx

(-2 Da 2xy
dx

dy ¥ -2xy
dx  x'=2xy

- . X
defined at every point except where x = 0 or y=—

d d
14 Loy =Licosy
ax = g cosy)

. dy
[=—siny—
dx
dy 1
dx siny’

is defined everywhere except where sin y=0:

y=tkm
Xx=cos(km)
x=1 or
3 3 d
15, —(x*+y))=—(n)
dx
3 2+3)>2—‘=\ rﬁ
X dy
3x —\*(x~3\2)£
dx
ﬁli_3x )
dx x=3y"

! X
defined everywhere except where y* = 3

-1
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1 1
16. -[—(,\‘2 +dn+dy’ -3x) = L(6)
dx dx

2,\'+4,\'—3+(4x+8‘v)£=0
dx
dy _3-2x-4y
dv  4x+8y
defined everywhere except where y = ~%,\'
17. x? +xy-yi=1
d o d d, o, d
— (xS )+ — N——(y )= —(
d.\‘(A ) dx(X.\) dx(_y ) dx()
2x+.\‘ﬂ+(y)(l)—2yﬁ:0
dx dx
(X—Z}’)@=~2x—.v
dx
i)_r_ —2)(*}’__ 2x+y
dx  x-2y 2y-x
2
Slope at (2, 3):¥M = Z
2(3)-2 4
7 7 1
a ty=—(x-2 Y= —Xx——
(a) Tangent: y 4(x )+3ory 4\ 5

4 4 29
b) Normal: y=~—(x~2)+3 or y=——x+-2
(b) Normal: y 7(v Y+3ory 7r 7

18. x2+y2:25
d 9 d 9 d
— (@) +—(y7)=—(25
dx(x) dx(,\) dx( )

dy

2x+2y—=—=0

dx

dy__x

dx ¥
Slope at (3,~4):—i4:E

3 3 25
a)T ty=—(x-3)+(-4)or y="x-"=
(a) Tangent: y 4(x )+(—4)or y 4x 4

(b) Normal: y:—%(x—3)+(~4) or y:~§—x
19. x2y2=9
d 2 9 d
2ty ="L9
dx(l ¥ dx( )

N2 4 (220 =0
dx

2x° ¥ L = —2xv?
dx
dy_ 297y
de  2¢%y x
3

Slope at (-1, 3): = =3

(a) Tangent: y =3(x+H+30or y=3x+6

1 3
(b) Normal: y = —%(x+ D+3orv= ~§x+—

3

i21
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20. \‘2~"\‘—4\'—l:0
d - d d
— —(2x) (4 )~ —(]) *(0)
dx dx dx dx
z\ﬂ-v_4“’—~‘-o=o
dx dy
(2\—-4)([—"';2
dx
dy |
dy  y-=2

Slope at (=2, 1): ] =—|

-2

(a) Tangent: v=—(x+2)+1ory=—xy—1

(b) Normal: y=1(x+2)+1ory=x+3

21. 6,\'2+3\‘\'+2\'2+17\'—620
{
‘d—(ﬁ\‘ J+*(3n)+~(7\ )+ (17 —L6 __(
dx dx dx
12\+%\—+(3\)(1)+4 ﬂ+17ﬂ—0 0
dx dv dx
‘L+4 d—\+l7d =—12x -3y
dx dx (/\

(Bx+4y +I7)—=—12\—3\
dx

dy  —12x-3y

de 3x4+dy+17

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

Slope at (1, 0):
A-+4(0)+17 14 7

6
(a) Tangent: y= g(x +1H+0or y= %.\‘ +§

(b) Normal: y = ~Z(x+ D+0ory= —Z,\'~z
6 6 6

22. FoBarnt=s
d ) d d . [[ -
— (X)) =3I —()+2—()=—(5
c/.\‘(\ ) \/—dx(\") dx(’\ ) (/.\'( )

2.\'~\/§(.\’)£§'\—‘~ \/5()«)(1)4_4‘-5;1 =0
dx
(~.\‘\/§+4\)i:\\/_ 2x

dv W3 -2x
NS 7f
RN I
(a) Tangent: y =2
(b) Normal: v = \ﬁ

Slope at (\/_.

23.

24,

25.

2xy+msiny =2rx
d d d
2—(xy)+n—iny)=—(Qr
dx(\j) dx (siny) dx( )
B ll
2x£+2y(1)+7rcosy2=0
dx dx

(2x+7tcosy)% =2y

dx
b2
dx 2x+meosy
2
Slope at I,E :—(HE/Z):—E
2 2(1)+ mcos(n/2) 2

i T n
a) Tangent: y=—~—(x~1)+= or y=—=x+7
(a) Tangent: y 2(‘ ) 5 OTY=ox

2 2
(b) Normal: y = A(x~1)+z or y:—x—2+E
.4 2 T o 2
Xsin2y = ycos2x
(—](xsin 2y)= —d—(y cos2x)
dx dx

(xXcos 2_&')(2)% +(sin2y)(1)
X
= (y)(—sin2x) (2)+(cos 2@(@)
dx

(2xcos2y) ih— —({cos2x) ﬂ =-2ysin2x—sin2y
dx dx

G
(

dy  2ysin2x+sin2y

dx 2x cos2y—cos2x
n

] Sir [ j+sm(n:)
T
j cos(m)— cos( 2 ]

(7[)(1)+0 ~

~(1)0

T| &
(a) Tangent: y = Z(A‘—ZJ+§ ory=2x

I\.}

T
Slope at| =,
’ [4 2j

am

1 1
(b) Normal: y=—~— x—z +E 0ry=——x+5—ﬂ
2 4) 2 2 8

v =2sin(zx — y)

% = (%ZSin(nx -y)
—[i— 2cos(mx—y) ﬂ—ﬂ
dx dx

[1+2cos(mx— .\')]-(5—)_L =2mecos(nmx —y)
i[i- _ 2mcos(mx—y)
a1+ 2cos(mx —y)
2n(-1)
1421
(a) Tangent: y =272(x - 1)+ 0 or y=27x— 27

2
Slope at (1, 0): FEOST _

1+2cosm

|
(b) Normal: y :~—(\~])+0 or \__2%4_%

2
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é 26. x“cos” y—siny=0 \."wi —[ljm
v 1 i . { ' T dy ¢
< (.\‘2 cos? v)— (—(sm y)= < (0) dx X
v dx ¢ Y2 g (
2 ) dy ; dy L U B
(x7)(2cosy)(=sin¥)| — [+ (cos” ¥)(2x) ~(cos v)—=0 3y dxl v
dx dx TR
. { » Iy) -0
—(2,\'2 €os ysin v+ cos »\-)Q =-2xCc08" ¥ =-7 i] LE\—X)
dx 3y 2
_d_\ B 2x cos® ¥ ~ 2xcosy v 173
dx  cosy+2x cosysiny  1+2x%siny —(x) N
200 ~ T3 RENEE
Slope at(O,n):ﬂ—:O 3’ Xy
1+2(0) sinx _1 _\'“/3}']/3 + ¥
(a) Tangent: y=7 3 8y
23, 23
(b) Normal: x =0 _yty
343,18
27. x? +y2 =1 ' 23, 23
’ / d Since our original equation was x~~ + v~ = |, we may
¢ d
=G =-() . R
dx dx dx substitute | for x™" + y™, giving " = — ==
2x+20' =0 37y
2),‘)’, = —2x y ) .
, X 29. yVo=xT 4+ 2x
y=—
! » d -~ d_ 5 d
' — () =— ")+ —(2x
- dal x dx ) dx ) dx )
S 2vy' =2x+2
7y .
_ -0 o 2rt2_ x4l
- 2 ! 2y v
-‘, N 5 -
ox N dfx+t
§ yox - Todx\ oy
¥ - Y ) :
== > (MO =(x+1y
y e —
i y? ¥ |
= Jat
¥ ,\'—(.\'+1)[L)
) B v
Since our original equation was X+ _\’2 =1, we may - 2
. . i 2 (et
substitute | for x? +y?, giving y” = - = \_L;_]L
¥ A%
28 2B 2B Since our original equation was ¥ = x2 + 2x, we may write
. 2 Y= y2—(x+1)? =(x2+2x)~(x2 +2x+1)=~1, which
d op d o op_d !
E}?((\ )+E() )”"{E(I) gj\les y”:— 3
2 13,2 i 0 ¥
— +—y Y =
3r 3} ¥ 30. y2+2y:2x+1
—1/3 A3 { |
ot |2 S 2y = -2t ])
J ~1/3 B dx dx
y X
Q2y+2)y'=2
, 1
\‘ = —
’ y+1
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30. Continued

31.

32.

33.

34,

3s.

36.

37.

38.

dx dx

. d 1
\,‘ —_————
dy y+1
=—(y+ 1)y
=—(y+1)7 . )
y+1
S S
(y+1)°

dy _d o _ 2x(9/4)—1 _ 24‘5/4
dx dx 4 4
—di)i = L[x—.?/S - __gx(~3/5)—] — “EX_S/S
dx dx 5 5
dy _d 4 d ws_1 ama 1 o
=X E X ==X =—x B
dx (/x\/' dxJL 3
_@:ill X :ixllil :lx(1/4)_] 21,\‘_3/4
dx dx dx 4 4

' 1
ﬂ:i(2x+5)~uz:~_(2x+5)(—1/z)4i(2x+5)

2 dx

= —% (2x+5)7%(2) = ~(2x +5)™"

Q:—(L(l—&:)m
dx dx
2 5 d
=Z(1-6x (2/13)-1 ¢ 1—6x
3( x) d.\‘( x)

= %(1 ~6x)""3(~6)
= —4(1~6x)""

&4 )

dx  dx

=xi\/x2+l+\]x2+1;—l(x)
dx

dx

I

xi(xz +DY2 (242
dx

1l

xe %(x2 +)7P 20+ (x + )
= ,\'2()«'2 + 1)_”2 +(x2+p"?

237 41

\/,\‘Z—H'

5 d d 5
2o a A
dy d X _(x +1) Z\ .\dx(.\ +1)

dx—a\/x%,]_ Xl

Note: This answer is equivalent to

P+ DY %(.\-3 +17"2x)

X
_ x4 l-x?
(o + D + )7
]
2+ )2
=2

dy d

39, S22 Dy
dy  dx
:l“_)\_l/z)—uz i(‘__xl/z)
dx
I 172 \~1/2 1 ~1/2
=—(l-x")" | ——x
2( ) 2
- _1(1 e
40. ZJ = ;—13(2,\-—”2 +1)7
x  dx
- (2',(—1/2+1)—4/3[;_1(2x—1/2+1)
X
=— (2x"”2 +1)—4/3(_x—3/2)
= x*3/2(2x—1/2 1y
41. d—} = —(1—3((:scx)3/2
dy dx
=2 ese )" L esc )
2 dx

9
=3 {csc x)”2 (—cscxcotx)

=— g (csc x)m cotx

a2 Yo i[sin(x +5)pP"
dx  dx

= %[sin(ﬂ sy ;%Sin(XnLS)

= g[sin(x +5)1"* cos(x +5)

3,
43.(a) If f(x)= Ex-” -3, then

f-/(x):x-—l/fﬁ andf//(x):__%x—‘”fl

which contradicts the given equation f*(x)=x""3.
: 9
I flx)= Ex —7, then

. 3 - .
ffix)= Exm and f”(x) = x"'3, which matches the
given equation,

(¢) Differentiating both sides of the given equation

3. . I . .
Frxy=x"1 gives f "(x)=—§x ¥3 50 it must be true
that f”(x) = m—lx“m.
3
. 3 o " _u3 .
(d) If f(x)= ;..\' +6, then f”(x)=x""", which matches

the given equation.

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




44, (a) If g'(1) = 431 — 4, then

3
43
4

g’(n= ;—[(4,%"4 —4)= = which matches
dx

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

~3/4 =174

I . 3 o
gty = i =1"" gives g”' (1) = —Zr , which is not

. . 4
consistent with g”(t) = -
4

(©) I gt)= r~7+?r5’4, then

gn= 1+4"* and g’ = A ~31/—4, which matches
K

the given equation.
(A If g'() = i:"“, then g”(z) = 1—16—1-3’4, which contradicts
the given equation.

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

45. (a) yh=y=x?
d 4_d 2 d 2
0T O
dy
4L 9y2 9
)a' ydx *
@y -29) L = 2x
fd_-‘im -2x X
dx 4y -2y y-2y°
(LB
42
V3
Slope = 4 3
N3 V3
2 2
3 4
4, ¥t
3 33 4 2-3
2 4 3
At —3,—1—:
4°2
V3 V3
4 4 4 V3
Slope = - SN 3
> (1Y 114 ¥
273 2 4

Section 3.7

(b)

[-1.8, 1.8] by [-1.2, 1.2]
Parameter interval: —1<¢<1

46. (a) Y @2=x) =2
i 2n_ __(_i_ 3
dx[y (2 X)t|—dx(,\)
d
<y2)<—1>+(2—x><zy>d_y:3xz
X
22-0D =35+
dy_ 34y’
dv 2y(2-x)
2 2
Slope at (1, 1): M:i___z
2D2-) 2

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

1 3
Normal: y:—%(x—1)+101'y=—§x+§

f 3
(b) One way is to graph the equations y =+ —2—)5—
- X

47. (a) (—1)3(1)2 = cos(r) is true since both sides equal —1.
(b) x*y? = cos(my)
£005) = o0 (1)
dy . d
W2+ () Bx) = (~sinmy) ()
dx dx

(2x°y+7msin Ty) Z—z =3x2y?

Q - 3x2y2
dx  2x’y+msinzmy
- =33

Slope at (-1, 1)1 -———F———=—==
P 20} +zsine -2 2

The slope of the tangent line is %
48. (a) When x = 2, we have y* =2y =—1, or y° =2y +1=0.

Clearly, y = 1 is one solution, and we may factor

y3 ~2y+las(y-1) (y2 + y—1). The solutions of

135

—1EJ - 40)-1)  —1%45

Y +y-1=0arey= =

2(H 2
_1-
Hence, there are three possible y-values: 1, 2\/5
~1+5
and 5

2
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48. Continued

(b) Y exy=—]
d . d
_ vy — — —_— _[
dx ) dx () )

3%y =0’ = () =0
Gy —x)y =y

Fl .\‘

.\‘ = 0
3yT—x

s d ¥
cx 3)'2 —x

_ 3y =00 = (67 -
(3),2 _ ,\‘)2
y—xy =3y
3y —x)?

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

of x and y.
To evaluate f’(2), evaluate the expression for y" using
x=2andy=1:
y I 1
f@2)= . ==
3y -2 1

To evaluate f”(2), evaluate the expression for v using
x=2,y=1,andy' =1

, D-2(h)-31)7() 4
o= D230 ¢
B -21 I
49. Find the two points:
The curve crosses the x-axis when y = 0, so the equation
becomes x2 4+ 0x+0="7, or x? =7. The solutions are
x =17, so the points are (i«ﬁ, 0).
Show tangents are parallel:
x° +Jr_y+_y2 =7
d

9 (] d 2. d
— )+ — () +— () =—( .
(L\'(Y ) dx(u) dx o) dx( )

2:(+;\‘ﬂ—k(.\f}(l)+2)r‘c~i1 =0
dx dx

(x+ 2)-')£ =—(2x+y)
dx

dy  2x+y
dx X+2y
Slope at (\/7, 0):—%—22—5:4
Slope at (—\/7, 0):~%:_2
—J7+2

The tangents at these points are paralle! because they have
the same slope. The common slope is —2.

50. x* +X)’+ v =T
_(x )+ (/W)+~( “)*—(7)
2x+x—'+(y)(1)+2yd—'=0
dx dx

(x+ 2y)ﬂ =—(2x+y)
dx

dy  2x+y

de x+ 2y

(a) The tangent is parallel to the x-axis when
—(—ZX:—EE—)—) =0, ory=-2x.
dx x+2y

Substituting —2x for ¥ in the original equation, we have

%2 +xy+ ,)'2 =7

X2+ ()2x)+(—2x)2 =7

P -2xt+4x? =7

3¢ =7

o
mamssse - o[ ]

(b) Since x and y are interchangeable in the original

coodx . . .
equation, - can be obtained by interchanging x and v
y

. . dy . dx 2y+x
in the expression for — . That is, —=——

. The
dx dy y+2x

. . dx
tangent is parallel to the y-axis when ™ =0,or
dy

x =~-2y. Substituting -2y for x in the original equation,
we have:
2 2
x“txyty =7
20 + (20 +y* =7
4y* - 2y* +y? =7
3y =17

.
The points are [“2 f \ﬁ Jd[ ( \m

Note that these are the same points that would be
obtained by interchanging x and y in the solution to
part (a).

51. First curve:

2x2+%v2~s
—(2 )+ (3 )——(5)
4\+6\—ZL—O
dx

d_\' Ay 2_\

dr 6y ¥ 3y

PR




-

i

51. Continued

Second curve:

2 3
yo=u
d 2 d 3
—y =X
dx’ dx
2 \d—\ =3y’
dx
ﬂ B 3x7
dx  2x

At (1, 1), the slopes are—% and% 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—r <t <

) 5 5.
First curve: x = 2 cost,y= 3 sint

Second curve: x = %/72 y=t

Tangents at (1, 1): x=1+3ry=1-2t
x=142t, y=1+3¢

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

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

52. w(f)=s5"(1) = ‘—l(4+6r)3'2 = é(4 +61Y2(6)
dt 2

=9(4+6n"
al®)y=v'{t)= i[9(4 + 61)”2]
dt

= %(4 +60) " (6)=27(4+61"
At t =2, the velocity is v(2) = 36 m/sec and the acceleration

2
isa(2)= j’im/ sec?.

53. Acceleration = & = (—[[8(5 ~n" 41
dt dt

ol Is
—A(s -1 a I
(s=1) [ dt

=4(s—0y" w-1)

=4 -7 85— + 1) -1
=32(s— r)*”2 (s— r)]/2

=32 ft/ sec”
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54, )'4 —4)*2 =t -9y’
d s d 4 d s
O B A CR L CA)
dx dx dx dx
4y dr_ \d—\ =4x*—18x
dx dx
dv_4x*-18x _2x'-9x
dy  4y*—8y 2y -4y
3
- 2
Slope at(3,2): M = —l

22 -42) 8
23 -9(-3) _ 27
2(2)° —4(2) 8
A3’ -9-3) _ 27
-2 -4(=2) 8
23°-93) _ 27
2A-2°-4(-2) 8

Slope at(-3.2):

Slope at(-3,-2):

Slope at (3,-2):

55. (a) O _y3 -9xy=0
d 3 d 3 d d
—(Xx"+—(y —9—7,‘:*0
dx(\) dx(.v) dx(n) (lx()
3x2 43y Q—9xﬂ~9(y)(1) =0
dx dx

3y? -9.\-)‘;—y =9y—3x?

ax
dy _9y-3x’ _3y-x’
dx 3}’2 ~0x ' -3

- _-10_5
2)7-34) -8 4
Slope at (2,4): §<4_2)i2); ~8_4
@Y -32) 10 5
(b) The tangent is horizontal when

Slope at (4,2):

2

@ _ By’ =0, 01‘)’=£—.
3

dx yz —3x

X . .. .
Substituting 3 for y in the original equation, we have:

3
X 3

(i -54)=0
27(1c )

x:001‘.x:§[5—4:3%/5

2

Atx=0, we havey= Y =0, which gives the point

(0, 0), which is the origin. At x = 3%/5, we have
y= 5(3{’/5)2 = %(93/2) = 3\3/2, so the point other
than the origin is (33/5 .3%/2) or approximately
(3.780, 4.762).
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55. Continued
(¢) The equation x*+ 3 —9.xy is not affected by
interchanging x and y. so its graph is symmetric about
the line v =.v 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 (3'\1/2, 35/5) or
approximately (4.762, 3.780).

56. R 2y — 3.\‘2 =
d > d d » d
— )+ 2— () —— 3y ) =—(0
dx ) dx () dx ) c/.\‘( )
2.\'+2.\‘£+2(_\’)(1)—6)‘£[‘l:O
dx dy

(2x - 6_\')51L =-2x-2y
dx

dy =2x—=2y x+y

dx  2x—6y 3y-ux
I 2
At (1, 1) the curve has slope Ly =—
-1 2

line is y=—1(x— ) +1 ory=—y+2.

=1, so the normal

Substituting —x + 2 for y in the original equation, we have:
N4 2y - 33 =0
A2 2x(—x 2)=3(=x+2)> =0
=2 4 =3 —dx+4)=0
~4x +16x-12=0
~4(x=1)(x=3)=0

y=lorx=3
Since the given point (1.1) had x = 1, we choose x = 3 and
80 ¥ =—(3) + 2 = —I. The desired point is (3. —1).

57. X +2x—-y=0

d (o)t d (23) d () d 0)
— )+ —2)-— () =—
dx 7 dx dv ™ dx
Iy Iy
xi+(.\‘)(1)+2—2:0
dx dx
d .
(.\'—])%‘:—2~_\‘
dx
dy —2-y_ 24y
dy  x-1  1-x
Since the slope 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 —. Thus. we have

2
24y 1
f—x 2
22+ y)=1-x
4+2v=1-x
v=—2y-3

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+D)(y+3)=0
y=-lory=-3
Aty=—-lx=-2y~3=2-3=—],

Aty=-3:1x=-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==-2x-3)-3o0ory=-2x+3.

58. x= _vz
d d
—n=- (")
dx dx
1=2 \d—)
dx
AL
dx 2y

The normal line at (x, y) has slope —2y. Thus, the normal
line at (b%, b) is v = —2b(x — b*)+b, or y =—2bx + 25> + b.

2°+b o 1
23

This line intersects the x-axis atx =

o 1.
which is the value of a and must be greater than 5 ifb#0.

The two normals at (bz, +b) will be perpendicular when
they have slopes *1, which gives
I

1
2y=xlory= i;(or b= iE) The corresponding value

ofaisb®+ l = i + l = é Thus, the two nonhorizontal
2 \2 2 4

. 3
normals are perpendicular when a = rE

59. False.
Lot =Lq)
dx dx

y L 2.\'_\'ﬂ =0
dx

dy -l- yz dy

_-1-1

(2. 2(1)]
2

dx 2xy dx

60. True. By the power rule.
y=("
dv _d N b 1

2

dv dv 3 - 3x23




S

e

61. A,

62.

Q2y-x)?
@y =4y —xy +2x) - Qyy —y—-4xy 4+ 2x)
B (2v—x)?
~ 3y+3xy’
C Q2y-x)?
—3y+ 31{;)}_21)
BRCR
~6y? + 3xy+ 3xy — 6x2
IR
—6(x* —xy +y?)
6
VIS
63. E. i(y) =4
dx dx
dy_3 wa_ 3
dr 4 4yt
64. C. dix(yz —xY)= ;—i_(l)
oxs2y® o
dx
d_x_ 1
dy 2
2 2
65. (a) ; + # =1

4 omyy=La
dx dx

{ .
2x = y+(—x+ 2_\')1 =0
dx

dy _ y—2x

dx  2y—x

d*y d|y-2x
A dx? "~ (1.\’[2.\’~x:|

_2y=00 =2 =202y ~ D)

2 2
b x* + a'y2 =a%b’

Loty @y =)
dx dx dx

7
wrr+2a%y 2 =0
o

Ix
2
dy  20’x  b'x
de 24y by
2y
. Al
The slope at (x|, y;)is — T
ay,
b2 x
The tangent line is y— y, = - x- x,). This gives:
a’y
A

20, 2.2 42 22
a‘yy—ay =-bxx+bx

2 2 202,422
a‘yy+bxx=ay +bx".

2 o] . . .
But a“ylz + blxl2 =a*b* since (x; ¥;) is on the ellipse.

Therefore. az_\fl).'Jr b:_\"l_r =a?b?. and dividing by

aa L XX WY
a“bgives—5-+- =1,
a  b°
22
X7y
(b) s =1
a b
by - V= a*b’
d d d
— () —— (@) =—(a’b?)
dx dx dx
dv
2b7x - Zaz_\'—' =0
dx
il 2
dy 2bx b'x
dx ~2a2)= (12_\’
) bg.\’[
The slope at (x,,y,) is —5—.
a’y,
o bx
The tangent line is y—y; = L x-x).
ay

This gives:
2 ©2.2 2 2.2
a’yyy~ay =bxx—b"x

2 2 ki 2 2 2
b x"—ay =bxx—a’yy

202 2,2 . .
But bl.\‘]2 —a”y,” =a b’ since (x},y,) is on the

hyperbola. Therefore, bz,\'l.\' - 02.\‘1‘\‘ =a’b?, and

{2 2
X —da

= lim
A—peo /X?-
2
. a
= lim [1-— =1
iXx—yeo X~

dividing by a’b” gives ¥ - “—2"
a b
66. (a) Solve for v:
S
a b
B
b* a
v ~i(x2—a”)
a-
p= 424 g
a
b AT
{b) Lm S lim 4————
toeg) e By
= lim ——~—x2 —a
T
2
= lim 1—a7 =1
fxfes X~
f(X) “*b‘\j.\fl‘(lz
(¢) lim == lim —¢
x>0 g(_\‘) "0 —]il-\'l
7
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