(©) =

|72

—] 250

(d) Maximum height: y = 55 (at x = 100)
Range: 204.88

Section 10.3 Parametric Equations and Calculus

dx  dxfdt 2
L
dx  dxldt (13

dy _ dy/d6 _ -2cos@sind _ ‘_l
" dx  dx/d®  2sin@cosd

%
Note:x+ y=1= y=1-xand = = -1
[ yalmy=t-xm
o b (Y2 1,
“dx  dx/d@ 2¢° 4 422
5. x=4t,y=3-2
dy _ dy/dt _3
dx  dx/dt 4
2
2y _y
dxz

At t = 3,slope is i— (Line)
Neither concave upward nor downward

6. x=~/t,y =3t -1

dy _ 3 _ o fw _
i l/(2 \/;) 6/t = 6when 1 = 1.
dy 3\t

Concave upward

T.x=t+lL,y=12+3

d_y=£l.3.-_—]when[=—]_
dx 1

d’y

P

Concave upward

Section 10.3 Parametric Equations and Calculus 1017
3
8. x=0+5+4,y=4
b _ dyjdr 4
dx  dxfdt 2t +5
df 4 } _8
d’y _d|au+s| _(u+5) -8
dx? dx/dt 2+5 (2t +5)
Att = O,-dl = i
dx 5
2
At ¢ = 0,-‘{—{- -5
dx 125
Concave downward
9. x =4cosf,y = 4sind
dy dy/dd 4cos®  —cosf
— = = - = - = —cot 6
dx- dx/d6 -4sin@ sin8
d
dy }5[_““ 0l o -1 1
—L = = — = — = ~-—csc’ 6
dx? dx/d@ -4sind 4sin’6 4
Aag=2 % _
4" dx
d%y -1 -2
— 3 ='
a4 (2)2) 2

Concave downward
10. x = cos@,y = 3siné

f)_’ = M =-3cotd - % is undefined when

dx -siné .
9 =
2 2 _ 2
%x_)z_’ = 3‘&5‘2 = ——3—5 . %x—f is undefined when
—sin sin
e =

Neither concave upward nor downward
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1018 Chapter 10 Conics, Parametric Equations, and Polar Coordinates’ -

1. x =2 +sech,y=14+2tan @ 15. x = 2cot @,y = 2sin? @
dy _ 2sec’d d _Asinfcosfd o ap
dx secOtand dx -2 csc? f
=zsece=2csc¢9=4when€=£. i At _i,é, 0=-2£,an .dl=3_\/§
tan @ 6 : J32 3 dx 8
[dy] . ‘ 333 2
d% . -2 =27 -~
.‘fl _ Yax]  -2cschcoto Tangent line: y > 3 X + NG
2 T X
« = wefmd 33 -8y +18 = 0
3 T At(0,2), 6="ad? -0
= -2cot’ @ = ~6/3 when 9 = Z. : (0,2), —Z’an PG
6 .
Concave downward Tangent line: y -2 =0
: 1 o dy _ V3
12. x=Vt,y =i -1 At(Z\/-Z‘;,E), 0 =gamd—= -~
dy _ 1/(2 Vi 1) N o Tangent line: y - 1 —ﬁ(x - 2\/-37)
- = = = +/2 whent = 2. 2 8
& () V-1 .
V3x+8y-10=0
2y [NTT(E) = iy - 1)/ - 1)
-3 = 16. x =2-3cosf,y =3+ 2sind
& y(2v)
dy 2cos8 2
-1 , == ——— = —cotf
=-——3/2=—1whent=2. dx 3sind 3
(t-1 dy
At (-1,3); @ = 0,and = is undefined.
Concave downward dx
o Tangent line: x = -1
13. x = cos’ 4,y = sin’ @
' yE At(2,5), 6= —’25 ande—y = 0.
dy _ 3sin?6fcosd z
L _ 2SN TCSE | _n6 = —Iwhend = Z. ine: y =
&  3cos’Osng | whene =7 Tangent line: y = 5
ﬂ_ -sec?d 1 At fl_"'_:_,’__‘/_g,z’ 0:7—”,andﬂ=v-zi/—3—.
dx*  -3cos’@sind®  3cos* Gsinf 2 6 dx 3
sec*@cscd 42 7 Tangent line:
= =3 when6 = 7. ' 23 4433
3 3 4 S 2= .
Concave upward 3 L 2
2\/§x—3y—4\/——3=0
4. x =0 -5sinf,y =1-cosd
dy sin @
Do Y gwhend = 7.
dx 1-cosé when 4
[(1 - cos 8) cos 6 — sin? o]
d’y _ (1~ cos ) .
dx® (1 - cos®)
= — -1 > = —lwhen6= .
(1 - cos 8) 4
Concave downward
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18.

19.

x=1£-4
y=1t2-2

At (0,0), 7 = 2,

&l&

Tangent line: y=—=x

2y -x =0

A3, -1 =12 <0,
dx

Tangent line: y=-1

y+1=0
A3 =122
dx
Tangent line: y=3=2x+3)
2x-y+9=0
x=t'+2
y=0£+1

dx  dx/dt 45

At (2,0),¢ = 0, % undefined.

Tangent line: x = 2 (vertical tangent)

dy
AB-2r=-12 =
Tangent line: y + 2 = —(x - 3)

y=-x+1

& _B

At (18,10),1 = 2, :
e 32

Tangent line: y - 10 = %(x - 18)

13 43
= ) o —
32 16
x=6L,y=1+4,t=
(a), (d) 8
-8 Je 10

(b) Att =1,(x,y) = (6,5),and
b b, b ]
dt dt ’

dc 3

(c) y—5=§(x—6)

1
=—x+3
=3

Section 10.3 Parametric Equations and Calculus

20.x=t—-'2,y=l+3,t=1

(a), (d) z

() Att =1,(x,y) = (-1, 4), and
& _ b _ b
dt dt dx
(© y-4=—(x+1)
y=-x+3

!
1
L

2 x=2 -t +2,y =10 -3t =-1
(a, (d) J

/

t.2) )

y I/‘7 N
r7

N,

",

|

(b) At £ = —1,(x, y) = (4,2),and

E_ 3y oY
dt dt
(©) % = 0.At (4,2),y - 2 = 0(x - 4)
y=2
22. x=3t-2%y=2%"¢= —:‘—
(a), (@ 10
//
-8 9

1 1 1
(b) At ¢ = Z’ (x, y) = E’ 4),
dx _Sdy 3dy 32 3
& 2d 2d 52 5
dy 3 11 1 1 3 11
© % =5 (T’Z)’Y‘T 3( E)
313
Y= w0

1019
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j020 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

23. x = 2sin 2t, y = 3 sin t crosses itself at the origin,
(x») = (0,0).
At this point, t = Oor ¢ = 7.

dy _ 3cost
dx  4cos2t
At ¢ = O:Q = —3-and y= 3x. Tangent Line
_ dc 4 4
Att =7, & =~—and y = —=x, Tangent Line
dx 4

24. x = 2-rmcost,y = 2t — «sin t crosses itself at a

point on the x-axis: (2, 0). The corresponding -values

are ¢ = t7/2.
d—y=2—zcost,£=7rsint,iy—=w
dt dt dx msint
Att=£:d—y‘=£;
2 d&x 7
. 2
Tangent line: y - 0 = =(x - 2)
z
2 4
y==x-—
7 7
Att=—£:@=—3.
2 dx /4

Tangent line: y - 0 = —g(x -2)
T

y=——x+—
T T

25. x =t -1,y = * - 3t — | crosses itself at the
point(x, y) = (2,1).

At this point, t = —lor ¢ = 2.
dy _ 3% -3
dx 2t -1
dy .
Att = -1,— =0and y = 1. Tangent Line
dx
Att = 2,%=§=3‘andy—l=3(x—2)or
y =3x-5.

Tangent Line

26. x = £ ~ 61, y = * crosses itself at (0, 6). The

corresponding t-values are ¢ = /6.

&
dx 3t° -6
Att=~/€,ﬁ'§’-=ﬁ=\/g

= —x+6
y 3 x
dy 26 J6
Att = -6, =~ = - —— = —=_
Ve dx 12 6
Tangent line: y = —{9x+ 6

27. x =cos@ + Osinh,y =sinf - Gcos b

Horizontal tangents: —% = @sin @ = 0 when

@ = trx,+27, +37, ...

Points: (~1,[2n - 1]x), (1, 2n7) where n is an integer.
Points shown: (1, 0), (-1, z), (1, -27)

Vertical tangents: ;—JZ = @ cos @ = Owhen

0 = +Z 437 .57
2 2 2
Note: 6 = 0 corresponds to the cusp at (x, y) = (1, 0).
Q=9—Sﬂ]—0=tan9=0m6=0
dx BGcosl -
n+l -
Points: (al) N ) (in - ])”, (—I)"”]

Points shown: f—,l A -3_”,_1 ,(5_ |]
2 2 2

28. x =26,y = 2(1 ~ cos 0)

Horizontal tangents: Z—; = 2sin @ = 0 when

0 =07 +27,...
Points: (4nz, 0), (2[2n = 1=, 4) where # is an integer

Points shown: (0, 0), (27, 4), (4, 0)

‘Vertical tangents: L = 2 # 0;none
do
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29. x=4-t,y=12
. dy
Horizontal tangents: i 2t = Owhen ¢ = 0.
Point: (4, 0)

Vertical tangents: % = -1 # 0 None

30 x=t+Ly=12+3

dy

Horizontal tangents: o =2t+3=0whent = _%

;—‘F'-F'H
e
~

3. x=t+4,y=1 -3t
Horizontal tangents:
%=3t2-3=3(1—l)(t+1)=0:t=il

Points: (5, -2), (3, 2)

Vertical tangents: %’:— = 1% 0 None

N.ox=22-t+2,y=0 -3t

Horizontal tangents: % =32 -3 = Owhen ¢ = %I.

Points: (2, -2),(4,2)

Vertical tangents: & =2t-1=0whent = l
dt 2

Point: [z, ——I-l)
4 8

3

waf
» / ™,
R

2,-2)

@

=3

Section 10.3 Parametric Equations and Calculus

1021

33. x =3cosf,y =3sind

Horizontal tangents: % = 3 cos & = 0 when
3z

>

Points: (0, 3), (0, -3)

0==%,
2

Vertical tangents: % = -3sind = Owhen 8 = 0, 7.

Points: (3, 0), (=3, 0)

4

0.3
1 / h\i
6
Sl ol D)
1 ,(‘". t

(O

-4
34. x =cosf,y = 2sin 20

Horizontal tangents: % = 4 cos 260 = 0 when

r 37w Sxm In

4 4 4 4
l;oints: (\/—5-, 2} (—ﬁ, —-2], [—ﬁ, 2} (ﬁ —2)
2 2 2 2

Vertical tangents: 5—;— = —siné = O when § = 0, 7.

Points: (1, 0), (-1, 0)

35. x=5+3cosf,y =-2+sind
Horizontal tangents: Q =cosfd =0= 0 = —75,
dt 2
Points: (5, -1), (5, -3)
. dx .
Vertical tangents::; =-3sinf@=0=>60=0,rn
Points: (8, -2), (2, -2)

1

tS.—1) !
' t
[

h d
Jv 7 .23 i
(2.-2) T (8.=2)

-5
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1022 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

36. x = 4cos’ @,y = 2sind

Horizontal tangents: % = 2cos @ = 0 when

9=23"
2’2

Because dx/df = Oat z/2 and 37/2, exclude them.

Vertical tangents: g—; ~8 cos @sin = 0 when

0 =0,nx
Point: (4, 0)

4

4,0y

37. x =secH,y = tan 6
dy

Horizontal tangents: T = sec? # = 0;None

Vertical tangents: % = sec @ tan § = O when
x =0,
Points: (1, 0), (-1, 0)

4

. ~
AN }/"

E)

38, x = cos?’f,y = cos b
Horizontal tangents: -g'—;— = —sind = Owhen x = 0, 7.

Since dx/df = 0at these values, exclude them.

Vertical tangents: ‘% = —2.cos @ sin @ = 0 when

g=x37
2’2
(Exclude 0, 7.)

Point: (0, 0)

2

- .

~

0.0

-2

dr 1 1
dy _ a2 6|l 376 _ 62 +2
dx? dv/dt 6t 361°

Concave upward for ¢ > 0

Concave downward for ¢ < 0

40. x=2+2y=12+1

2 .
b _ 2+ 3, , .
dx 2t 2
dy _32_3
dx? A A

Concave upward for ¢t > 0

Concave downward for ¢ < 0
41. x=2%+Int,y=2t—-Int,t >0

dy _ 2—(1/1)'_ 2 -1
d 2+(fr)  2+1

d’y _ (e+1)2-(2r-1)2 (2+1)
: t

dx’? (2 + 1)
4t &
@+17 2041 (41"

d%y

Because ¢ > 0,—= > 0
dxz
Concave upward for ¢+ > 0

2. x=t",y=Int,t >0
dy _ 1t 1

&
»
e

]

dy ¢ 1
dx’ 2 24
2

Because ¢ > 0,51—)3- <0
dx2

Concave downward for ¢ > 0

43. x =sint,y =cost,0 <t < nx

d sin ¢
.._Ji = ———— = —fant¢
dx cost -
d’y  sec’t 1
dx? cos ¢ cos’t

Concave upwardon zf2 < t < 7

Concave downwardon 0 < ¢t < 7/2
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44.

45,

46.

47,

x=4cost,y =2sint,0 < ¢ < 2x
dy _ dyjdt _ 2co'st _ —-l—cott
dx difdt —4sint 2
dl 1
d2y 2—[’-— cot t:| —cscc t 1
‘& dax/dt  -4sint  8sin’¢

Concave upwardon 7 < ¢ < 27

Concave downwardon 0 < ¢ < 7

x=3+5y=7T-2t,-1<1t<3

[
]

[ ( oNGE
j‘_}] No+da
34, = 413 ~ 14422

it

—/

x=6%y=2%1<t<4
& _ th,idZ = 6¢*
dt dt
= L&)+ ()

= I. 14482 + 3614 dt

= _[:61\/4 + 12 dt

3274
=|2(4 + ¢ ]
24+ )" ]

= 2207 - 5%2)

= 70/5 ~ 156.525
x=e'cost,y=e"'sint,0 < %
dx i d_y ~t H
—_—= - Sint + cost),—— = e {(COSt - sint
dat ¢ ( ) dt ( )

“
]

e
(&) + (%) «
[ i = 2|

- [-v2]"
= V2(1 - )~ 112

e”'(-1)at

Section 10.3 Parametric Equations and Calculus 1023

48. x = arcsint, y = ]nVl—tz,OStS%

dx 1 dy__l(-—ZtJ_ ¢

- (%) (&) «
0 dt dt

_ .‘-1/2 1 ‘= 12 1

(l_tZ)z o l—tz

1/2
- [_1 n ]
2 0

1,(1 1
= —1Inl=!| = - m(3) = 0.54
2 "(3) 7 InG) ~ 0349

t-1

t+1

dx 1 ay
49. x = —3t—1—_——_-_3
* \/_y dt 2\/— dt

1 1 p1a/1+36
5= j‘;, ’4—t+9dt =EJ‘;_\7;_‘[‘dt
=%j: 1+ 42 du
= l[ln(\/l +u? +u)+u\/l +u2:|
12 0
1
=E[1n(\/§7+6)+6\/3—7] ~ 3.249

6

§0. x=¢ty=

719
240

o1 £ 1 T
= [fli+ =t =|—-—
L(z 2t") [10 6:3]

51. x = gacos® 8,y = asin® 6,% = —3a cos® @ sin 6,

& _ 3a sin® @ cos 8
do

s = 4[”/2 /9% cos* @sin? 6 + 9a® sin® @ cos? 6 dO
0 ‘ )
- lzaj:” sin @ cos Ox/cos?0 + sin® 6 d6

= 6a [ sin 20 d6 = [-3a cos 20]7" = 6a
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1024 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

dx
52. x = acosf,y = asinf,— = —asin b,
YT ARy 46
4

0 = acosd

S =4[" Jasin? 0 + a* cos? 0 db

= 4a[" 40 = [4a6]" = 270

53. x = a(f - sinB), y = a(l ~ cos 6),

%: a(l—cosﬁ),j—; = asin @

s = 2]0” \/az(l — cos 0)2 + a%sin? @ do
= ZﬁaI:
P iné@
a'[° 1+ cos @

= [—4\/5a\/1 + cos 6]: = 8a

54. x = cosd + Osinf,y = sin@ - 6 cos b,

1 - cos@ db

ﬂ = fcos b
do
iy— = @sind
de

S = [ \J67 cos? 6 + 6% sin? 6 b

221!

= ["odo = |%| -2
[ 20

55. x = (90 cos 30°), y = (90 sin 30°) — 16¢2
(a) 35

0 3 240

(b) Range: 219.2 ft, (r - ;165_)

©) g{ = 90 cos 30°, Q = 90 sin 30° - 32¢
dt dt

y=_0fort = ﬁ
16

s = [V J(90 cos 30°) + (90 sin 30° ~ 321)° i
~ 230.8 ft

56. y = 0= (90sin@) =162 = ¢ = 0,-]9—gsin€‘

s<
Il

(90 cos )t = (90 cos 0)—193 sin

2 2

0 sin @ cos 8 = 20 sin 260
6 2

2
#(6) = 2 2c0s20 = 0= 9 =
%

ENEE

By the First Derivative Test, 8 = %(45") maximizes t
range (x = 253.125 feet).

To maximize the arc length, you have

ix_ = 90 cosé, EIZ = 90sin 8 - 32¢.
dt dt

]

(90/16)sin & 2 . 2 :
IO - \/(90 cos 8)" + (90sin 6 - 321)° g

2025 . 2025 1+ sin @
= ——sind + cos® @ In| ————
I -sind

Using a graphing utility, we see that s is a maximum of -
approximately 303.67 feet at 6 ~ 0.9855(56.5°).

4 42
57. x = , Y =
S EEIE G
(@ x>+ =4xy
6 \\‘ f’? 6
\,
"

ay  (1+ ﬂ)(s:) - 412(3t2)

b) =< =
® (7]
= M = Owhent = 0ort = /2.
(1 + t3)
Points: (0, 0), 4‘33/5, 4\33/2 ~ (1.6799, 2.1165)
3 ’ 3 2
© S=2_‘: 41 -2%) 4(2-r)

(o) | | e ey

= ZI;\/(I :63)4'[13 +AC -4 - 4P 47 1]

_8-‘-1\/ts+4t(’—4t5—4t3+412+|
0

(1 + 13)2

dt = 6.557
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(b)

(©

59. (a)

(b)

(c)

Section 10.3 Parametric Equations and Calculus

=4cotf = —i-;,y = 4sin20,——£ <9<z
n 6 2
. ‘
ﬁfﬂ/ﬂ \\x
-2
@ = 8sinf - cos @
dé
@ —4csc? @
de
Q: 0foré = O,i-ﬁ
dé 2

Horizontal tangent at (x, y) = (0, 4)(9 = i-—)
(Function is not defined at d = 0)

Arc length over % <t < %:4.5183

x=1~sint 2
=1~ cost -
P
0<t<2z7 4 _\\.]
- KL
1
x = 2 - sin(21) :
y = 1- cos(21) af/”“\\
0 S t ..<_ T - \ S

The average speed of the particle on the second path is
twice the average speed of a particle on the first path.

3 - sin(—‘z-t)

I- cos(%t)

X

y

The time required for the particle to traverse the
same path ist = 4.

1025

60. (a) First particle: x = 3cost,y = 4sint,0 <t < 27

f/\\i
L/

B il
-4
Second particle: x = 4sint, y = 3cost,

0Lt <27

ol A

(b) There are 4 points of intersection.

(c) Suppose at time ¢ that

3cost =4sint and 4sint = 3cos¢

=3
tan t = e
Yes, the particles are at the same place at the same

time for tan ¢ = 2.1 ~ 0.6435,3.7851. The
intersection points are (2.4, 2.4) and (-2.4, —2.4)

tan ¢ =% and

(d) The curves intersect twice, but not at the same time.

61. x

62. x

R
dt

t+2,g)—}=
dt

N (R N
? ‘
27:\/ﬁ[5 + 21]

0

22/10[8 + 8] = 32/107 ~ 317.9068

—ltz ﬂ—i

4 dt 2

=t+3,‘£1¥—=1
dt

27 [} (¢ + 3) G)z +1dt

2
27, (e + 3) -tz+ldt

Q

114.1999
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1026 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

63.x=c0526,%=—~2cosﬁsin€ 66. x = =4- th: 1‘3; -2
d .
y=c0s6,~ = ~sin 0 @ S = 27:_[:(4 oUW ddr
; 2
S =2z I:/z cos B[4 cos? @ sin® @ + sin® 6 df = [2\/37:(4t - tz):lo = 87/5
= 27!]0”/2 cos 6 sin 6+/4 cos® 6 + 1 d6 () S = 2,,]’02,\/1 Y ad = [ﬁmz]z = 475
(5</5 - 1)z . ,
= 5 67. x = Scosf — = ~5sin &
~ 5.3304
y = Ssin 0‘—1')i = 5cos 8
” d6
64. x=60+sinf,— =1+ cos@ -
do § = 21" 5 cos 625 5in? 6 + 25 cos’ 6 d
y=0+cos€,ﬂ)-=l—sim9 /2
de = ]OIII 5 cos 6 do
/2 2 2 °
S=2r7 .[0 (6 + cos 6)\/ (1+ cos8)” + (1 -sin6)” db = 50zfsin H]Z/z _ 507
=2 _[0”/2 (6 + cos )/3 + 2 cos @ - 2sin & dO [Note: This is the surface area of a hemisphere of radius 5]

~ 23.2433 1 .
68. x = -§t3,y =¢t+1,1< ¢t <2 yaxis
dx
65.x—2t,;t-—2 _d_x_=t2€.¥_=l
dt " dt
y =3 Z}; =3 i i
32
S = 27:[12 -3-t3\/t4 +1dt = %[(x" +1) ]
3

@ S =2z 3/4+9d ‘

L = 39’-(173/2 - 2¥?) ~ 23.48

2
- oV o = 6\/57{%) PN

L~ Jdo v
®) S = 27:[03 2JE+ 9 dr

-

- /|2 4\/@@) - 18JT3r
L < Jd0
69. x = acos’ 8,y = asin® H,Ex— = —3acos’ Gsin b, @b _ 3asin® @ cos 8
do do |
w2z g 2. A2 2 i d 2 |

S = 47rj'0 asin 0\/9a cos* @sin® @ + 9a* sin® @ cos* 6 db

12a27rr/2’sin" 6 cos 0 do = ]2—7”-1—[ 5 0]”/2 = E7r
0 5
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70. x = acos b,y = bsin@,% = -asine,% = bcosf

@ S = ax [ bsin 6/’ sin? 6 + b7 cos? 6 do
i 2 _ 12
= 4”.[ ™2 ab sin H\jl - [a 2b
0 a
_ T2abz [e cos O4f1 — e cos® 8 + arcsin(e cos 6)]’r
0
) a* - b?
[ a*>-b ¢ - )
e = ———— = —! eccentricity
a a

() S =4r J;/Za cos 0\/a2 sin? @ + b? cos? @ df

- 47:]'0’”2 acos OJb? + c2sin? 0 df =

27ab?

= 27a® +
Ja* -
7 dy _ dy/dt
T dx/dt

See Theorem 10.7.

72.x=t,y=3:>d—y=0
dx

73. x =

|
s
<
[
(=)
=
!
W

74. s

[}
S—y
Vo
& (&
%
+
/N
8|S
%
1

See Theorem 10.8.

2 2
75. (@) S = 27 j" g() (%j + (-;‘%] dt

(b) S—27z’I 1) [ ] [‘jt’] dt

= 27a® +(ﬂb)
e

76. (i) (a) % < 0 and -% < 0 from the graph.

Section 10.3 Parametric Equations and Calculus

—dabr '1:/2 (~esin @)y/1 - €* cos® 6 d
e

= 2ab7t|:e\“ -t + arcsin(e):l
e

e
2 [ 2 _ 12
27bh* + [—ﬂb——] arcsin{-—a—b—] = 27b* + Zfr(gll) arcsin(e)
a e

c cos O/ b* + c? sin*6 do
= —2—-—[5' sin Hm + b In|csm0 + m
=2—-[ @ 4B ne 4 N8P+ |- bzlnb]

o+t N

b

72
[

+e

l1-e

So, dy > 0 because —— = / d
dx dx/dt
(b) % > 0 and % < 0 from the graph.
So, ﬁ < 0 because iy. = M
dt dx  dxfdt

" dx dy
i) (@ — < 0 and = > 0 from the graph.
(ii) (@ 7 and -~ grap

So L < 0 because — & dy / di
dt dx dx/dt

dy

& dy
(b) y > 0 and

_ dy/at

So, -di >0 because
dt dx dx/dt

102

= > 0 from the graph.
i grap

77. Lety be a continuous function of xon a < x < b.
Suppose that x = f(¢), y = g(t),and f() = a,
f(t2) = b.Then using integration by substitution,

dx = f'(t) dt and

[\yax = f,'f g(t)/'(t) at.
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1028 Chapter 10 Conics, Parametric Equations, and Polar Coordinates

78. x = rcosg,y = rsing 80, x

=2cotl,y = 25in20,% = —2csc’ @
ZﬂI:r sin gzﬁ\/r2 sin® ¢ + r? cos® ¢ d¢

t
H

4= 21:/2 (2 sin? 9)(—2 csc? 9) dé

2 [ .
27r* IO sin ¢ d¢

S 0
= -8 d6 =[-8, =

[——Zm'2 cos ¢]z
27r*(1 - cos §) 81

mab is area of ellipse (d).

82. %ﬂa2 is area of asteroid (b).

83. 67a?is area of cardioid (f).

84. 27a?is area of deltoid (c).

85. %ab is area of hourglass (a).

79.

2sin* @ 86.
2sin® 4 tan

2rmab is area of teardrop (e).

4 sin @ cos 0

3% < .

b
I

,[0”/2 2 sin® @ tan G(4 sin 6 cos 6) d6

81 sin* 6 do

Cein3 /2
g/ S v coso 0cose~%sinﬁcosa+%ﬁ ==

8. x=~Jt,y=4-10<t<4

2 ‘ | 1pa, o I 2 A 16
ondx= j0(4—f)-2'$dt=5j‘0(41 V'"‘Il/z)d’-': '2‘(8\/;“51 1] =—3‘

4
- I ¢2 3 ¢4 1 3 4 3 t 3 .
= — dx:-.. 4_ —_— d = — 4 — = _.4 —_ - —
X AIO ¥x ]6-[0( Wt /] t > IO( 1) di o t } n

1 r2y? 3 e 2 | 3 3 8
== d="| (4-1Y—=dt = 16072 — g2 4 t’/’ dr = =|32 ——1 t+—t2 ==
R 3210( V3T 64“ 64 Vi ‘[ 5

&5 -(33

© 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.
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dx |
iy =Ji® o1 o<i<4
7 RN

A=J'\/_( 2\/5-_—) _[\/:l—_udu=—[u\/_:—z_t.+4arcsin§]:=7r’
Let u = /4 — ¢, then du = —l/ 2\/_—— dtand i = \[_

i)t [£3]-2

o

*®
%
i

=
]

0
5= LV 1 1 o ¢ 1|{-2(8 +1) 8
= — )| ———dt = ——| ———dt = ——| ——Sh | = —
Y 272-[“( )( 2\/4—1] 472"[“ V4 -t 47![ 3 , 3
— 8 8
(%.7) = (37[’3;)
89. x =6c¢cosb,y = 6sinf,— = —65sin 8 db 90. x =cos8,y = 3sinf,— = —sin @
do do
0 . 2 . 0 . .
vV =2n L/z (6 sin 8) (=6 sin B) d6 V= 2”-[”/2 (3 sin §)*(~sin 0) de
_ o ., B o ., :
= —4327 L/z sin® 6 d6 = 187z j”/z sin® 6 df
_ O N 3 70
= 4327:_.‘”/2 (I cos 9) sin & d6 _ _‘8”[_(:059 4 cos 6’] - 127
3 470 /2
= —432#[—0050 + 8 H:l
3 /2
= —4327] -1 + %) = 2887
Note: Volume of sphere is g-n'(63) = 288x.
91. x = a(f - sinG), y = a(l - cos §)
(a) 3; asin 6, % = a(l - cos 6)
dy __asinf _ sin
dr  al —cosf) 1-cos@
2 — cosd L w . _ _ .
d—'r - (1 - cos &) cos & szm O(sin 6) [a(l ——cosﬁ)] _ _cosé l3 _ 1 i
dx (1 - cos6) a(l - cosd)”  a(cosd - 1)
T 7z 1 NAWY 1/2
b)Atd =D x=aZ-ly=a1-X2| 2T 943
®) 6" a(s 2]" "( 2) -3/
. V3 7 1
Tangent line: y — a(l -5 = (2 + \/5) x - a[z - 5)
© LS9 o Ging=01-cosd =0
dx 1-cosd

Points of horizontal tangency: (x, y) = (a(2n + 1)z, 2a)
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(d) Concave downward on all open G-intervals:
- (27, 0), (0, 27), (27, 47), ...

€) s = -"02” \/a2 sin @ + a*(1 - cos 0)2 df

2z

=aj'2’r 2—2cos¢9d6?=a-[2” 4Sin2-0—d0==:2a.[2”sin§-d¢9= —4acos-0- = 8a
0 0 2 0 2 2|,

92, x = /3,y =3t - %t3

(a)

0/—”"““\*/ L

., " N

-

dx dy dy 3-1¢
by Z-o/aZL-3-p22_ "L
®) dt fdt & 23t

1]

d’y 2/3()(-2t) - (3 - )23 23R -6V3 £ +3
@’ 12 23] - (20)2v3) 12

©) (xy) = \/3,% att=1.ﬂ=_2_=_\_/_—:i

& 23 3
5
-y
V3 .5
YETFETS

@ s=[ 122+ 0= ar= V-6t +or128d = \J(#+3) ar= [ (¢ +3)dr =36
() S = 27zj03(3t - §t3)(t3 + 3)dt = 81z

93. x

t+u=rcos@ + rfsinf
r(cos @ + Gsin )
y=v—-w=rsinéd - rfcosf
r(sin @ — & cos )
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