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"Section 10.3 Polar Functions (pp. 548-559) pra
(a) x=x/Ecos 2 =1
Exploration 1 Graphing Polar Curves
Parametrically y=+2 sin( E] =1
See text page 551. 4
1,1
Quick Review 10.3 @1
(b) x=1cos0)=1
1 x=4 cos30=23 1 sin ©)=0
y=4 sin30=2 (yl » -
(245,
i1
(c) x=0 cos(—) =0
2. A= 20 (6 2 =3z 2
360 360
y=0 sin(f) =0
3. a=n B L)Ly @2-dn 2
8\2x ) 16 0, 0)
4. x> +y*=25
oy (d) x=—\/2—cos(—75j=-—l
4 12 4y 172 4
5. Graph y=( 3 ] and y=—( 3 ] y=—\/§sin(%)=-—1
o _ dyldr _ didi(Ssine) ¢1.-b
dx dx/dt - dldt(3cost) 2.
ag
5cost 5 De
=———=-"cott c
—3sint 3 .
3
5
7. —gcot(Z) =0.763
[-9, 91 by [-6, 6]
5 w 3r
8. —=cott=0, so t=— —
3 2 o 2 (@ x=-3 cos(s—ﬂ)=¥
x=3¢os£=0 x=3(:oszr—=0
2 2 . [(Sm) -3
x 3 y=-3sin i
y=5sin—=5 y=5sin—=-5
2 2 33 -3
(0, 5) and (0, -5) Y
9, 3sint=0, so t=0 or t=nm
x=3cos0=3 x=3cosm=-3 ) x=5cos[tan_1(£))=3
y=5sin0=0 y=35sinz=0 3
(3,0)and (-3,0) y=5 sin(tan_1 (i)) =4
. : 3
10. jo JBcosn)? +(Ssint)?dt =12.763 (3,4)
Section 10.3 Exercises (€) x=-lcos 7z =1
y=-1sin77=0
1. 1,0)
uf
c
b | ‘ @) x=23 cos(%”):—ﬁ
. (2xm
[-3,3]by [-2,2] y=23sin ENE
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450 Section 10.3

* b (©) r=40*+(-2 =%2
Dl 6=tan™! (:2—):__75,2’_75, (2,..2) and(2,3_”)
sk 0 2" ) >
[-6, 6] by [-4, 4] @ r=v22+0*=%2
1[0
(@) ’=m=\/§ 6=tan (2)_0,27;
' 0 _1( 1 5t 3m (2, 0)and (2, 27)
=tan —_— =, —
(e 23] an

[-6, 6] by [-4, 4]
2n 0s6s<2m

[—2, —23-’5) and 2,—-735) . /f \
© r=v0?+32 =13 N

(3 7 s -6, 6] by [4, 4]
0 = tan (6)=E,7 0<0<2rx
3,7 | and| 3,2 ' 7.

2 ? T
@ r=y(-1)°+0% =£1 L
(0
0 =tan T =0,7 : [-6, 6] by [-4,4]
(=1,0) and (1,7) 0s6s2m
8.
4. ~
1)
AE
C
T -6, 6] by [~4, 4]
—7, Y 10,
. 9,
@ r=y(-V3) +0? =2
-1 T I
O=tan’!| — [=2, =
SIRE
Y and (2,77 [-6, 6] by [-4, 4]
"6 "6

10.

() r=\32+4% =15 ﬂm
e ND

[—5, 7+ tan”! [i]] and[S, tan™! (i]) [-6, 6] by [-4, 4]
3 3 0<0<2m




11. Cardioid

"

_/

e’

[-3,31by [-2,2]
0<0<2rm

12, Cardioid

—~
)

[-6, 6] by [-4,4]
0<0<2zm

13. Rose

[-3,3]by [-2,2]

0<osrm

14. Rose

LY

N

[-4.5,4.5] by {-3, 3]
0<0=22n

15. Limagon

()

[-4.5, 4.5] by [-3, 3]
0<0<2nm

16. Limagon

(0

W,

[-3,3]by [-2,2]
0<6<2r

Section 10.3

17. Lemniscate

[-3,3]by [-2,2]
—n/4<0<7x/4

18. Lemniscate

[-1.5, 1.51by [-1, 1]
0<0<zm/2

19. Circle

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

0<6<nm

20. Circle

[-4.5,4.5] by [-3, 3]
0<0<sxm
21. r=4c¢sc O
4

" rsin®
y =4, a horizontal line

22, r=-3secO
3
rcos@
x=-3,avertical line

23. x+y=1,aline
(slope = -1, y-intercept = 1)
24, r2=x2+y2=1,
a circle (center = (0, 0), radius = 1)
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452 Section 10.3

25. r

26.

27.

28.

29.

30.

31.

32.

33.

_ 5
sinf@—2cosf
5

- rsin@—2rcosf
y—2x =25, a line (slope =2, y-intercept = 5)

r*sin20=2

r?(25in6 cos@) =2

2xy=2

xy =1, a hyperbola

r2cos?0=r?sinf

x?= y2, the union of two lines: y=*1 x
r?=—4rcos8

x*+y? =—4x

2 +dx+4—4+y* =0

x+2)%+ y2 =4, a circle (center = (-2, 0), radius = 2)
r* =8 rsinf

x*+y* -8 rsinf+16-16=0

x4+ (y—4)? =16, a circle (center = (0, 4), radius = 4)

r=2cosf@+2sin6
r*=2rcosO+2rsind

x* +y2 =2x+2y
x-D*+(-1" =2,

acircle (center =(1,1), radius = «/5)

It is a parabola.

\/

[-6, 6] by [-4, 4]
0<0<2rm

It is a parabola.

I

[-6, 6] by [-4, 4]
0<0<2rm

It is a parabola.

*-\.\\\
7

[-6, 6] by [-4, 4]
0<0<27

34. It is a parabola.

NI

L

[-6, 6] by [-4,4]
0<0<2m

35. It is a hyperbola.

V4
AN

[-6, 6] by {4, 4]
0<0<2m

36. It is an ellipse.

T h

\____.“j

[_6’ 6] by [_43 4]
0<0<2r

37. 1t is an ellipse.

Fany

S
-

[-6, 6] by [-4, 4]
0<8<2n

38. It is a hyperbola.

N
N

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

0<6<2rm
39, r=—1+sinf
Qz %((—1+sin0) sinf)

dx 55((—1+sin0) T

Q_ (2sin@—-1)cos@

dx cos’6-sin?6~sind
At8=0:—-1
At8=m:1




40.

41.

42.

43,

r= cos 20

dy d 9 (cos 20 sin0)

dx d—g(cosZO cos0)
dy _ cosfcos26—2sinf sin20

dx —sin@cos20—2cosfsin26
At 0 =0:undefined

Ate=-L.0
2

At9=%:0
At 0 =7 : undefined
r=2- 3sin9

dy dG (2 3sinf) sin@

dx E(2—3sin9)cose
dy _ (2—6sin0) cosf
dx  sinf (3sinf—2)—3cos?
2
At (2,0):——
2,0 3

At (—1, 5) -0
2

At(2,7) :%

1)

r=3(-cos6)

dy 50 (3 (I-cos8) sm@)

dx E(?’ (1-cos8) cos@)

dy _ ~6cos”0+3cos0+3
dx 3sinf (2cosf—1)

At (1 .5, %j :undefined

(452—75) 0
3

At (6, ) : undefined
w5 )

27:1 5
J —(4+2co0s0) do
o 2

27!1 2
= J. —2—(16+1600s9+4cos 0)de
0

2
= (8+8cosf+1+cos28)do
0

1 27
= |:99+8sin9+—sin29:l

2 0
=187

2z 1 2
44, J —(2+42sin6)“ do
o 2

45.

46.

47.

48.

27[1 2
=J' ~(4+8sin0+ 4sin”6)do
0

2
=J. (2+4sin@+1-cos260)d6
0
1 27
=[39—4cos9——sin29]
2 0
=6n—-4+4=67

nl4
- (cos 20) dae
—z/a2

/4
= j cos® (20)do
0
/4
J‘ (l_'_ cos48 40
2 2
[ sm 460 :]ﬂm

r
8

1l

Il

N |

2r 1 2
J —(2sin40)" do
0o 2

2r
=| 2sin®(46)d8
0

2
= J- (1-cos860)do
0

=[e_sin89]2”
8 o

=2

14
= (4 c0s826)do
—mi4 2

/4

=sin26|" la

=2
/3 1

6J —(2sin30)d6
o 2

=-2¢0s3 9]ﬂl3

=2-(-2)=4

Section 10.3
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454 Section 10.3

27 2 w2 q ) T,
49-_[ —(3~2cost)" do 53,2 J —[2(1-cos8)]°d+ I —(2)“d#
02 0o 2 n22
2”1 2 nl2 n
=J.0 5 (@~ 12c0s6+4cos”6)do =J 4(1-2cosf+cos? 0)dO+ | 440
0 /2
e 26 |d6 I N
=), (3 6cosO+1+cos =J' (4= 8080+ 2(1+cos 20))d0+ 27t
0
2 . . /2
=[1—;0——6sin0+lsin29] =[69—8sm6+sm29]0 +27
0 =57-8
=1lr-0=11lx

n/2 3 )
5a/6 | ) 54. 4 Jo 5(2(1——0059)) de
50. J‘ 5(2sin6—1) de i
e =4I (2~ 4cos0+2cos’ 0)do
57/6 ) 1 0
=J (2sin 6——2sin9+5)d0

/2

/6 =_[ (8 —16c0s 8+ 4(1 +c0s 26)) d0

5mi6 . 1 0
=Jn/6 (l—cos26—2sm9+5)d6 =[120-165in6 +25in 26]%"

39 sin28 S7/6 =6m—16
= 7- 2 +2cosé . or

5 /6 55. J' —;—(Z(I—Sin 9))2de+j %(2)2(19

=n- %3— = 0.544 0 " .

F3
=I (2—-4sin6+2sin”6)do+ | 246
7r/41 2 0 T
51. 2J —(2sin6)%do .
o 2 =I (2—4sin@+1-cos20)d+2m
0

T
=[30+4cos6—%sin26:| +27
0

nl4 2
= J. 48in“6do
0

nl4
= J 2(1—-co0s28)do
0

=57-8
=[29—sin29]”’4 w6 | ) 2
0 56. 4 = ((4c0s26)® -2%)do
_T_ /62
"2 /6 )
=4J‘ (16cos” 280 ~4)do
/6 1 2 72§ 2 0
52.2 I —(2sin0) d9+j —(1)*de /6
0o 2 nl6 2 = 4J (8(1+cos48)—4)d6
76 /2 0
- _[ 45in2040+ _[ 1d6 6
0 7l6 = J (16 +32cos46)do
7l6 0146 P 0
= 2-2c0s20)d0+— . /6
IO (2-2cos20)db+ =[160+8sin46]7
=[26-sin20]5" + = - 8?”+4\/§

2 V3

3 2



57.

N
o/

[-3,3]1by [-2, 2]

0 < 0< xfor the circle
0 < 6< 2 for the cardioid

nﬂl 2 3
2-[ 5((3cos9) —(1+cos8)")do
0
/3 2
=J. (8cos“ 0—1-2cos8)dO
0

/3
= J (4(1+co0s20)—1—2cos0)dO
0

=[3(9+2sin29—25in0]g/3
=m+3-+3-0
=7

58.

N#

[-6, 6] by [-4, 4]
0<0<2z

T
j l(22—(2(1—sine))2)de
02
" 2
=J' (2-2+4sin8-2sin® 8)dO
0 .

T
= J. (4sin0—1+c0s20)do
0

1 A
=[—4c0s0—9+—sin29]
2 0
=4-n-(-4)
=8~

59.

)

[3,31by [-2,2]

0<0<rm

i3
f l(2sin30)2d(9
02
T .2
=J. 2sin“ 36040
0
T
- _[ (1-cos66)d0
0

1 T
[6 ——sin 69]
6 0

I

3

Section 10.3

4 (2sin 30 sin6)
Slope =

—(2sin 30 cosh)
do o=r14

_ [ 6sinfcos 30+ 2cos9sin39}
o=r/4

6c0sB cos36—2sinf sin 36
1

2

60. (a) jom( 1492 — 5%] dy

2
_ ‘”(‘” “”D+y Y4l 5y
2

2 6

3/4

=0.347

(b) x=rcos@
y=rsin@

r? (cos2 0-sin® 6) =1
r= ———1
cos’6—sin’6
(c) Letor=tan™'(3/5).
Then the area is

j“l[il )d@
0 2\ cos?9—sin%0

61. True. Polar coordinates determine a unique point.

62. False. Integrating from O to 27 traverses the curve twice,

giving twice the area. The correct upper limit of
integration is 7.

63.D.
64. E.
65.B.
66.D.
67. (a)

[-9, 91 by [-6, 6]

(b)

[-9, 91 by [-6, 6]

(c) The graph of 1, is the graph of r; rotated
counterclockwise about the origin by angle o.
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456 Section 10.3

68. (a) 20.9

Kao.8 =08

[-9, 9] by [-6, 6]
The graphs are ellipses.
(b) As k— 0%, the graph approaches the circle of radius 2
centered at the origin.

69. (a) iy
. "’?’
/ \m.: \\
[-5, 25] by [-10, 10]

The graphs are hyperbolas.

(b) As k— 1%, the right branch of the hyperbola goes to
infinity and “disappears.” The left branch approaches
the parabola y2 =4-4x.

)
— Y

[-9, 9] by [-6, 6]
The graphs are parabolas.

70. (a)

(b) As k— 07, the limit of the graph is the negative x-axis.
1/2
1. d= [(x2 —-x)*+(, —y1)2:|
2 ) .2
d=[(r2 cosB, -7 cos8,)” +(r, sind, —r; sinf,;) :|
d= I:rzz cos? 0, + 1% cos? @) +n,” sin® B, + 1% sin” 6
+2 11, cos6, cosO, +2 i, sinf, sin92]1/2

1/2
d= I:rl2 + r22 -2 nr, cos(f —92)]

72. (a)

277:1_0 Ij”a(l—cose) do = %[B—Sm(a]z" —

1 2z a 2n
(b) —Zﬂ_ojo ade_-z-;[ejo =a

1 /2 _ar. /2 =__2_(i
(© 2=(-n72) J_”/Zacoso do= ”[sme]_”/2 -

Y (&Y . 2
73. (E) +(Ee—j =(f’(0) cosO— f(0)sin0)
+(f'(6) sin B+ f(6) cos)*
= (f"(8) cos8) + (£ () sin@)?
+(f(0)sin0)? + (£(8) cos B)
= (f(6))*(cos® 6 +sin” 6)
+(f'(0)*(cos® 6 +sin? §)

2
-G+ @F =+ L)

74. joz”\/(l +c0s0)? + (—sin6)* df

= J;”\/2c059+2 de
= 2‘[:\/2cose+2 de

=2j”2cos 9)do
0 2

T
=8 sin(g)
2

=8
Quick Quiz Sections 10.1-10.3

1. A

2.C. 9=i(;3—t2—1)=3z2—2t
dat dt
32-2t=0
t(3t-2)=0
t=0,2/3

0

3.D.
4.(a) Area= %I:(9+sin 26)" d6=4.382

(b) ~2=rcosf8=(0+sin 26)cosf = 0=2.786

(c) The graph is getting closer to the origin as 8 increases
from 7/3 to 2x/3.

(d) Maximize r=6+sin20for0<8< 121:

£=1+200s 26

de
1+2c0s260=0

cos29=—l
2
p==

3
Sinced—;=1+2cos 29>0for0<0<%and

Sﬁ: 1+2cos 20 <0 for 13[-<0<%, there is a maximum

of r when 6= % by the First Derivative test. The curve

is farthest from the origin when 6 = %



