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Section 10.6 Polar Coordinates

In polar coordinates you do not have unique representation of points. The point (r, ) can be represented by
(r, ® = 2nm) or by (—r, 8 = (2n + 1)7) where nisany integer. The pole is represented by (0, 6) where 6
isany angle.

To convert from polar coordinates to rectangular coordinates, use the following relationships.
X =1TrC0osf
y=rsneé

To convert from rectangular coordinates to polar coordinates, use the following relationships.
r=+x+y2
tan 0 = y/x

If 6isinthe same quadrant as the point (X, y), then r is positive. If 0 isin the opposite quadrant as the point
(x,y), thenr isnegative.

You should be able to convert rectangular equations to polar form and vice versa.

Solutions to Odd-Numbered Exercises

1. Polar coordinates: (4, W)
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3. Polar coordinates: (—1, 577)
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Three additional representations:
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Three additional representations:

.
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9. n ]1. n
2 2
(‘/3’ % / (g "Szn)
&DJ @DJ i
Three additional representations: Three additional representations:
T T 117 37 3 37 3 7
<\/§, _E) <_\/§1 _E>1 <_ \/§- 6) (5, E>'<_E'7>’<_§’ _E>
. T . -3
13. Polar coordinates: (4, - 3> 15. Polar coordinates: (—1, 4>
_ o _ —3m\ _ V2
x—4cos< 3)—2 X = 1cos<4>— 5
. (=3 J2
y=4sin<—g> =-2/3 y = —1sm<4> =5
Rectangular coordinates: (2, —2\/§) Rectangular coordinates: <22 22)
2 x
1 2
j 0 o
2 4 6 t t 0
1 2 3
. T . . 57
17. Polar coordinates: (O, _6> (origin!) 19. Polar coordinates: (32, 2)
7T . Sm\ . . (5m\
x_0cos<—6)_o x—32cos<2)—0,y—323m(2>—32
e Rectangular coordinates. (0, 32)
y = Osin<— 6 ) =0 ,
2

Rectangular coordinates. (0, 0)

= Nly

1 2 3 6 12 18
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21. Polar coordinates: (./2, 2.36)
X = /2 c08(2.36) ~ —1.004
y = V/2sin(2.36) ~ 0.996 |
Rectangular coordinates. (—1.004, 0.996) it T —

= Nly

23. (r,e)=<2,3’j> O (xy) = (—1.414,1.414) = (-2, /2

25. (r, 0) = (—45,1.3) O (xy) = (—1.204, —4.336)

27. Rectangular coordinates. (—7, 0) 29. Rectangular coordinates: (1, 1)
r=7tan6=0, =0 rzﬁ,tanezl,(?:%
Polar coordinates; (7, w), (—7,0) 5
Polar coordinates: <ﬂ 71-), <—ﬁ, =
y 4 4
5T y
4
3+ 3
2 L
14 27
-9-8 -7-6-5-4-3-2-1 ,,4‘1—> * 1 ®
2 —t—t X
:z : -3 -2 -1 a1 1 2 3
51 -2
Sl
31. Rectangular coordinates. (-3, 4) 33. Rectangular coordinates: (—/3, —/3)
- /O0x 1@ — =4 g~
r= 9+16 5, tan 6 3,0 2.214 r=\/3T=\/é,tan0=1,0=E
Polar coordinates. (5, 2.214), (—5, 5.356) 5. -
Polar coordinates: | /6,—|, | —/6,—
y 4 4
5+ y
° 44 3+
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32 | 12 s T
,1, o _2 +
sl




508

PART I: Solutions to Odd-Numbered Exercises and Practice Tests

35. Rectangular coordinates: (4, 6)

39.

43.

45,

51.

r=16 + 36 = 2./13,tan 6 =

3
> 0 =~ 0.983

37. (x,y) =3, -2 O r=J/F+(-22= /13
6 = arctan(—5) ~ —0.588
(r, ) =~ (13, —0.588)

Polar coordinates; (2./13, 0.983), (—2./13, 4.124)

y

B N W A OO
: N } L L L
t t t t t t

111> X
1 2 3 4 5 6 7

xy)=(v3,2) O r=J/3+2=/7

6= arctan(

(r, ) = (/7,0.857)

(%y)=(0,-5 O (r,0) = (5 —-1571) = <5,

(@ x*+y>=49

r2 =49
r=17
(b) X2 +y?2=2a? (a>0)
r=a
@ xy=4
(rcos@)(rsing) =4
r2cosfsing = 4
r2(2cosfsin ) = 8
r2sin20 = 8
r2 = 8csc 26
(b) 2xy = 1

2(rcosO)(rsng) =1
r(2cosfsing) = 1
r2sin26 =1

r2 = csc 26

54 5\2 4\2 17
41 =23 o r=_/[2) +(2) ==
=33 0 =G () =%
2
~=|=o0857 4/3
ﬁ) 0 = arctan| =~ | ~ 0.490
arcan5/2
17
(r, 0 = ( 0.490)
6
_E>
2
47. (@ x2+y2—-2ax=0 49. (a) x=12
r2—2acosf =0 rcosg =12
r(r — 2acosg) =0 r=12sec
r=2acosé (b) X=a
(b) xX>+y?—2ay=0 rcosf =a
r2—2asing=0 r=aseco
r(r—2asing) =0
r=2asné
53. () y?=x3
(r sin 6)?2 = (r cos 6)3
sin” 6 = r cos® 6
_sn?g .,
r_cos30_tan 6sec o
() 32 = y?
(r cos )2 = (r sin 6)®
cos?f =rsind g
_cos?h .,
= gmig ~ O ocsco
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55. r=4sné 57.
r2=4rsné
X2+ y? =4y

XX +y>—4y=0

61. r=—3csch
rsng= —3
y:_

65. r=2sn30
r=23sn6— 4sin® )
r=6r3sinf — 8r3sin®0

0 + y?? = 6(¢ + y2)y — 8y*
(0 + y?)? = 6%y — 2y°
6
69. =0
' 2—3sn6
r2—-3sinf) =6
2r=6+3rsng
2(+ /5 +y?) =6 + 3y
4(x% + y?) = (6 + 3y)?
4x2 + 4y?> = 36 + 36y + 9y?
42 — 52 — 36y — 36 =0
an
73. =—
0 4 y
T 5T
tan6=tanz )
N
X:]- —t—rt X
X -3 -2 -1 1 2 3
/1
y =X Ll
XxX—y=0 -3

77. True, the distances from the origin are the same.

50. r=4
r2 =16
X2+ y2=16

63. r2
r3
(x2 + y2)3/2

X2 + y2 = x2/3

cos 0

r cos 6

Il
x

(X2 + y?)3 = x2

1
or. " T 1-cose
r—rcos6é=1
S yi—x=1
X2+ y2=1+ 2x + x?
y2=2x+1

71. r=3 y

r2=9
X+y*=9

-6 -4

-6+

75. r=3seco y
rcosf =3 sl
X=3 2+
x—3=0 T

~
\

-4+

-2 -1 1
-1+

-3+
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79. (& (ry, 6,) = (X, y,) wherex, =r, cos 6, andy,

(ry, 6,) = (X, Y, wherex, =r,cos6,andy,

=r,8n6,.

=r,8n 6,.

Then x,2 + y,2 = r,2c0s? 6; + r2sin? 0, = r,2 and x,2 + y,2 = r,2 Thus,

d= VX — %)+ (y; — ¥o)?

= VX% = 2% + X2 + Y — 2y, + VP

(%% + Y12 + (%7 + ¥,7) — 2(x%, + YY)

r2 +ry2 — 2(ryr, cos 6, cos 6, + rr,sin 6; sin 6,)

= Jr2+r,2—2r;r,cos(0; — 6,).

(b) If 6, = 0,, the points are on the same line through the origin. In this case,

d=Jr2+r2—2rr,co80) = J(r; —r)2=r, —r,|.
(c) If 6, — 6, =90°,d = /r,? + r,2 the Pythagorean Theorem.

7 4
(d) For instance, (3, g) <4, g) givesd = 2.053 and(—3, 77), (—4, ;) givesd = 2.053. (same!)

81.D=‘_§ _z‘=5—212—16
DX=‘__1; _Z‘:—11—21=—32
Dyz‘_g __1;‘ 15 - 33= 48
x=%—:7‘15(23—2

85. (x + 5)8. ax® = 175,000x3. a = 175,000

6
3 -2 1
8. D=2 1 -3 =35
1 -3 9
0 -2 1
D=0 1 -3 =40
8 -3 9
3 0 1
D=2 0 -3 =88
1 8 9
3 -2 0
D,=12 1 0/=56
1 -3 8
L _D._40_58
3B 7
y: = —

0\P 0|9 oo
®
&

87. (2x — y)*2. ax’y® = —101,376x"y>. a = — 101,376



