
11.3 Polar Coordinates,~

1. (a) By adding 27r to ~,we obtain the

point (1, ~). The direction

OPposite 2!: is ~ so (-1 ~ ) is a2 2 ' , 2

point that satisfies the r < 0

requirement.
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X = 3cos1! = 3(0) = 0 and X = 2,.12cos~
2 .

Y=3sin~=3(1)=3giveus =2,.12(-~)=-2and X=-lcosf=-~and

the Cartesian coordinates (0,3). y == 2,.12sin~ = 2,.12(-32) = 2 y = -lsinf = -4 give

. ( 1 -"i.)give us (-2,2). us -2'- 2 .
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(b) (-2,i) (c) (3,2)

(2,¥),(-2,~) (3,2 + 21/") ,( -3,2 + 1/")

(b) (2, -f) (c) (-1,-~)
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(b)

PARAMETRIC

4. (a)

x = 2cos~ = -1 and

y = 2 sin ~ = .;-3 give

us (-1,V3).

r = y12 + 12 = V2 and () = tan-l (t) = f. Since (1,1) is in the first quadrant, the5. (a) x = 1 and y = 1 =>

polar coordinates are (i) (yf'l", ~) and (ii) (-yf'l", ¥).

r = vi (2yf3)2 + (-2)2 = ~ = Ji""6 = 4 and(b) x = 2.;3 and y = -2 =}

8 = tan-l ( -~) = tan-l ( -~) = -i. Since (2V3,-2) is in the fourth quadrant and 0 ~ 8 ~ 27f,the

polar coordinates are (i) (4, ~) and (ii) (-4, ¥).

6. (a) (x, y) = (-1, -v'3). r = Vf+3 = 2, tan 8 = y/x = v'3 and (x, y) is in the third quadrant, so 8 = .if.

The polar coordinates are (i) (2,¥) and (ii) (-2,~).

(b) (x, y) = (-2,3). r = ./4"+9 = Ji""3. tan 0 = y/x = -! and (x, y) is in the second quadrant, so

0 = tan-l(-~) +7r. The polar coordinates are (i) (Ji""3,O) and (ii) (-Vf3,O+7r).

7. The curves r = 1 and r = 2 represent circles with center 0

and radii I and 2. The region in the plane satisfying

1 ~ r ~ 2 consists of both circles and the shaded region

between them in the figure.

8. r ~ O. 7r/3.$ ().$ 27r/3

(c) 9. The region sa

-7r/2 ~ () <

r = 4 nor the31T

(4. 311') 0

x = 4cos37r = -4 and

y = 4 sin 37r = 0 give

us (-4,0).

x = -2cos(-¥) ~ V3

and y = -2sin( -¥) ~ 1

givens (v'3, 1).

11. 2 < r < 3, !

13. (r,8) = (1, i)

(r,8) = (3, ¥

f[4-=~~

14. The points (rl,I

respectively. Tho

(r2 COg {}2 - r

= (r~(

= r~(E

2= rl-

so the distance b

15. r = 2 ~ V;
16. rcos{) = 1 ~

17. r = 3 sin {} ~

at (0, i). The fir

orr=3sin{}.B1
equivalent to the.

r=2

r=l



9. The region satisfying 0 :::; r < 4 and

-1T /2 S () < 1T /6 does not include the circle

r = 4 nor the line () = i.
-2 -~ ). 6

5"
6

-2cos(-~) = V3

= -2sin(-~) =: 1

s (-/3,1).

11. 2 < r < 3, ¥ ~ 8 ~ If

the first quadrant, the

and 0 $ 9 $ 27f,the

13.(r,(J)=(1,~) '* x=lcos~=

(r,(J)=(3,~) '* x=3cos~

J[~ - (-¥))2 + (! - ¥)2
drant, so 8 = ~

3 .

ladrant, so
14. The points (rl, (}I) and (r2, (}2) in Cartesian coordinates are (ri cos (}I, rl sin (}I) and (r2 cos (}2, r2 sin (}2),

respectively. The square of the distance between them is

(r2 COS(}2 - rl COS(}I)2 + (r2 Sin(}2 - rl sin(}lf

= (r~ COS2 (}2 - 2rIr2 COS(}I COS(}2 + r~ COS2 (}I) + (r~ sin2 (}2 - 2ri~2 Sin(}1 Sin(}2 + r~ sin2 (}I)

= r~(sin2 (}I + COS2 (}I) + r~(sin2 (}2 + COS2 (}2) - 2rIr2(COS(}1 COS(}2 + sin(}1 sin(}2)

= r~ - 2rIr2 COS((}I - (}2) + r~,

so the distance between them is Vr~ - 2rIr2 COS((}I - (}2) + r~.

15. r = 2 {;;. J~ = 2 {;;. x2 + y2 = 4, a circle of radius 2 centered at the origin.

16. r CoB () = 1 {;;. x = 1, a vertical line.

11.r=3sin(} => r2=3rsin{} {;;. X2+y2=3y {;;. x2+(y-!)2=(!)2,acircleofradius~centered

at (0, ~). The first two equations are actually equivalent since r2 = 3r sin 6 => r( r - 3 sin (}) = 0 => r = 0
or r = 3 sin(}. But r = 3sin6 gives the point r = 0 (the pole) when 6 = O. Thus, the single equation r = 3sin6 is

equivalent to the compound condition (r = 0 or r = 3 sin ()).
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10. 2 < r $ 5, 37r/4 < 8 < 57r/4

9=1:!!: I'" 4

".

8=6.

1r
8=-2 ,=4

~<8<~4 - - 412. -1 .$ r .$ I,

9=1!:. 3 e=~
4

11'
8=4

r=2

I '9-1!:- 3

X -lcos.!!: -.fl. and
y -1sin.!!:-1

- 6 - 2 - 6 - 2"

x = 3 cos A.1!:. - - ~ andY - 3 sin A.1!:. - ~ The distance between them is
4- 2 - 4-2"~

= V~(vI3+3J2)2 + ~(1-3J2)2


