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974 [ CHAPTER10 PARAMETRIC EQUATIONS AND POLAR COORDINATES

@(a)m:ﬁandy:—l = r=\/(\/§)2+(-—1)2=23ndtan9=% [6 = —Z + nr]. Since (v/3,—1) is in the

fourth quadrant, the polar coordinates are (i) (2, 1) and (ii) (-2, £).

(b)z=-6andy=0 = r=+/(-6)2+02=6andtanf = £ =0 [0 =nn]. Since (—6,0) is on the negative
z-axis, the polar coordinates are (i) (6, 7) and (ii) (—6,0).

7. 1 < r < 3. The curves 7 = 1 and r = 3 represent circles centered at O with

radius 1 and 3, respectively. So 1 < r < 3 represents the region outside the

radius 1 circle and on or inside the radius 3 circle. Note that 8 can take on

any value.

8. r > 2, 0 < @ < . This is the region on or outside the circle r = 2 in the

first and second quadrants.

9. 0<r <1, —7/2 <6< 7/2. This is the region on or inside the circle

r =1 in the first and fourth quadrants.

3<7’<5, 23 <0< 4n/3

M. 2<r<4,3r/4<0< /4
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SECTION 10.3 POLARCOORDINATES 01 975

12. r > 0, 7w < 0 < 5m/2. This is the region in the third, fourth, and first
quadrants including the origin and points on the negative z-axis and positive

y-axis.

13. Converting the polar coordinates (4, 4%) and (6, %) to Cartesian coordinates gives us (4 cos 3%, 4sin 47) = (-2, ~2v/3)

and (6 cos 3, 6sin 37 ) = (3, —3+/3). Now use the distance formula

d= /e~ + 2 — 01 = /B (-2 + [-3V3 — (~2v3)]’
=4/52+ (-v3) = vBF3=vB=2/7
14. The points (r1,61) and (r2, f2) in Cartesian coordinates are (r1 cos 81,71 sin 81 ) and (72 cos 2, T2 sin 82 ), respectively.
The square of the distance between them is
(r2 cos 8y — 71 cos 91)2 + (resinfy — 71 sin 91)2
= (r% cos®0y — 27179 cos By cos Oy + 7‘% cos291) RS (r% sin®0y — 2ry75 sin 8y sin 6y + ’I‘% sin291)
=7? (sin291 + c05291) + 73 (sin292 + c05292) — 2r172(cos 8; cos by + sin 01 sin 03)

=%~ 2riry cos(61 — 62) + r2,

so the distance between them is 1/r3 — 2r172 cos(91 — Ba) + 73.
15. 712 =5 & 22492 = 5, acircle of radius v/5 centered at the origin.

16. r = 4secl <«

=4 & rcosf=4 & =4, avertical line.
secd

. r=5cos6 = r’=5rcoshd & 2*+y’=5z & ®-5c+L+y’ =8 & (z2-3)°4+y2=2%,
a circle of radius $ centered at (£,0). The first two equations are actually equivalent since 7% = 5rcosf =

r(r—5cosd)=0 = r=~0o0rr =>5cosf. Butr = 5cos8 gives the point » = 0 (the pole) when 6 = 0. Thus, the

equation 7 = 5 cos @ is equivalent to the compound condition (r = 0 or 7 = 5 cos §).
fis T Yy . ..
18. 6 = 3 = tanf = tan 3 = 5= V3 & y=+/3a, aline through the origin.

19. %cos20 =1 & r*(cos’d—sin®0) =1 & (rcosf)? —(rsinf)® =1 & 2z°—y? =1, ahyperbola centered at

the origin with foci on the z-axis.

T2sin29=1 & r’(2sinfcosf) =1 & 2(rcosf)(rsinf)=1 & 2zy=1 & azy= i, ahyperbola

centered at the origin with foci on the line y = z.
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SECTION 10.3 POLAR COORDINATES [ 977
’*)

31. r has a maximum value of approximately 1 slightly before § = I and slightly after 6 = %". r has a minimum value of —2

when 6 = . The graph touches the pole (~ = 0) when 6 = 0, 5, 3, and 2. Since r is positive in the 6-intervals (0, Z) and

(3, 27), and negative in the interval (%, 3&), the graph lies entirely in the first and fourth quadrants.
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32. r increases from 0 to 1 (local max) in the interval [0, g] It then decreases slightly, after which r increases to a maximum of 2

at @ = . The graph is symmetric about § = m, so the polar curve is symmetric about the polar axis.
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978 0O CHAPTER10 PARAMETRIC EQUATIONS AND POLAR COORDINATES

36. r=1-+2cosb

.r=6, >0

B.r=02 -2r<0<2r

7‘ = 3cos 36

40. r = —sin 56

41, r = 2cos 40
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