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10.3 Polar Coordinates

1 (@@ (1, %) By adding 27 to §, we obtain the point (1, 2% ), which satisfies the
7 > 0 requirement. The direction opposite % is F, so (—1,2F) isa

point that satisfies the » < 0 requirement.

®) (-2, %) (c2,37) 7> 0: (—(~
r< 0: (-2, % +2m)
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© (3-%) 7> 0: (3,— % +2m) = (3,
0 r<0: (-3, ~F +m) =
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r>0: (2,57 +27) = (2, 1F)

r<0: (2,5 — ) = (-2,-3)
®) (1,-2) ol r>0:(1, -2 +2m) = (1,4)
(2 r<0: (<L —% +7) = (-1,5)
-%)
© (—1> 5—}) (—1,%’1) r> 0 ( (-1 §l - 7r) = (1> %)
2 v r<0: (—1,8 —27) = (—1,-3x)
i
3 (@ b 3 z = 2cos 3 =2(0) =Oandy = 2sin & = 2(—1) = —2 give us the
2 Cartesian coordinates (0, —2).
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T 1
(b) :ﬂcos——:ﬁ(—):landy \/ism f( >=1
4 V2 V2

give us the Cartesian coordinates (1, 1).

© :E:—lcos(——%) =—1<§> :_é and

. T\ 1y 1 . .
y = —1sm(~6) = 1( 2) =3 give us the Cartesian
coordinates ( ?, %)
4, (a) 4 :1:=4cos4?7r=4(-%) = —2 and
/AR
(o]
y =4sin %- = 4( ‘f) = —2v/3 give us the Cartesian
coordinates (—2, —2v/3).
4
%)
(b) :1:———2003%7::-4(—\?) v/2 and
1_471
> \\ = —2sin §— = —2(%) —+/2 give us the Cartesian
\\\ (2.3F) coordinates (v/2, —v/2).
.
7r 1
© (-3 v = —3cos(~3) = - (5)

L = —3sin ( %) = ~—-3(~£> = BT\/§ give us the Cartesian

. 3 3v3
coordinates <~—§ T)

|
wiy

@(a)m=~4andy=4 = r=\/(—4)2+42:4\/§andtan0=—_4—4=—1 [0 = —% + n]. Since (—4,4) is in the

second quadrant, the polar coordinates are (i) (4v/2, %) and (i) (—4v/2, ).

B z=3andy=3v3 = r= 32+(3\/§)2 =9+ 27 =6andtanf = 3‘?’@ =v3 [0=Z +nn].
Since (3, 3v/3) is in the first quadrant, the polar coordinates are (i) (6, 3 ) and (ii) (—6, 4*).
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@(a)m:\/gandy-———l = r:y/(\/§)2+(-1)2=2andtan6=\:/% [6 = —Z + nr]. Since (v/3, —1) is in the

fourth quadrant, the polar coordinates are (i) (2, 17 and (ii) (~2, 37).

b)z=-6andy=0 = r= \/(——Em =6andtanf = -ls =0 [8 = nw]. Since (—6, 0) is on the negative
z-axis, the polar coordinates are (i) (6, 7) and (ii) (—86, 0).

7. 1 < r £ 3. The curves r = 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 & can take on

any value.

8. r > 2, 0 < 8 < . This is the region on or outside the circle 7 = 2 in the

first and second quadrants.

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

7 = 1 in the first and fourth quadrants.

®3<7‘<5, 2 /3 <0 <4n/3

M.2<r<4,3r/4 <0< Tr/4
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12. r > 0, m < 6 < 5w /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, 5% ) to Cartesian coordinates gives us (4 cos 4%, 4sin %) = (-2, ~2/3)

and (6 cos 5%, 6sin 87) = (3, ~3+/3 ). Now use the distance formula

d=/(z2 ~21)2 + (g2 —~)? = \/[3 — (-2 + [-3v3 - (-2v3)]’
= /52 + (-v3)* = VBT 3= VB =27
14. The points (71, 61) and (rz, 62) in Cartesian coordinates are (r1 cos 01,71 sin61) and (r2 cos f2, 7o sin 02 ), respectively.
The square of the distance between them is
(r2 cos bz — ry cos 91)2 + (rosinfy — ry sin 01)2
= (r% cos%6y — 27175 cos B cos Oy + 13 cos291) + (rg sin?0y — 2ry79 sin 6y sin Oy + 77 sin201)
= r? (sin2¢91 -+ cos291) +r2 (sin292 + 003292) — 2r172(cos 8; cosfs + sin B; sin B)

=% — 2r1r9 cos(fy ~ Bo) + 13,

so the distance between them is /7% — 2173 cos(01 — 02) + 2.

@r2 =5 & 22+ y? =5, acircle of radius /5 centered at the origin.

T

16. r = dsecl <«
ec 0

=4 & rcosf=4 <& 1z =4, avertical line.

17.r=5cos0 = r>=5rcosf & 2*+y’=5z & m2—5w+24—5+y2 = 2715- & (m——g)z—{-yg = %,
a circle of radius £ centered at (2, 0). The first two equations are actually equivalent since r? = 5rcos =

r(r—5cos8) =0 => r=00rr=>5cosf. Butr = 5cos@ gives the point r = 0 (the pole) when # = 0. Thus, the

equation r = 5 cos 6 is equivalent to the compound condition (r = 0 or r = 5cos ).
T T y . ..
18. 6 = 3 = tanf =tan 3 = == V3 & y=+3gzaline through the origin.

19. r%cos20 =1 & r*(cos®—sin®0) =1 & (rcosd)?® —(rsinh)® =1 <« 2z®—y? =1, ahyperbolacentered at

the origin with foci on the z-axis.

7‘2sin20=1 & r?(2sinfcosf) =1 & 2rcosf)(rsinf) =1 & 2zy=1 & =zy= 1%, ahyperbola

centered at the origin with foci on the line y = z.
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31. 7 has a maximum value of approximately 1 slightly before 6 = % and slightly after 6 = 1475. r has a minimum value of —2

when 6 = 7. The graph touches the pole (r = 0) when § = 0, %, 37", and 2. Since r is positive in the f-intervals (0, —’25) and

(3, 2n), and negative in the interval (%, 2), 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, %] It then decreases slightly, after which r increases to a maximum of 2

at § = . The graph is symmetric about 8 = w, so the polar curve is symmetric about the polar axis.

r 1
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33 r=—2siné ’
2..
4]
0 (d 27 8 <
2] 2. 3772)
34. r=1-cosb ’
2,
) (2, m) .
0 pa 2 8 U

< 35.’7‘ = 2(1 + cos8) ,
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3. r=1+2cosf

W.r=06, 6>0

B.r=0% -r << or

@r = 3cos36

40. r = —sin 56

M. 7 = 2cos46

27 0 27 @
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42, r = 2sin 66

@ r=1+43cosf ,
4_
24
0
_.2..
4. r =1+ 5sinf
-
6..
0
_.4,.
45. r* = 9sin 20 .2
} @, i)
; 0 O
0 T 27 0 Q
_.3-‘
46. r? = cos46 .2
1-
/\ A /\ “-0= i
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....1--

© 2021 Cengage Leaming. All Rights Reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part




