)

By adding 27 to . We obtain the point (2, 7—:) The direction

opposite Z is '—{’ so (—2, '-:

) is a point that satisfies the <0

requirement.
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SECTION 10.3 POLAR COORDINATES [ 827
| (c) (1,-1) f = —1 radian ~ —57.3°
r>0: (1,-1+27)
e b | Sl r<0:(—-1,-14+m)
()R
| (=l
|
3. (a) x=1lcosm=1(—=1) = —1 and
y = lsinm = 1(0) = 0 give us
m
e N the Cartesian coordinates (—1,0)). 2
0
(b) 1 :2(‘().\(7"3:—{"):d(~_—£):~lund
y = 2sin ~“)—:) = 2<7TF’) = -3
0
] s giveus (—1, —v/3).
i
! @ -3
(c) = —2cos & = 2< VTC)) = /2 and
\‘_lﬁ = 2si||¥:72(5§>: V&)
r O™ gives us (V/2, —/2 ).
(~2.3Z)
4, (a) (- sz.-*T”\, = 7\/6('“.\""—,“ = —\9 (——;) = 1 and
am i = —+2sin r’—," = —+/2 (~VTz) =1
Y gives us (1, 1).
(b) S m=liens F’T = 1{(0) = 0land
(%)
y=1sin 2 = 1(1) = 1
Sm ke .
201N gives us (0, 1).
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4
(c) 1 :2(05(—%)=2(—%—§):—\/—$dnd
.2 y=2sin(-28) = 2(4) =1
\_|o/ give us (—v/3,1).
2
] 6
S (@r=2andy=-2 = r=,/224+(-2)2=2+2andf = tan" (F) = —4- Since (2, —2) is in the fourth

] quadrant, the polar coordinates are (i) (2 v/2, Zt) and (ii) (—2 v/2, 2£).

M z=-landy=v3 = r=./(-1)2+ (\/i)“) =2 and f' = tnn"(ﬁ) = 2% Since (-1, V/3) is in the second

quadrant, the polar coordinates are (i) (2, 2%) and (ii) (-2, 5.

3v3

« 6. (A)x =3 \/gand Y =3 = p= (3 \/—3)2 +32=/27+9=6and § = tan~" (—9—) = tan~! (L) = (——) Since
(3V/3,3) is in the first quadrant, the polar coordinates are (i) (6, %) and (ii) (=6,I%).

Gyr=landy=-2 = r=,/12+(-2)2=5andf = tan™'(52) = —tan™' 2. Since (1, —2) is in the fourth

quadrant, the polar coordinates are (i) (\/F) 27 — tan ™! 2) and (ii) (—\/F) m — tan™? 2.

i 7. The curves = 1 and = 2 represent circles with center 8r>0, n/3<6<2n/3
il
I.F,_ O and radii | and 2. The region in the plane satisfying
‘. I < r < 2 consists of both circles and the shaded region g=2z 9=
i e 3
i . X : :
i between them in the figure.
i
l (¢
i
» r=2
- r=1 /"\
e
k
L
9. The region satisfying 0 < r < 4 and —7/2 < 0 < 7/6 10.2<r <5, 31/4 <0< 5r/4
L does not include the circle = 4 nor the line § = = o
F =%
e‘\r: i p— \‘\ /"/
0= 6. r=35 \\’
f- _aliaih [ opEr=2
i 0|~ \ =
[ ; \ MO
il 7 5 A
‘ f= Ar=4 >
:. ‘,r 'b = Sw
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M.2<r<3, F<o< 2.r>1,r<6<2r
o=1r
b r=3
r=2— e Py
b4 =m0 0=2m
(o] T K r= |
S Il 3 »,
9=3L
13. Converting the polar coordinates (2, 7/3) and (4, 27/3) to Cartesian coordinates gives us (2cos %:28in %) = (&, \/_i) and
(4cos 3, 4sin 28) = (—2,2/3). Now use the distance formula.
d= \/(A,:2 1) 4+ (g2 — )% = \/(—2 -1+ (2v3-V3)’ =v0F3=v12=23
14. The points (r1,61) and (72, 02) in Cartesian coordinates are (r1 cos 01,71 sin0y) and (75 cos 0, 7o sin 02), respectively. The
square of the distance between them is
(12 cos @y — 71 cos ()1)2 + (rasinfy — 7y sin by )2
— (r:: cos2 0y — 2ri1ra cos 1 cos 0o + 7',2 cos? 6, ) -+ (rf sin? 02 — 27175 8in 01 sin B, + 1‘12 sin? 6, )
= r? (sin2 01 + cos? 01) + r3 (51112 02 + cos? 02) — 2r172(cos 01 cos B2 + sin 01 sin@y)
= 7"1‘) — 21172 cos(fy — 62) + 7_5
so the distance between them is \/7? — 27175 cos(6; — 02) + e
N r=2 = 22 +y? =2 & 2% +4? =4, acircle of radius 2 centered at the origin.
16. rcosf =1 <  x = 1,avertical line.
17.r=3sinf0 = r’=3rsind & °+3°=3y & 22+ (y — g)" = (%)2 a circle of radius 3 centered at (0, 3).
The first two equations are actually equivalent since 72 = 3rsin = r(r—3sind) =0 = r=0orr = 3sinf. But
r = 3sin 6 gives the point 7 = 0 (the pole) when 6 = 0. Thus, the single equation r = 3sin @ is equivalent to the compound
condition (» = 0 or r = 3sin ).
18. r =2sinf+2cosf = 72 =2rsinf+2rcosh < 22 +y? = 204 2x &
(#°-224+1)+ (P -2y+1)=2 & (2—1)2+(y— 1)* = 2. The first implication is reversible since
r® =2rsinf+2rcos = r=0o0rr=2sinf + 2cos 0, but the curve r = 2sin @ + 2 cos 6 passes through the pole
(r=0) when § = —Z_ 50 r = 2sin 6 + 2 cos 0 includes the single point of » = 0. The curve is a circle of radius V2,
centered at (1, 1).
9. r=cscl & r=— 7 < rsinf =1 < y=1,ahorizontal line 1 unit above the z-axis.
sin
sin 6 2 - 2 s 2 .
20, r = tanfsecf = = rcos"f =sinf < (rcosf)?=rsind < 2= Yy, a parabola with vertex at the

cos? 6
ogigin opening upward. The first implication is reversible since cos 6 = 0 would imply sin @ = r cos? = 0, contradicting the

fact that cos® f + sin? 6 = 1.
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MN.z=3 & rcosf=3 © r=23/cosf < = 3sech.

2 2+yP=9 & 2=9 & r=3[=-3 gives the same curve.]

B.r=-y € rcosf = —1° sin2f & cosf=-T sin? & T=- ;(:15269 = —cot 6 csch.

% r+y=9 rcosf+rsinf=9 < r:9/(cos€+sin9).

95 2 +y> =2¢cx & r? =2crcosf < r2 —2crcosf=0 < r(r—?ccos@):U & 1':00rr:‘26c056
= 0 is included in r = 2c oS g when § = 5 + nm, SO the curve is represented by the single equation 7 = 2cCOS 6.

%.cy=4 < (rcos())(?“s'mﬂ)zél o 1 (%~25in9 cosf) =4 © r2sin20 =8 = r? = 8csc 26

27. (a) The description leads immediately t0 the polar equation 8 = Z,and the Cartesian equation y = tan(%) z= —V% T is

slightly more difficult to derive.

(b) The easier description here is the Cartesian equation T = 31

28. (a) Because its center is not at the origin, it is more easily described by its Cartesian equation,

(b) This circle is more easily given in polar coordinates: 7 = 4. The Cartesian equation is also simple: 2 +y =

29, § = —/6

3. r=sinf & r? =rsinf < ©2+yi=y @

2

3

2 1
3 3

+(y'2)‘=(-

as in Exercise 17. This is a circle of radius

2 A 5
x ). The reasoning here is the same

% centered

at (0, %)

33, r = 2(1 —sinf). This curve is a cardioid.

2

(1—2)2+(y’3) = 5%
16.
(r—l)(r-?):O &

30.r2-3r+2=0 <

r=1lorr=2

3. r = —3cosf = r2 = —3rcosf <

P+ =% (a+3) +¢°

This curve is a circle of radius 3 centered at (-%,0).

34, r = 1 — 3cosf. This is a limagon.

i L
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