11.3 1l Solns
By adding 2x to Z, we obtain the pomt (2, ZZ)_ The direction

1. (@) (2, %) 6. 7)
. opposite Z is 3£ so (—2, ) is a point that satisfies the r < 0
5 3 requirement.
(®) (L_STW) r > 0: (1,—377‘ +2;T) = (115%)
r<0: (-, - +7)=(-15)
7
O M

© (-1 %) r>0: (—(-1).3+7) =
r<0:(—1,%+2r) = (—1,55)

3 (a) z=1coswm=1(—1)= —1 and
y = lsinm = 1(0) =0 give us
w
{1, 7) ,/n\\ the Cartesian coordinates (—1, 0).
0
(b) T —2(:05(—233} = 2(—%} = —1 and
Y= 2sin(—2—;,r) = 2(— 23) =3
0
e giveus (—1,—v3)
3
oo
(c) x=—2cos%r=—2 —f):x/ﬁand
y=—2aingTI =—2(Tz) =2

gives us (v2, ~v2).
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11.3 1l Solns

6. (z=3v3ady=3 = r=1/(3v/3)"+3 =127 F9=6andf = tan"" (ﬁs) =tan_1( 13) — Z_Since

(3 V3. 3) 1s in the first quadrant, the polar coordinates are (i) (6, Z) and (i) (—6, ZZ).

b)z=1landy=-—2 = r=4/12+(—2)2=+5andd =tan"'(52) = —tan~' 2. Since (1, —2) is in the fourth
quadrant, the polar coordinates are (1) (\/E 2m —tan—' 2) and (i1) (—\/3, T —tan ' 2).

8.r>0, n/3<6<2w/3

p=4 6

]
wly

9. The region satisfying 0 < r < dand —w/2 < 8 < w/6
does not include the circle » = 4 nor the line § = r

g==
Rt |
] [
]
SZ—E (‘

2 S r=4
rl
..--"

14. The points (71, #1) and (rz, #) i Cartesian coordinates are (r; cos#1, 1 sin ;) and (72 cos 82, r2 sin 63 ), respectively. The
square of the distance between them 1s

(racosfz — 7 cosﬂl)z + (rosinfz — 1 sinéy }2

= (r% cos’ B3 — 2ri7s cos B cos fa + 'rf cos® 6‘1] - (rg sin® @3 — 2ri7y sin 1 sin 65 + 'r'f sin® 6‘1]
=r] (:?.in2 8, + cos” 91:] +r2 (sin2 2 + cos” 62) — 2r11r2(cos 81 cos @2 + sin b sin f3)

=r] — 2riracos(61 — 82) +r3,

so the distance between them is /77 — 2r172 cos(f1 — 62) + 73

7. r =3sinf = r’=3rsinf = 2°+y =3y = xz+(y—%)2=(%}Z,acircleofradiusgcente:redat(U;g).

The first two equations are actually equivalent since r* = 3rsind = r(r —3sinf) =0 = r=0orr = 3sinf. But
r = 3 sin @ pives the point r = 0 (the pole) when # = 0. Thus, the single equation r = 3 sin @ is equivalent to the compound
condition (r = 0 or r = 3sin §).
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11.3 1l Solns

sin @

20. r =tan@secf = = rcos’f=sinf & (rcos@)’ =rsinf & z*® =y, aparabola with vertex at the

cos? §
origin opening upward. The first implication is reversible since cos # = 0 would mmply sin @ = r cos” @ = 0, contradicting the
fact that cos® 8 +sin? 6 = 1.

2 cos f

23 z=—y° = rcosf=—r’sin’f < cosf=—rsin’f = r=— = —cot # csch.

sin” @
2. xzy=4 & (rcosf)(rsinf)=4 & r’(3-2sinfcosf) =4 < r’sin20=8 = 1’ =8csc20
27. (a) The description leads immediately to the polar equation 6 = Z, and the Cartesian equation y = tan(Z) z = Jw z is

shghtly more difficult to derive.
(b) The easier description here is the Cartesian equation = = 3.

2. 0=—x/6

32 r=—3cosf = r’P=—3rcosf =

2+yi=-3z & (z+3)+2= ()

This curve is a circle of radius 2 centered at (—3,0).

=3,0)
=(3, )

40. r = Jcos6F

N
N

-3+
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11.3 1l Solns

43. r* = 9sin 26 ]

3--

—3

51. z = (r)cosf = (4 + 2secf) cos@ =4cosf + 2. Now,r — o0 =

Lo oy + :
(4+2secfd) oo = 60— (%) or® — (Z£)7 [since we need only 20 N0

consider 0 < @ < 2x]. 50 lim z = i {4cosf 4 2) = 2. Also, o
r—oo 8w 2—

r——oo = (44 2secl)— —oc0 = 9_’(%)4_01'6_’(3?)_’5“

lim = lim (4dcos@+2) =2 Therefore, lim =z =2 = = =2 isa vertical asymptote.

r——o0 f—m /2t r—too

55. (a) We see that the curve r = 1 + ¢ sin @ crosses itself at the origin, where » = 0 (in fact the inner loop corresponds to
negative r-values,) so we solve the equation of the imagonforr =0 < esinf=—-1 < sinf =—1/c Nowif
|| < 1, then this equation has no solution and hence there 1s no inner loop. But 1f ¢ <© —1, then on the mterval (0, 27)
the equation has the two solutions # = sin~'(—1/c) and § = = — sin” ' (—1/¢), and if ¢ > 1, the solutions are
6 = w +sin"!(1/c) and @ = 27 — sin~?(1/¢)_ In each case, r < 0 for @ between the two solutions, indicating a loop.
(b) For 0 < ¢ < 1, the dimple (if it exists) is characterized by the fact that y has a local maximum at # = 2*_ So we determine

2
2
for what c-values d—‘z is negative at # = 2= _ since by the Second Derivative Test this indicates a maximum:
dé

d d*
y=r5in6=si.r16'—|—csin26' = d—g=c056'+2csin3cosﬂ=cosﬁ'—|—csin26‘ = ﬁ=—sin6—|—2000529.

At9 = 2= _this is equal to —(—1) + 2¢(—1) = 1 — 2¢, which is negative only for ¢ > 1. A similar argument shows that
for —1 < e < 0, y only has a local minimum at # = Z (indicating a dimple) for ¢ < —1.

57. r = 2sinf = =z =rcosf =2sinfcosf =sin28,y=rsinf =2sin>8 =

dy dy/d® 2-2sinf cosf _ sin26
dr dx/dd  cos20-2  cos26

= tan 28

m

When 8 = = tan (2 . %) = tan 3= V3 [4Another method: Use Equation 3.]

&

B

YE
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11.3 1l Solns

60. r =cos(8/3) = =z =rcosf =cos(6/3)cosb, y=rsinf = cos(f#/3)sinf =

dy _ dy/do _ cos(8/3) cos 6 +sin (—%sin(ﬂ/.?}]
dz dz/df8  cos(8/3)(—sind) + cosf (—3sin(6/3))

dy _ 3N+ (-v3/6) -1/2_ 3
T T 3O+ (VB T VEE T VB

When 6 = = —/3.

63. r=3cos@ = x=rcost =3cosf cosf, y=rsind = 3cosd sinf =
%:—351n26+3f:0526=3c0526='0 = 2!5':%0r:"gT = 6:%01"3'”.
So the tangent 1s horizontal at (73;5 %) and (—735,37'") [sameas (ﬁ;—%)]

42 — —6sinfcosf=—3sin20=0 = 20=0o0rm <« 6=0o0rZ. Sothetangentis vertical at (3,0) and (0, Z).

[

66. r=e’° = z=rcosf=c¢e cos f, y=r5in6=e‘gsin6‘ =

%}=eesin3+eac059=ee(5in9+c036]=U = sinf=—cosf = tanf=-1 =

§ = —im +nm [nanyinteger] = horizontal tangents at (e“‘“‘“‘”,rr(n— %))

a

L2 — P cosf—e’sinf=e(cosf—sinf) =0 = sinf=cosd = tanf=1 =

§ = 1w+ nw [nany mteger] = vertical tangents at (e“t"+”43,rr(n+%j).

69. r = asin@ + beosf = r’ =arsin@+breost = z*+y’=ay+bzr =

2? —bz+ (3b) +97 —ay+ (3a)" = (30)" + (3a)° = (z—2b)"+ (v— 2a)’ = (e + %), and thisis a circle

with center (2b, 2a) and radius 2+/a® + b2

1. r =1+ 2sin(#/2). The parameter interval is [0, 4w].

2.6

—-26
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11.3 1l Solns

73. r = e ¢ — 2 c0s(40). The parameter interval is [0, 2x].

3.5

P
"

=25

77. It appears that the graph of r = 1 + sin(8 — Z ) is the same shape as

Lr =1+ sind
— : _I
Fr=1 +sm{9 6}
I
3

—r=l+sin{ - }

the graph of r = 1 4 sin 6, but rotated counterclockwise about the
origin by Z. Simularly, the graph of r = 1 + sin(# — %) 1s rotated by
Z. In general, the graph of r = f(f — a) is the same shape as that of

14
r = f(#), but rotated counterclockwise through « about the origin.

That 1s, for any point (rg, 6o) on the curve » = f(#), the point
(ro, 8o + ) 15 on the curve r = f(6 — ), since ro = f(fo) = f((fo + o) — a).

78. 08 From the graph, the highest points seem to have y = 0.77. To find the exact
value, we solve dy/df = 0. y = rsinf = siné sin28 =
dy/df = 2sin 8 cos 20 + cos @ sin 26
—08 o =2sinf#(2cos* @ — 1) + cos @ (2sin cosb)
= 2sin#(3cos”> 8 — 1)
. 0 =/ In the first quadrant, this is O whencos 6 = = & sinf = /2 &

y=2sin"fcosf =23 2= = 3/~ 077
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