Chapter 10

Polar Coordinates:; Vectors

10.2 Polar Equations and Graphs

1. r=4
The eguationisof theformr =a, a>0. It

isacircle, center at the pole and radius 4.
Transform to rectangular form:

r=4
r’=16
X +y? =16
2. r=2 .:f-
Theequationisof theformr =a, a>0. It BREcol] )
isacircle, center at the pole and radius 2. b e i
Transform to rectangular form: et 50 P
r =2 T )
r’=4 4
XZ +y2 - 4
3. 0 :% .

The equation isof theform 6 = a.. Itisa
line, passing through the pole at an angle of

P
3 I
Transform to rectangular form:
6 =L o
3 ﬁ'
" ] .
tano =t = i 39
g3g :

%: 3@ Y =v3x
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Section 10.2  Polar Equations and Graphs

__ P
9=-2

The equation isof theform 6 = a.. Itisa
line, passing through the pole at an angle of

_ B
7
Transform to rectangular form:
S
4
tan©® tané vig]
Y-
X
y=-X
rsing =4

The equation isof theform rsin® = b. Itis
ahorizontal line, 4 units above the pole.
Transform to rectangular form:

rsno =4
y=4
rcoso =4

The equation is of theform r cosd = a. Itis
avertical line, 4 unitsto the right of the pole.
Transform to rectangular form:
rcoso = 4
X=4

rcosg = - 2
The egquation is of theform r cos6 = a. Itis
avertical line, 2 unitsto the left of the pole.
Transform to rectangular form:
rcoso = - 2
X=-2
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Chapter 10 Polar Coordinates; Vectors

8 rsnf=-2 L
The equation is of theform rsin® = b. Itis S i

ahorizontal line, 2 units below the pole. B A
Transform to rectangular form: ST o
rsno = -2 Pl S i
y=-2 3 H—J"'
9. r=2co9 iyt

The equation is of the form
r =2acosf, a>0. Itisacircle, passing
through the pole, and center on the polar

axis.
Transform to rectangular form:
r=2co9
r? = 2rcos@
X +y? = 2x
X*-2x+y*=0 T
(x- 17 +y* =1
10. r=2sin® ',

The equation is of the form .

r =2asinf, a>0. Itisacircle, passing AT
through the pole, and center on the line e L
0="5. T EIQ i 3

Transform to rectangular form:

r=2sn0
r’=2rsinf ; 3
X2+y2:2y
X*+y*-2y=0
x>+ (y-1)?%=1
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Section 10.2  Polar Equations and Graphs

11. r=-4sin0 b
The equation is of the form e
r =2asinf, a>0. Itisacircle, passing
through the pole, and center on the line

0 = g K
Transform to rectangular form:
r=-4sim
r’=-4rsing
2 2 _
X +y =-4y
X*+y +4y=0
X +(y+2)° =

12. r=-4co9 b
The equation is of the form . £
r =2acosf, a>0. Itisacircle, passing R
through the pole, and center on the polar SV o

axis. :
Transform to rectangular form: ]
r=-4co9
r? =- 4rcosh }
X* +y* = - 4x i :
X*+4x+y* =0
(x+2) +y* =4
13. rsecH=4 oy
Transform to rectangular form: : .
rseco =4 T "
' 00138:4 i u
r =4co9 £
r? = 4r cos®
X* +y? = 4X ]
X?- 4x+y*=0 z !
(x-2y+y*=4

The equation is acircle, passing through the
pole, center on the polar axis and radius 2.
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Chapter 10 Polar Coordinates; Vectors

14. rcscHb =8
Transform to rectangular form:
rcsco =8
rX—.l— = 8
sin®
r =8sin6
r’=8rsino
X +y* =8y
x*+y?-8y=0

x*+(y- 4¥ =16
The equation is acircle, passing through the
pole, center ontheline 6 = g and radius 4.

15. rcsch =-2
Transform to rectangular form:

rcsch =- 2
I’><..1_:-2
sno
r=-2sim
r’=-2rsing
X2+y2:_2y
X*+y*+2y=0

X+ (y+1)° =1
The equation is acircle, passing through the
pole, center ontheline 6 = % and radius 1.
16. rsecH=-4
Transform to rectangular form:

rseco =-4
r)¢:-
cos6
r=-4co9%
r? =- 4rcos0

x> +y? =-4x
X*+4x+y* =0
(x+2F+y* =4
The equation is acircle, passing through the
pole, center on the polar axis and radius 2.

17. E 18. A 19. F

21. H 2. G 23. D

20. B

24. C
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25.

Section 10.2  Polar Equations and Graphs

r=2+2co¥ Thegraphwill beacardioid. Check for symmetry:

Polar axis: Replace 6 by - 6. Theresultisr =2+ 2cosf0) =2+2co9.

Theline 6 =

The pole:

p
2

=2+2(- cosb+0)=2- 2cos6
Thetest fails.

Replacer by - r. -r=2+2co9 . Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.

The graph is symmetric with respect to the polar axis.
:Replace 6 byp -6.

r=2+2cos(p - 6) =2+ 2(cos(p)cosd +sin(p)sinb)

A 0 p plp|2p 5p 0
6 312173 6
r=2+2c09 |4|2+3»3.7|312[ 1 [2- 43»0.3|0
26. r=1+sino

The graph will be acardioid. Check for symmetry:

Polar axis: Replace & by - 6. Theresultisr =1+sin(-0)=1- sinO .

The test fails.
Theline 6 :g: Replace 6 byp -6.
r=1+sin(p - 6) =1+ (sin(p)cosd - cos(p)sine)
=1+(0+snB) =1+sinb
The graph is symmetric with respect to theline 6 = % :
The pole: Replacer by - r. -r=1+sn6. Thetest fails.
Due to symmetry to theline 6 = g assign valuesto 6 from - % to g
0 _P _b _Blo|B P P
2 3 s1%sl 3 |7
r=1+sn6| 0 [1- -";’»0.1 AHE 1+_‘/§’»1.9 2
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Chapter 10 Polar Coordinates; Vectors

£
LB
2 .
. o
- - :
oL i
J s L
=
L= LI ] 3
" L

27. r=3-3sin6 Thegraphwill beacardioid. Check for symmetry:
Polar axis: Replace 6 by - 6. Theresultisr =3- 3sin(- 0) =3+3sin0.
Thetest fails.

Theline 6 :'2: Replace 6 byp -6.
r=3- 3sin(p - 6) =3- 3(sinp)cosd - cos(p)sin6)
= 3- 3(0+sinB)= 3- 3sinO

The graph is symmetric with respect to theline 6 = g :
The pole: Replacer by - r. -r=3- 3sin6. Thetest fails.
Due to symmetry to theline 6 :g,assignvaluesto 6 from - % to g
0 _b _b _BlolB P P
2 3 51916 3 3
r=3-3sn6| 6 3+¥»5.6 2 1315 3-37‘/‘33»0.4 0

28. r=2- 2co® Thegraphwill beacardioid. Check for symmetry:
Polar axis. Replace 6 by - 6. Theresultisr =2- 2cosf0)=2- 2co9.

The graph is symmetric with respect to the polar axis.
:Replace 6 byp -06.
r=2- 2cos(p - 6) =2- 2(cog(p)cosb +sin(p)sinb)

=2- 4- cosH+0) =2+ 2cos6
Thetest fails.

Theline 0 =

NI
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Section 10.2  Polar Equations and Graphs

The pole: Replacer by - r. -r=2- 2co9 . Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromO0to p.

0

0

p
6

p
3

p

2p
=

op
=

Y

r=2- 2co9

0

2- 43 » 0.3

1

3

2+J§ » 3.7

2

29. r =2+sin® Thegraph will be alimacon without an inner loop.

Check for symmetry:
Polar axis: Replace 6 by - 6. Theresultisr =2+sin(-0)=2- sinb.
The test fails.

:Replace 6 byp -6.

r=2+sin(p - 8) =2+ (sin(p)cosd - cos(p)sinb)
=2+(0+sinB) =2+sno

The graph is symmetric with respect to theline 6 =

: _p
Theline 6 =5

NIo

The pole:

Dueto symmetry to theline 6 =

Replacer by - r. -r=2+sin6. Thetest fails.

p
2

, assign valuesto 6 from -

p
2

0

2

b
3

0

P
3

r=2+sn06| 1

2- ﬁ»l.l

2

2

Nl g1jol©

2+ @ » 2.9

w INo

to
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Chapter 10 Polar Coordinates; Vectors

30. r=2-cos6 Thegraphwill bealimacon without an inner loop.

Check for symmetry:
Polar axis. Replace 6 by - 6. Theresultisr =2- cos(-0) =2- cosf .
The graph is symmetric with respect to the polar axis.

Theline 6 :'2: Replace 6 byp -6.
r=2- cos(p - 6) =2- (cogp)cosh +sin(p)sino)
=2- (- cosf+0) =2+ cosH

Thetest fails.
The pole: Replacer by - r. -r=2- cosb. Thetest fails.

Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
9 0 % pl2p op

pa il I L
2 g 2+¥3 52093

NI w JwlT

r=2-coso [1]2- @»1.1

3l. r=4-2cod Thegraphwill bealimacon without an inner loop.
Check for symmetry:

Polar axis: Replace 6 by - 6. Theresultisr =4 - 2cos(-0) = 4- 2c09.

The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace® byp -6.
r=4- 2cos(p - 6) =4- 2(cog(p)cosd +sin(p)sinG)
=4- 2(- cost+0) =4+ 2cosH

The test fails.
The pole: Replacer by - r. -r=4- 2co® . Thetest fails.

Due to symmetry to the polar axis, assign valuesto 6 fromOto p.

A 0 p plp|[2p op 0
[ 312173 B
r=4-2cod |2|4- I3»23|3[4]|5 |[4+3»5.7]6
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Section 10.2  Polar Equations and Graphs

32. r=4+2sin6 Thegraph will be alimacon without an inner loop.

Check for symmetry:
Polar axis: Replace ® by - 0. Theresultisr =4+2sin(-0) = 4- 2sin9.
The test fails.

Theline 6 :g: Replace 6 byp -6.
r=4+2sin(p - 6) =4+ 2(sin(p)cosd - cos(p)sino)
=4+2(0+sinb) =4 +2sin6
The graph is symmetric with respect to theline 6 =
The pole: Replacer by - r. -r=4+2sin6. Thetest fails.

Due to symmetry to theline 6 :g,assignvaluesto 6 from - % t

0 "B -2 [ B[o[F D p
2 3 6116 3 2
2 3 6

NI

NI

r=4+2sn0 4- J3» 2.3 4[5 [4+J3 » 5.7

33. r=1+2sin6 Thegraph will be alimacon with an inner loop.
Check for symmetry:

Polar axis. Replace 6 by - 6. Theresultisr =1+2sin(-0) =1- 2sin06.
The test fails.
Theline 6 :’E: Replace 6 byp -6.
r=1+2sin(p - ) =1+ 2(sin(p)cosd - cos(p)sin6)
=1+2(0+sinB) =1+2sinO
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Chapter 10 Polar Coordinates; Vectors

The graph is symmetric with respect to theline 6 = % :
The pole: Replacer by - r. -r=1+2sin6. Thetest fails.
Due to symmetry to theline 6 = g assignvaluesto 6 from - % to g
P P - BlolB P P
v 5 3 61°[6 3 >
r=1+2sn0|-1]1- y3»-07| 0 [1|2|1+J3»27]3
34. r=1-2snB Thegraphwill be alimacon with an inner loop.
Check for symmetry:
Polar axis. Replace 6 by - 6. Theresultisr =1- 2sin(-0) =1+2sin6.
The test fails.
Theline 6 =g: Replace® byp -6.

r=1- 2sin(p - ) =1- 2(sin(p)coso - cos(p)sin6)
=1- 2(0+sinB)=1- 2sinH

The graph is symmetric with respect to theline 6 = % :
The pole: Replacer by - r. -r=1- 2sin6. Thetest fals.
Due to symmetry to theline 6 =%,assignvaluesto 6 from - % to %
R R _PlolB P P
Y > 3 1 6|%s 3 |z
r=1-2sn6| 3 [1+J3» 27| 2 [1|0]1- J3»-0.7]-1
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36.

Section 10.2  Polar Equations and Graphs

r =2- 3co® Thegraph will be alimacon with an inner loop.

Check for symmetry:

Polar axis: Replace 6 by - 6. Theresultisr =2- 3cos(- ) =2- 3co9.
The graph is symmetric with respect to the polar axis.

Theline 6 :'2: Replace 6 byp -6.
r=2- 3cos(p - ) =2- 3(cos(p)cosd +sin(p)sinb)
=2- - cost+0) =2+ 3coso

Thetest fails.
The pole: Replacer by - r. -r=2- 3co® . Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
P plR|2P op
0 0 fz; 32|17 J“bj P
_ 3v3 1 7 3v3
r=2-3co9|-1 Z_T»'O'GZ 2 5 2+T»4'65

r=2+4cod Thegraph will be alimacon with an inner loop.

Check for symmetry:

Polar axis: Replace 6 by - 6. Theresultisr =2+ 4cos(-0)=2+4co09.
The graph is symmetric with respect to the polar axis.

Theline 6 :g: Replace® byp -6.
r=2+4cos(p - 6) =2+ 4(cog(p)cosh +sin(p)sinb)

=2+4(- cosb+0)=2- 4co09
Thetest fails.
The pole: Replacer by - r. -r =2+4co9 . Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromO0to p.
p Zp 2p
® 1°l % 3| 5 P
r=2+4co9 [6[2+24J3 »55 0 |2- 243 » -15]-2

Mlwlo
(] \S] ke
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Chapter 10 Polar Coordinates; Vectors

37. r =3cos(dD) Thegraphwill be arosewith four petals. Check for symmetry:
Polar axis. Replace 6 by - 6. r = 3cos(2¢ 0)) = 3cost 20) = 3cos(D) .
The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace 6 byp -6.
r = 3cos(2(p - 6)) = 3cos(2p - 20)
= 3(oos(2p) cos(26) +sin(2p) sin(26)) = 3(cos26 +0) = 3cog26)
The graph is symmetric with respect to theline 6 = % :

The pole: Since the graph is symmetric to both the polar axis and the line
0= ’E it isaso symmetric to the pole.
Due to symmetry, assign valuesto 6 from 0to ’E .
P[ETR TP
0 0 g 7 35 5
r =3cos? |3 Z 0 Z -3

38. r=2s¢in(39) Thegraph will be arosewith three petals. Check for symmetry:
Polar axis; Replace 6 by - 6. r=2sin(3(-0))=2sin(- 3) = - 2sin(3).
The test fails.
Theline 6 :gz Replace 6 byp -6.
r=2sin(3(p -6))=2sin(P - )
= 2(sin(3p) coq3) - cos(3p)sin(30)) =2(0+sin(30)) = 2sin(30)
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Section 10.2  Polar Equations and Graphs

The graph is symmetric with respect to theline 6 = % :
The pole: Replacer by - r. -7 =2sin(3). Thetes fals.
Due to symmetry to theline 6 :g,assignvaluesto 6 from - % to %
0 S _P Blo|B] R |B|PR
21 3 4 6 6 4 312
r=2sn(3) | 2 | 0 [-V2»-14|-2]o]2|v2»14]0]-2

39. r=4sin(50) Thegraphwill be arose with five petals. Check for symmetry:
Polar axis; Replace 6 by - 6. r=4sin(5(-0))=4sin(- 30)=- 4si f5).
The test fails.
Theline 6 :g: Replace 6 byp -6.
r=4sin(5(p - 0)) = 4sin(5p - )
= 4(sin(5p)cog56) - cos(5p)sin(50)) = 4(0+sin(50)) = 4si (50)

The graph is symmetric with respect to theline 6 = % :

The pole: Replacer by - r. -1 =4sin(50)  Thetet fails.
Due to symmetry to theline 6 =%,assignvaluesto 6 from - % to %
0 N B _Plolk P PP
21 3 4 6 6 4 312
r=4sn(0) [-4| 0 |[-2v2»-28[-2]o[2]-2v2»-28[0] 4

iy
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Chapter 10 Polar Coordinates; Vectors

40.

41.

r =3cos(d) Thegraph will be arosewith eight petals. Check for symmetry:
Polar axis. Replace 6 by - 6. r = 3cos(4(- 6)) = 3cos(- 40) = 3cos(d).
The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace 6 byp -6.
r = 3cos(4(p - 0)) = 3cos(4p - 46)
= 3(cos(4p)cos4 +sin(4p)sin4) = 3(cos4d +0) = 3cos(46)

The graph is symmetric with respect to theline 6 = % :

The pole: Since the graph is symmetric to both the polar axis and the line
0= ’E it isaso symmetric to the pole.
Due to symmetry, assign valuesto 6 from 0to ’E .
0 ol B[R R |R
63 4 33 2
r=3coq40) | 3|-=|-3|-=]3
49) > >

r? =9cos(®) Thegraph will be alemniscate. Check for symmetry:
Polar axis: Replace 6 by - 0. r”> =9cos(2{0))=9cos(- 20) = 9cos(D).
The graph is symmetric with respect to the polar axis.

Theline 6 =g: Replace® byp -6.
r* =9cos(2(p - 6)) =9cos(2p - )
=9(cos(2p)cos26 + sin(2p)sin26) = 9(cos26 + 0) =9cos(2)
The graph is symmetric with respect to theline 6 = % :
The pole: Since the graph is symmetric to both the polar axis and the line
0= g , itisalso symmetric to the pole.
Due to symmetry, assign valuesto 6 from 0to g .
0 0 b P P P
6 4 3 2
r= i‘/9c05(28) #3 |+ % » 21| 0 | not defined | not defined
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42. r?=sin(20) Thegraph will be alemniscate. Check for symmetry:
Polar axis: Replace by - 6. r® =sin(2(- 0)) = sin(- 20) = - sin(20).
Thetest fails

Theline 6 :gz Replace 6 byp -6.
r’ =sin(2(p - 8))=sin(2p - 20)

=sin(2p)cos26 - cog(2p)sin(20) =0- sin(26) = -sin(26)
The test fails.
The pole: Replacer by - r. (-r)’=sin(20) ® r’*=sin(2).
The graphis symmetric to the pole.
Due to symmetry to the pole, assign valuesto 6 fromOto p.
A EET

0 0

b |B
3 2 3 6
iJ g O | undefined | undefined | O

P
fﬁ,
2%

The graph will be aspiral. Check for symmetry:
r=2". Thetestfails.

r =2%. Thetest fails.

43. r=2
Polar axis. Replace 6 by - 6.
Theline 6 :g: Replace 6 byp -6.

The pole: Replacer by - r. -r=2°. Thetest fails.

3
o To[ B[ E[o[5T5 e [ [z
r=2101]03[06[1[1.7]3.0|8.8[26.2[77.9
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Chapter 10 Polar Coordinates; Vectors
44. r =3 Thegraphwill beaspiral. Check for symmetry:
Polar axis: Replace ® by - 8. r =3°. Thetest fails.
Theline 6 = %: Replace ® byp -6. r =3"°. Thetestfalls.
The pole: Replacer by - r. - r=3". Thetest fails.
3
Tl BT EpIETE > [ S ]a
r =3"]0.03]0.2 [0.4 [1]2.4]5.6|31.5[177.2 |995
45. r=1- cos® Thegraphwill beacardioid. Check for symmetry:

Polar axis. Replace 6 by - 6. Theresultisr =1- cos(- 0) =1- cos6.
The graph is symmetric with respect to the polar axis.

Theline 6 :’E: Replace 6 byp -6.
r=1- cos(p - 0) =1- (cog(p)cosd +sin(p)sino)

=1- (- cosb +0) =1+ cosd

The test fails

The pole: Replacer by - r. -r=1- cosb. Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 from0to p.
P ple(2p op
b 1° J_s 3|12(3 Jg P
—1. W3 1 3
r=1-coso |01 ?»0.1 3 1 5 1+?»1.9 2
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46. r =3+cosO®  The graph will be alimacon without an inner loop.

Check for symmetry:
Polar axis: Replace 6 by - 6. Theresultisr = 3+cos(- 0) = 3+ cos6 .
The graph is symmetric with respect to the polar axis.

Theline 6 :g: Replace 6 byp -6.
r=3+cos(p - 6) = 3+ (cog(p)cosd +sin(p)sinb)
= 3+(- cosb + 0) = 3- cosH

Thetest fails.
The pole: Replacer by - r. -r =3+cosO. Thetest fals.

Due to symmetry to the polar axis, assign valuesto 6 fromO0to p.
P P |2p op
® 191 & Al el M A L

3 g 3- ‘ﬁ»Z.l 2

G EoN] [éV k=)

r =3+coso |4 3+_JT§ » 3.9

47. r =1-3cod¥ Thegraphwill bealimacon with an inner loop.

Check for symmetry:
Polar axis: Replace 6 by - 6. Theresultisr =1- 3cos(- 0) = 1- 3co9.

The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace 6 byp -6.
r=1- 3cos(p - 6) =1- 3(cos(p)cosd +sin(p)sinb)

=1- - cosb + 0) =1+ 3cosH
The test fails.
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Chapter 10 Polar Coordinates; Vectors

The pole: Replacer by - r. -r=1- 3co9. Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromO0to p.
p plp|2p op
0 0 Jéﬁ 3|77 F P
—1_ ) 3 ) 1 5 3v3

48. r =4cos(B) Thegraph will be arose with three petals. Check for symmetry:
Polar axis: Replace 6 by - 6. r =4cos(3(- 0)) = 4cos( 30) =4cos(8).
The graph is symmetric with respect to the polar axis.
Theline 6 :%: Replace 6 by p -6.
r = 4cos(3(p - 0)) = 4cos(P - )
= 4(coy(3p)cosB +sin(3p)sinB)=4(- cos30 + 0) = -4co$3)

Thetest fails.
The pole: Replacer by - r. -r =4cos(8). Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
pl2p[op p

0 olR|B
613121316
F=Zcos®[4|0[- 4|0 4 [0 [-2

49. r Check for symmetry:

=z
1- cosb
Polar axis: Replace 6 by - 6. Theresultisr = 1= cozs(-e) =1 fose'
The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace 6 byp -6.
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Section 10.2  Polar Equations and Graphs

r = 2 = 2 - .
1- cos(p - 8) 1- (cod(p)cosd +sin(p)sine)
_ 2 2
1- (-cosH +0) 1+ cosd
The test fails.
The pole: Replacer by - r. -r = 1_(:%. Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromO0to p.
0 0 P PR |20 op

2 2

6 312
undefined -»149 |4 | 2
1- cosH y

r =

w Il bw

__ 2 :
50. r = T-%cod Check for symmetry:

. o 2 _ 2
Polar axis: Replace 6 by - 6. Theresultisr = 1= >cost0) ~ I~ 2cod -

The graph is symmetric with respect to the polar axis.
Theline 6 :’E: Replace 6 byp -6.

r= 2 = 2 - -
1- 2cos(p - 0) 1- 2(cog(p)cosd +sin(p)sing)
B 2 2
1- A-cosH +0) 1+ 2cosO
Thetest fails.
. _ 2 .
The pole: Replacer by - r. -r= Tcod Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
0 0 b poofele] = |,
> > 6 3 213 > 6 >
=e— | -2 -2.7 lundefined | 2 | 1 0.7 ]|=
1- 2cosO 1- 73 7 1+ 73 7 3
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_ 1 :
51. = =3 Check for symmetry:

N o 1 _ 1
Polar axis: Replace 6 by - 6. Theresultisr = == >cos( ) - 3-2¢o9

The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace® byp -6.

3- 2cos(p- 0) 3- 2(cod(p)cosh +sin(p)sing)
_ 1 _ 1
3- - cosH +0) 3+ 2cosO
The test fails.
The pole: Replacer by - r. -r = m. Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
0 0 P plpf2p op p
1 1 B EI;. ? ? 1 o 1
r:3_20056 1 3_J§>>0.8 53| 7 3+J§»0.2 5
s

0 = . J n
- =
¥ W ot S e 8
R . =
1 .
| = 1 [
i y ’ ?
& .
1 L

52. r = ﬁ Check for symmetry:
Polar axis: Replace 6 by - 6. Theresultisr = - cols(- 3 - T- (%ose'
The graph is symmetric with respect to the polar axis.

Theline® =%5: Replace® byp -6.

NI
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- 1 _ 1
1- cos(p - 8) 1- (cod(p)cosd +sin(p)sine)
_ 1 1
- (- cosb +0) " 1+ cosd
Thetest fails.

) _ 1 :
The pole: Replacer by - r. -r = o8- Thetest fails.

Due to symmetry to the polar axis, assign valuesto 6 fromOto p.

o 0 D plef2 5p ,
2 2 : 212 2 26
r= undefined -»149 |4 |2 | - -»1.1]1
1- cosh ® 30 3 ae+‘/§9
él 2 & g 2y
53. r=06, 630 Check for symmetry:
Polar axis. Replace 6 by - 6. r =-60. Thetestfails.
Theline 6 :g:Replacee byp-6. r=p-6. Thetestfails.
The pole: Replacer by - r. -r=0. Thetest fals.
P P P 3P
® 199 5 3 > P 2 2p
r=6]0 %»o.s %»1.0 %»1.6 p»31 %’»4.7 2p » 6.3
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Chapter 10
4. r :g

Polar Coordinates; Vectors

Check for symmetry:

Polar axis. Replace 6 by - 6. r :%. Thetest fails.

3

Theline 6 :g: Replace 6 byp-6. r =5-0- Thetest fails.
The pole: Replacer by - r. -r = e§ Thetest fails.
3
o | o | g | 5|5 ]p | F |
r =3 undefined 35»5.7 25 2.9 2»1.9 2»1.0 5»0 = 5 0.5
0 p P 2p
55. r =csch - 2=§ﬁ—e- 2, 0<06 <p Check for symmetry:
Polar axis. Replace 6 by - 6. r =csc(-0) - 2=- csco - 2.
The test fails.
Theline 6 :g: Replace® byp -6.
1
r=csc(p-0)- 2= ———-
©-6) sin(p - 0)
- _ 1 __2=_1 _2=csh- 2
sin(p)cost - cogp)sin® sind
The graph is symmetric with respect to theline 6 = 5.
The pole: Replacer by - r. -r=cscO- 2. Thetest fails.
Due to symmetry, assign valuesto 6 from 0to ’E .
P P p P
o 0 |5 z 3 2
_ : 2J3
r =csch - 2|notdefined| 0|2 - 2»- 06 T'Z»'OB -1
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56.

S7.

Section 10.2  Polar Equations and Graphs

r=sinftan®  Check for symmetry:
Polar axis: Replace 6 by - 6.

r=gn(-0)tan¢0) =(-sinB)(- tan6) = sinb tano .
The graph is symmetric with respect to the polar axis.
Theline 6 :g: Replace® byp -6.

. &Ean(p)- tano &
r=sn(p - B)tan(p -6 cost - cos(p)sing z
(p - 6)tan(p -0) =(sin(p) P o a0 &
—sm@xt%e—-smetane
The test fails.
The pole: Replacer by - r. -r =sinftan6 . Thetest fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
0 of B [B] B [ 5p o
6 3 2 3 6
& 30
r=sinftand | 0 -1><£»0.3 3 | undefined | - 3 1>§-£: - 0
2 3 2 212 39

r =tanf, - g <0 <% Check for symmetry:

Polar axis. Replace 6 by - 6. r =tan(-0) = - tan6. Thetest fails.

Theline 6 :%:Replacee byp-6.

979



Chapter 10 Polar Coordinates; Vectors

tan(p) - tan® _ - tand _

r=tan(p-06)= = = -tand
(p-8) 1+tan(p)tand 1
The test fails.
The pole: Replacer by - r. - r =tan0 . Thetest fails.
0 _ b _b b 0 p P p
3 1 [ [ 4| 3

_ ] ] | V3 J3
r=tand |-J3»-17] -1 T» 0.6 0?»0.6 1|J3»17

290
58. =CO%E5,  Check for symmetry:

Polar axis. Replace 6 by - 6. r = cosae %8: cos%.

The graph is symmetric to the polar axis.
Theline 6 :g: Replace 6 byp -0.

%5 % 98' %zg 'Ezg"%' 'o¥
Thet&stfalls.
The pole: Replacer by - r. - r=cos%. The test fails.
Due to symmetry to the polar axis, assign valuesto 6 fromOto p.
o |o|lR[R]R[2[2R], s
6 3 ‘,2__ 316 =) .
r:cos?l o7 |92 2 {oas|o L
20 21 212 L RO R
(ah :

59. Convert the equation to rectangular form:
rsnb=a® y=a
The graph of rsinf = a isahorizontal line a units above the poleif a> 0, and | a| units
below the pole, if a < 0.
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60.

61.

62.

63.

64.

65.

66.

Section 10.2  Polar Equations and Graphs

Convert the equation to rectangular form:
rcosh =a® x=a

The graph of r cosb = a isavertical line a unitsto the right of the poleif a> 0, and |a|

unitsto the left of the pole, if a <O0.

Convert the equation to rectangular form:
r=2asing,a>0
r’ =2ar sin@
X?+y>=2ay® x°+y*- 2ay =0® x*+(y- a)* =a’
Circle: radius a, center at rectangular coordinates (0, a).

Convert the equation to rectangular form:
r=-2asing,a>0
r’=-2arsnf
X?+y?=-2ay® x*+y’+2ay=0® x*+(y+a)’=a’
Circle: radius a, center at rectangular coordinates (O, - a).

Convert the equation to rectangular form:
r =2acost,a>0

r? =2ar coso
X%+ y? =2ax® x*- 2ax+y’=0® (x- a)’+y’=a’
Circle: radius a, center at rectangular coordinates (a, 0).

Convert the equation to rectangular form:
r =-2acos6, a>0

r?=-2arcosd

X2+ y?=-2ax® x*+2ax+y?=0® (x+a)’ +y*=a’
Circle: radius a, center at rectangular coordinates (- a, 0).

(@ r’®=cosb: r’=cos(p-0) ® r’=-cosd Testfails.
(-r)’=cog(-0) ® r?=cos® New test works.
(b) r?=sin@: r’=sin(p-0) ® r?=sin® Testworks
(- r)Zzsm(-@) ® r®=-snf New testfails.

Symmetry with respect to the pole: In apolar equation, replace 6 by p +6.
equivalent equation results, the graph is symmetric with respect to the pole.
(@ r®=snf: r’=sin(p+0) ® r’®=-sinB New test fails.
(-r’=sin® ® r’=sin®  Testworks.
(b) r=cos’O: -r=cos’®  Testfails
r =cos’(p +0) =(- cosf)* =cos’6  New test works.

If an
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