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Section 10.7 Graphs of Polar Equations

m  When graphing polar equations:
1. Test for symmetry

(c) Pole: Replace(r, 6) by (r, = + 6) or (—r, 6).

2. Find the 6 values for which |r| is maximum.
3. Find the 0 valuesfor whichr = 0.
4. Know the different types of polar graphs.

does not have a polar mode, use
x = f(t) cost
y = f(t) sint

in parametric mode.

(@ 6= w/2: Replace(r, ) by (r, @ — 6) or (—r, —6).
(b) Polar axis: Replace (r, 6) by (r, —0) or (—r, 7 — 6).

(d) r = f(sin 6) is symmetric with respect to theline 6 = /2.
(e) r = f(cos ) is symmetric with respect to the polar axis.

(8 Limagons (b) Rose Curves, n=2
r=azxbcoso r = acosné
r=a+bsné r=asnné

(c) Circles (d) Lemniscates
r=acosf r2 = a?cos 20
r=asno r2 = a’sin26
r=a

®m  You should be able to graph polar equations of the form r = f(6) with your graphing utility. If your utility

Solutions to Odd-Numbered Exer cises

1. r = 3cos 260 isarose curve. 3. r=3cosfisacircle.

7.r =10+ 4cos 6

0=g: —r = 10 + 4 cos(— 6)

—r =10+ 4cos6 Not an equivaent equation

r =10 + 4 cos(w — 6)

r = 10 + 4(cos 7w cos 6 + sin 7 sin 6)

r=10— 4cos6 Not an equivaent equation
Polar axis: r = 10 + 4 cos(— 6)

r =10 + 4cos# Equivalent equation

Pole: —r = 10 + 4 cos 6 Not an equivalent equation
10 + 4 cos(m + 6)
10 + 4(cosm cos @ — sin 7w sin 6)

r

r
r=10— 4cosé Not an equivalent equation
Answer: Symmetric with respect to polar axis.

5. r =6sn20isarosecurve.
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o9r

7T.
0= >

Polar
axis:

The
pole:

Answer: Symmetric with respect to 6 = 7

r

6

T 1+sn6

__ 6
1+ sin(w— 6)

6

r =

1+ snmwcosh — coswsSin@

_ 6

1+sn6

Equivalent equation
6

1+ sin(—#6)

_ 6

1—-sné

Not an equivalent equation
6
1+ sin(m— 0)

_ 6
1+ sno

r =

—r =

Not an equivalent equation

r:76
1+ sné6

Not an equivalent equation

6
r_1+sin(7r+ 6)

__ 6

1—-sné

Not an equivalent equation

13. r =4secfcsc o

0=127: —r = 4 sec(—0) csc(—0)
—r = —4sechcsco
r=4seceocscé
Equivalent equation
Polar axiss —r = 4 sec(w — 0) csc(r — 0)
—r = 4(—sec ) csc 0
r=4seceocscé
Equivalent equation
Pole; r = 4sec(w + 0) csc(m + 0)

r = 4(—sec 6)(—csc 0)

r=4secéocsco
Equivalent equation

11. r =6sn#
T, e sl
0= > r=6sn(—6)
r=6sno
Equivalent equation

Polar axis: r = 6sin(—6)
r=-6sné
Not an equivalent equation
—r =6sn(7 — 0)
—r = 6(sin 7 cos § — cos 7 sin 6)
—r=6sné6
Not an equivalent equation
Pole: —r=6sné6
Not an equivalent equation
r=6sn(r+ 6
—6sné6
Not an equivalent equation

r

Answer: Symmetric with respect to 6 = 7—27

Answer: Symmetric with respect to 6 = /2, pole axis, and pole



513 PART I: Solutions to Odd-Numbered Exercises and Practice Tests

15. r2 = 25sin 260
0=—: (—r)2 = 25sin(2(—0))

r2= —25sin26 Not an equivalent equation

r2 = 25sn(2(7 — 6))

r2 = 25sin(27 — 26)

r2 = 25(sin 271 c0s 20 — cos 27 Sin 26)

r2= —25sin20 Not an equivalent equation
Polar axis: r?2 = 25sin(2(—6))

r2= —25sin26 Not an equivalent equation

(=12 =25sn2(w — 6))

r2= —25sin26 Not an equivalent equation
Pole: (—r)?2 = 25€in(20)

r2 = 25sin 20 Equivalent equation

Answer: Symmetric with respect to pole.

17. |r| = |10(1 — sin )| 19. |r| = |4 cos36| = 4 |cos 36| < 4

= 10|1 — sin | <10(2) = 20 |cos36| = 1
|1 -sing| =2 cos360 = +1

_gng = _g§no = — 2
l1-sn#=2o0r1-—sné6 2 9:0,7—;,?,77

sng= -1 sng=3 )
a &7
0:37# Not possible aximum: |r| when 6 0,3, 37

. 3 = =
Maximum: |r| = 20 when 6 = =, r =0 when cos36 =0

2 g T 5T

r=0when1—snf=0 62 6"
sng=1
0_71
>

21. Circleer =5 23. r = 7éisacircle. 25. r=3sin0

Symmetric with respect to 6 = g

n
2

NI

Circle with radius of g

NI

A% |
N .
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27. r = 3(1 — cos 0) 29.r=3—-4cos0 3. r=6+sné
Cardioid Limagon Convex limagon
H .
7 3

0
12
. 0
33. r = 5cos360 35. r=7sn260 37. rzi
Rose curve Rose curve L
Symmetric with respect
I 4 petals e
2 tof=—
2
Spiral
3
0
1 5 6
0
39. —107 < 60 < 107 41. 0<s6<sw 43. 0< 0 < 27
4 4 10

(@)
\\/,

|
)

°">

45 0< 0 < 27 47. 0< 6 < 49, —2w < 0 < 2w

6 2

R ] e

N /| |
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5. 0< < w 53. 0< 6 < 27 55. r=3—2c0s6,0 < 0 < 27
2 12 4
-3 e E -------- -6 |t L L1 e
-2 -4 -4
. 36
57. r=2+sn6, 0<60<2w 59. r = 2co E,OS0<47T
5 2
61. 12 = 4sin 26, 0s0<7—27 63.r =2 — sech
(User, = V4sin26andr, = —/4sin 20.) x = —lisan asymptote.
2 4

| \J

2 117
0 67. Fase If 6 = 5 r=4 69. Fase. It has5 petas
2 isan asymptote.

-4

65. r =

3

71. (b) (© 13

18

16

~12 1|12

-3

The angle ¢ rotates the graph around the pole. In part (¢), r = 6[1 + cos(@ - 7—;)} =6[1+ sin4].
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73. Usethe result of Exercise 72.
(8 Rotation: ¢ = 127
Original graph: r = f(sin 6)
Rotated graph: r = f(sin(e - ;)) = f (—cos )
(b) Rotation: ¢ = 7
Original graph: r = f(sin 6)
Rotated graph: r = f(sin(6 — @) = f(—sin 6)

(¢) Rotation: ¢ = 7
Original graph: r = f(sin 6)

Rotated graph: r = f(sin(e - 3;)) = f(cos 6)

75. (@ r = Zsin[z(e — g)} ©) r = zgn[z(g _ 727)}

; _T _m =2sn(20 — m
4S|n<6 6) cos<0 6> o anae
25in(

20—9 = —4sinfcoso

=dn20 — J/3cos26

(©r= 25in[2<0 — 2;)} (d) r =2sn2(6 — m)]
o o = Zs!n(ZO — 2m)
=4sin<0—3)cos<0— 3) = 2sin26
= 45sin6cos b

47
=2sn20 — —
sm( 3)

= /3c0s20 — sin26

77.r =2+ kcos 9
k=0 k=1

Circle Convex limagon

4 4

W .
o W

4 -4

k=2 k=3
Cardioid Limagon with inner loop

4

4
4

-4



