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1. r=2asinf is a (a) line, (b) circle, (c) lemniscate.
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Area of a Polar Region Area between Polar Curves

Limagon (Snail): r =1 — 2cosf

o=1ir m
r=1-2cosd 7 L0 1,00
/ olar axis 3
Y

Area between the Inner and Outer Loops
o Sketch in 4 stages: [0, 3], [3m, @], [m, 3], [3m, 2n].
® A= Aouter — Ainner = (27T —+ %\@) — Ainner

Area Within Inner Loop: Ainner

us

ey = 2/3; [1- 2c059]2d9 = /3(1 —4c050+4cos29)d9
0 0

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Limagon (Snail): r =1 — 2cosf

o=1ir m
r=1-2cosd 7 L0 1,00
/ olar axis 3
Y

0<6<27

Area between the Inner and Outer Loops

o Sketch in 4 stages: [0, 3], [3m, @], [m, 3], [3m, 2n].
® A= Acuter — Ainner = (27T + %\@) — Ainner

Area Within Inner Loop: Ainner

s

A;nner:2/3;[1—2c059]2d9:/3(1—4c050+4cos29)d9
0 0

:/3(1—4c050+2+2cos20)d9 [lll
0



Area of a Polar Region Area between Polar Curves

Limagon (Snail): r =1 — 2cosf

r=1-2cosd 7 L0 1,00
/ olar axis 3
Y

0<6<27

Area between the Inner and Outer Loops

o Sketch in 4 stages: [0, 3], [3m, @], [m, 3], [3m, 2n].
® A= Acuter — Ainner = (27T + %\@) — Ainner

Area Within Inner Loop: Ainner

™

Ainner:2/3;[1—2c059]2d0:/3(1—4c059+4c0520)d0
0 0

jus

3 e i
:/ (1—4cosf +2+2cos20)df = [30—4sm0+sm20] - ...
0 0

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Limagon (Snail): r =1 — 2cosf

1,0 m

et polar axis 3.7

[
s3T O<é@snm

0 m

polar axis U polar axis

0<0<37 0<6<27

Area between the Inner and Outer Loops

o Sketch in 4 stages: [0, 3], [3m, @], [m, 3], [3m, 2n].
o A= Aouter - Ainner = (27T + %ﬁ) - (77 - %\/g) =7+ 3\/§

Area Within Inner Loop: Ainner

™

Ainner:2/3;[1—2c059]2d0:/3(1—4c059+4c0520)d0
0 0

olar axis

jus

3
:/3(1—4c059+2+2c0520)d0: [30—4sin0+sin20] =... [lll
0 0



Area of a Polar Region Area between Polar Curves
Area between Polar Curves

Area between r = p1(6) and r = pa(0)

area of Q

polar axis

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves
Area between Polar Curves

Area between r = p1(6) and r = pa(0)

B2 1 2
area of Q = / 2 [p2(8)]° d6
a2

A1
_ / %[pl(e)f do

(e %1

polar axis

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves
Area between Polar Curves

Area between r = p1(6) and r = pa(0)

B2 1 2
area of Q —/ 5[/}2(9)] do

2

A1
_ / %[pl(e)f do

(e %1

= /j; ([,02(9)]2 - [Pl(g)]2> do
if ai=ar=0a, p[1=0=00.

polar axis

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves
Area between Polar Curves

Area between r = p1(6) and r = pa(0)

B2 1 2
area of Q = / 2 [p2(8)]° d6
a2

A1
_ / %[pl(e)]z do

(e %1

B
—/ % ([,02(9)]2 - [Pl(g)]2> do
if ar=am=a, [i=ph=0

polar axis

Extra care is needed to determine the intervals of € values (e.g,
[cv1, 51] and [av, F2]) over which the outer and inner boundaries of
the region are traced out. [lll

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

r=2cosé

Area between Circles: r =2cosf and r =1

polar axis

Jiwen He, University of Houston

Area between r = 2cosf and r =1




Area of a Polar Region Area between Polar Curves

Area between Circles:

r=2cosé

polar axis

Jiwen He, University of Houston

r=2cosf and r =1

Area between r = 2cosf and r =1

@ The two intersection points:
2cosf=1 = cosf= %

55 = [af=[-33

=
3' 3




Area of a Polar Region Area between Polar Curves

Area between Circles: r =2cosf and r =1

Area between r = 2cosf and r =1

@ The two intersection points:
- 2cosf=1 = cos@z% =
5 s
53 = lefl=[-33
@ By symmetry,
r=2cos0 area of Q2

polar axis

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area between Circles:

r=2cosé

polar axis

Jiwen He, University of Houston

r=2cosf and r =1

Area between r = 2cosf and r =1

@ The two intersection points:

2cosf =1 = cos@z% =
5% = [x6=[-33
@ By symmetry,

area of Q

[

([02(9)]2 - [01(9)}2) df




Area of a Polar Region Area between Polar Curves
Area between Circles: r =2cos@ and r =1

Area between r = 2cosf and r =1

@ The two intersection points:

o=1 2c0s=1 = cosf=1% =
5 us
%' ?ﬂ- = [047,3] - [_§7%
@ By symmetry,
F =2 cosB area of Q2

= /j; ([02(9)]2 - [01(9)}2) df
:2/0§ > ([2cos6]? - [1]?) a6

polar axis

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves
Area between Circles: r =2cos@ and r =1

Area between r = 2cosf and r =1

@ The two intersection points:
6==x 2c0s=1 = cosf=1% =

S s
%' 5% = [avﬂ]:[_gvg

@ By symmetry,
area of Q

= /j; ([02(9)]2 - [01(9)}2) df
2/0g;<[2c050]2— 1)) o

x
:/ (1 + 2cos26) do
0

r=2cosé

polar axis

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area between Circles: r =2cosf and r =1

Area between r = 2cosf and r =1

@ The two intersection points:

o=1 2c0s=1 = cosf=1% =
75 = [A=[-33
@ By symmetry,
area of Q

r=2cosé

= /j; ([02(9)]2 - [01(9)}2) df
2/0g;<[2c050]2— 1)) o

e
8

= (1 + 2cos26) do
br 0
3 us
:{0+sin29]3: L3 |
0 2

polar axis

w3

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Quiz

3. area of r = 2asinf is :

(a) 72, (b) %7732, (c) &2

4. area of r’ = a%sin20 is :

(a) 72, (b) %7732, (c) 2

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

r=2sin@

r=2sin 260

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

@ The three intersection points:
2sin260 = 2sinf = 2sinfcosf = sinf =
sinf(2cosf —1) =0 = sind =0 or
cosf =% =0,0rZ, F = [o, 0] = [0, 5]

and [o, 8] = [, 7]

r=2sin@

r=2sin 260

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

@ The three intersection points:
2sin260 = 2sinf = 2sinfcosf = sinf =
sinf(2cosf —1) =0 = sind =0 or
cosf =% =0,0rZ, F = [o, 0] = [0, 5]

and [o, 8] = [, 7]

r=2sin@

s 4 o By symmetry,
A1

r=2sin 260

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

@ The three intersection points:
2sin20 = 2sinf = 2sinfcosf =sinf =
sinf(2cosf —1) =0 = sind =0 or
cosf =% =0,0rZ, F = [o, 0] = [0, 5]
and [o, 8] = [, 7]

o By symmetry,

Ay = /j; ([P2(9)]2 - [01(9)}2) dd

r=2sin@

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

@ The three intersection points:
2sin260 = 2sinf = 2sinfcosf = sinf =
sinf(2cosf —1) =0 = sind =0 or
cosf =% =0,0rZ, F = [o, 0] = [0, 5]
e and [o, 5] = 5{,7r]
o By symmetry,

@ Ay = /j; ([P2(9)]2 - [01(9)}2) dd

31 . 2 . 2
O@wa —/0 5 ([2sm20} = [2sm0] ) do

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

@ The three intersection points:
2sin260 = 2sinf = 2sinfcosf = sinf =
sinf(2cosf —1) =0 = sind =0 or
cosf =% =0,0rZ, F = [o, 0] = [0, 5]
e and [o, 5] = 5{,7r]
o By symmetry,

@ Ay = /j; ([P2(9)]2 - [01(9)}2) dd

E]

31 . 2 . 2
O@wa —/0 5 ([2sm20} = [2sm0] ) do

3
= / (cos 20 — cos 49) db
0

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Area outside Circle r = 2sin 8 and inside flower r = 2sin 26

@ The three intersection points:
2sin260 = 2sinf = 2sinfcosf = sinf =
sinf(2cosf —1) =0 = sind =0 or
cosf =% =0,0rZ, F = [o, 0] = [0, 5]
e and [o, 5] = 5{,7r]
By symmetry,
A1

A °
31 . 2 . 2
O@wa —/0 5 ([2sm20} = [2sm0] ) do

3
= / (cos 20 — cos 49) db
0
F 3v3

0 [

E]

1 1
= [2sin29 — Zsin49

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

3

Area between Circle r = 2sin and Limacon r = 5 —

= 2sin6

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

@ The two intersection points:
2sinf = % —sinf = sinf =

= 2sin6

N[

Jiwen He, University of Houston




Area of a Polar Region Area between Polar Curves

3

Area between Circle r = 2sinf and Limacon r = 5 —sin{)

@ The two intersection points:
inh = 3 _ g ing = 1 m 5w
2sinf = 5 —sinf = sinf =5 = ¢, %
.2 sing @ The area can be represented as follows:

A

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

3

Area between Circle r = 2sinf and Limacon r = 5 —sin{)

@ The two intersection points:
2sin9:%—sin9 = sinf = % = I, %

.2 sing @ The area can be represented as follows:

_ 1. .
A—/O 5[2sm9] do

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

= 2sin6

polar
axis

=2 _sine

Jiwen He, University of Houston

@ The two intersection points:
2sin9:%—sin9 = sinf = % = I, %”

@ The area can be represented as follows:
51
A:/6 ~[2sin6]* do
0 2

57
+/; %[g—sin9]2d9




Area of a Polar Region Area between Polar Curves

@ The two intersection points:
2sin9:%—sin9 = sinf = % = & %”
2 5ing @ The area can be represented as follows:
N A
A:/ 7[2sm9] do
0 2

5

i +/gﬁé[g—sin9]2d9

+A;[zsin9}2de

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

@ The two intersection points:
e 25in9:%—sin0:sin0:%:>%,%7r
2 5ing @ The area can be represented as follows:
51
A:/6 ~[2sin6]* do
9:56_” [1,%] 925 05 2
T 1.3 .
—|= —sinf|" do
polar +/€ 2[2 >N :|
Sl oo
/-3 _sino +/5ﬂ2[2sm9] de
6
5 15
=-.=-1——V3
g e

Jiwen He, University of Houston



Area of a Polar Region Area between Polar Curves

Outline

o Area of a Polar Region
Basic Polar Area
Circles

Ribbons

Flowers

Limacons

(]

e © o o

@ Area between Polar Curves
Between Polar Curves
Between Circles

Between Circle and Flower
Between Circle and Limacon

(]

e o o

Jiwen He, University of Houston
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