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ABSTRACT: Polar coordinate is formed by the radius and the rotation angle. The radius indicates the distance of a point from the
pole, while the rotation angle is the angle from which starting point moves to ending point relative to the axis-x. Because polar
coordinate is affected by two variables, polar coordinate is defined on a plane. This research aims to find a general formula for
determining area and length of a curve. The curve equation is a cosine function, which is circular and cardioid. The graph of circle
is affected by constant and positive or negative sign on the cosine function. The constant determines the size of the graph, while
positive or negative sign indicates position of the graph in the quadrant. Similarly, the graph of cardioid is affected by constant and
positive or negative sign on the cosine function. The constant determines the size of the graph, while positive or negative sign
indicates the direction of the cardioid. The area of circle is directly proportional to the square of constant. The arc length of circle is
directly proportional to the constant. The area of cardioid is directly proportional to the square of constant. The arc length of cardioid
is equal to eight times the constant. The general formula for the area and the arc length of the curve is used to predict their values.
Simulations using several constant values are performed to practice the general formula for area and arc length of the circle and the
cardioid.
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1. INTRODUCTION

Polar coordinate is a pair of radius r and rotation angle . The rotation angle 6 rotates completely by 27 . The angle 6 is

independent variable and r is dependent variable, so the curve equation is written as r= f(@) (Dawkins, 2007). Because there are

two variables, polar coordinates are presented in a plane. The angle 8 will be processed by trigonometric functions, resulting in a
regular graph. The resulting figure can be a circle or a cardioid (Vanberg et al., 2007). Polar coordinate be useful for solving definite
integral problems that cannot or be difficult to solve using Cartesian coordinate. By using polar coordinate, definite integral problem
can be solved easily and quickly. In addition, the discovery of polar coordinate can produce notation or constant that is very important
in mathematics, for example 7 notation (Adam et al., 2022). Polar coordinate in statistics is useful for proving the property of the
probability density function of normal distribution. The development of polar coordinate is in the form of cylindrical coordinate and
spherical coordinate. These coordinates are useful for determining the volume of cylinder or sphere (Thomas et al., 1998).

Several researchs on polar coordinate have been conducted, including Barnet (2021), which discusses the arc length of a
lemniscate. A lemniscate is a curve whose equation is the product of a constant and the square root of cosine or sine function. The
lemniscate's shape resembles a rose. In Sudarno et al. (2025) discusses calculating the area and arc length of sine and cosine functions
about simple functions. In that article hasn’t been found general formula for determining area and arc length in any negative and
positive real number.

This research extends generalization of general formula for determining area and arc length of the circle and the cardioid. The
general formula is useful for simplifying determination of area and arc length of the curves. Furthermore, the general formula is
useful for predicting their values for any positive and negative real number. The general formula is applied by conducting simulations
on several positive integers.
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2. LITERATURE REVIEW

Cartesian and polar coordinates are coordinates that each have their own characteristics. But they have an interrelated
relationship. In Cartesian coordinate, there is a plane area, whereas in polar coordinate, there is also a plane area. In Cartesian
coordinate, there is a curve length, likewise the arc length is also found in polar coordinate [3]. Therefore, in this article we will
discuss the area and the arc length in polar coordinate, which of course they are based on Cartesian coordinate.

2.1. The Relationship between Cartesian and Polar Coordinates

There is a reciprocal relationship between Cartesian and polar coordinates. Cartesian coordinate (Xn y) and polar coordinate

(rag) are two coordinate systems for determining the position of a point on a two-dimensional plane. In Cartesian coordinates, the

abscissa x is the perpendicular distance from the point to the axis-y and the ordinate y is the perpendicular distance from the point
to the axis-x. Meanwhile, in polar coordinates, the radius r is the distance from the pole to the point and the angle 6 is the rotation
angle from the positive axis-x to the point. Both coordinate systems are related through trigonometric functions [5]. The relationship
between Cartesian and polar coordinates can be tabulated in Table 1.

Table 1. The relationship between Cartesian and polar coordinates

Cartesian Coordinate Polar Coordinate
X r
y g

(x.y) (r.6)
P(x.y) P(r.0)

X=rcosd =X +y?

y=rsing eztanl(xj

2.2. The Area of Region in Polar Coordinate

We need to know the basic formula for area to easily calculate the area of a region in polar coordinate. The basic formula for
area is the sector area formula. A sector is a portion of a circle [6]. We need to know the sector area, as stated in Proposition 1 below.
Proposition 1.

1
Let there is a sector, then the area of a sector is A= E r’e , where r is the radius of the circle, and @ is the rotation angle of the

sector.

Proof:

If we define A as the area of a sector, B as the area of a circle, C as the rotation angle of a sector, and D as the rotation angle of a
circle. Next, we use this comparison, namely

A C
At o alel ety
B D D 27 2
1
Therefore, the area of a sector is A=Ef29. (1)

In polar coordinate, the independent variable is @, while the dependent variable is 7. Therefore, the relationship between
variables be written as r = f (6) . The notation states that the radius  is function of the rotation angle 6 [1]. Based on Proposition
1, we can find a method for calculating the area of a sector or region based on the function r = f (¢). The method for calculating

the area of a sector is presented in Theorem 1.
Theorem 1.

Let  is the rotation angle of the point, whereas r is the distance from the pole to the point. If r = f (6), where & <0< 3, then the

sector area 4 be obtained by
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A=3[" rdo=1[ [f(6)]de. )
Proof:

1
Based on Equation 1 that A= > 16 , then for r = f (0) with the rotation angle o <8 < f, the sector area is

A=1[" rdo=1[ [f(6)]do.

2.3. The Arc Length of Curve in Polar Coordinate

The basis for determining arc length in polar coordinate is the same as in Cartesian coordinate. The arc length of a curve in
polar coordinates is written in Theorem 2.
Theorem 2.

Let r=f(6) be a function about §. It has derivative and continuous on interval a <@ < /3. The arc length of the curve r = f(6),

with the rotation angle « <0< f is

sz(ia‘/r2+(r')2 do. (3)
Proof:

Let r=f(9), where a <8< f,then x=rcosd= f(#)cosd and y=rsing= f(8)sing, so
x'=f'(@)cos@— f(O)sing and y'= f '(O)sinOd+ f(O)cosH.
The arc length of the curve r = f(0) is

L=[" Jey +(y)do

=Lia\/(f (0)cosd— f(O)sin)’ +(f(O)sin6+ f(9)cosh) do

:.[:a\/ f(0)) 2 (cos 0+sin® 0)+(f ‘(9))2(cosze+sin2€) do

—jM\/f(a) HH(O) do=[" Jr+(ry do

Since oS’ @+sin® @ =1. Therefore, if @ << S, then L = J'i r’+(r)’ do.

3. RESULT AND DISCUSSION

The following discussion applies area and arc length to curves in the shape of a circle and a cardioid. The result is presented
starting with simple problem and expanding its to obtain a general formula. The general formula is presented in the form of a
theorem. The theorem is useful as a tool for predicting the area or arc length of the curve.

3.1. Area and Arc Length of a Circle
A Circle in Quadrants One and Four

If given a curve I'= acosd , where a is a positive real number and o < ¢ < 2. The resulting graph is a circle located in
quadrants one and four. The circle has center at (1a,0) and radius is half a.

Problem 1.

Suppose there is a curve I' = COS o , Where the rotation angle is ¢ < ¢ < 2. Determine area and arc length of the curve.
Solution:

We choose 1, =1 <= 1=c0s80 < ,_o.We choose r.=0 < o_coso < 0==%.

pis
Therefore, the rotation angle is 0 <0 < PR

The graph I' =C0S6 be presented at Figure 1 below.
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Figure 1. The graph I' =C0S#

The region area be created by the curve I' =C0S€ is
zl2 zl2
=0

w2 )
A= L:O cos’ 0 d@ = %L} [1+cos26]dg = 1(9+1sin26]

Vs
=\ (xl2)|==
If F=C0S#, then '=-Sin@, so that the arc length of the graph r is
s=2[""\eos? 9 +sin? 0 do=26[}% =7 .
0=0 =
Problem 2.

Let there is the curve I'=2C0S60 , where the rotation angle is ¢ < ¢ < 2. Determine area and arc length of the curve.
Solution:

We choose 1, =2 <> 2=20080 <= 1=c0s0 <= ,_o.
We choose r . =0 < 0=2c0s0 < 0=c0sf <= g-:=.

r
Therefore, the rotation angle is 0 <0 < 5

The graph ' =2C0S6 can be presented as Figure 2.

Figure 2. The graph ' =2C0S6

The region area be made by the curve ' =2C0S6 is
zl2 P 72 1
A=4[" cos’0d0=2[" [1+c0s20]d0 =2(0+1sin20)|
=0 0=0

=[2(z/2)]=x

If we take ' =2C0S6, then I'=-2sin6 and the arc length of the graph r is

zl2
0=0
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s=2[""\Jacos? 9 +4sin? 0 do = 40[]"% = 2.
0=0 0=0

Another expansion of the multiplication of positive integers by the cosine function is written in Theorem 3. This theorem is a
generalization of area and arc length of the curve.
Theorem 3.

P s
If there is a curve I'=aC0S#, where @ is positive real number, 0< 6 < 7 Then

2
. a .
the area of the curve r is Tﬂ' , and the arc length of the graph r is ar .

Proof:
We choose 1, =a <> a=acosd <> 1=c0s0 < ,_o.

We choose lin =0 <= O=acos@ = O =cos & <~ 0=3.
. . T

Therefore, the rotation angle is 0< 6 < P

The area of the curve ' =aCc0s6 is

zl2
=0

a7 _8.2 _az " s
A=a*[ " cos Hde_?.[g [1+c0s20] 0 ==-(0+ 3sin20]] |

565

If the graph I =aC0S8, then I'=—asin@ . Therefore, the arc length of the graph ' =aC0S6 is

zl2

S =2.[”/2\/a2 cos’@+a’sin’0 do =2ad|  =ar.
0=0 0=0

If we take @=1,2,...,10, based on Theorem 3, we can determine area and arc length formed by the curve ' =aC0S8 as the
Table 2.

Table 2. Simulation value of curve ' =aC058

a r=acosd A L
1 r =cosd z x

4
2 r=2c0s6 z 2r
3 r=3cosd g;z r

4

1

9 r=9cosd ZOZﬂ Or
10 r=10cosd 257 107z

A Circle in Quadrants Two and Three
If given a curve '=-a cosé , where —a is a negative real number and ¢ < ¢ < 2. The resulting graph is a circle located in
quadrants two and three. The circle has center at (—1a,0) and radius is half a.
Problem 3.
If there is the curve [ =—C0S6, where the rotation angle is 0 <6 <27 . Find area and arc length produced by the curve.
Solution:
We choose r,,, =1 < 1=-c0s <= o—~. Wechoose r, =0 < 0 _coso &= 0= z Therefore, the rotation angle is

I ————————————
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<O0<r.

NN

The graph of circle I'=—C0S6 be shown by Figure 3 as follow.

90

120 60

0.8

150 0.6 30

0.4

180 0

210 330

240 300
270

Figure 3. The graph I =-C0S6
The area of the curve ' =-C0S6 is

A= J::”IZCOSZ 0do= %j::”/2[1+ c0s20]d0 =4 (0+3sin26[,

Y=z
2\ 2 4
If I=—-C0S8, then r'=sin@ . Therefore, the arc length of the graph is
S=2L4u4u329+sm20d9=2ﬂ;ﬂ2=ﬂ.
Problem 4.

If there is the curve ' =—2C0S8 , where the rotation angle is 0 <@ <27 . Find area and arc length be made by that curve.
Solution:

We choose Iy =2 <> 2=-200s0 <> -1=0050 <> ,_,.
We choose 1, =0 <= 0— _2cos0 < 0—coso < 6==.
. . T
Therefore, the rotation angle is 2 <0<r.
The graph ' =-2C0S6 is presented at Figure 4.
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Figure 4. The graph I =—-2C0S6
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The area of region created by the curve I'=—2C0S6 is
_ w 2 _ [ _ 1cj T
A=4[" cos’0do=2[" [l+c0s26]do=2(0+3sin20]
= [2(7[ / 2)] =7
If we put on ' =—2C0S8 , then r'=2sind. Therefore, the arc length of the graph is

$=2" Jacos’0+4sin’0do=46[; , =2r.
O=rl2

O=rl2

12

Another expansion of the multiplication of negative integers by the cosine function is written in Theorem 4. This theorem is a
generalization of area and arc length of the curve.
Theorem 4.

V4
If there is a curve I'=—-aC0S8, where _a is negative real number, E <0< 7. Then

2
. a .
the area of the curve is Iﬂ' , and the arc length of the graph is ar .

Proof:
We choose 1, —a <> a=-aC0s <> -1=00s0 < ,_ ...

T
We choose 1, =0 <= 0__acose0 < 0—_coseo < HZE_

r
Therefore, the rotation angle is ) <0<r.

The area of the curve I'=—aC0S6 is

12

7 a’ or a’ L
— a2 2 _a =2 9+1
A=a L:mcos 0dé= 5 Ig:”/2[1+00820]d9— 5 (0+3sin26|,

a’ ()| @
=| —| — =—7
2\2 4
If the graph ' =—aC0SH, then I'=asin @ . Therefore, the arc length of the graph I =—-aC0S6 is
S= 2.[; lzx/az cos’ @+a’sin’ @ d6 = 2ad|,

o=rl2

ar.

If we take @=12,...,10, based on Theorem 4, we could find both area and arc length made by the curve I'=—aC0S6 as

shown in Table 3 below.

Table 3. Simulation value of curve ' =—ac0S6
a r=-acoséd

A L
1 [ =—cosé z x

4
2 r=-2co0sd P 2
3 r=-3cosé ey K

1

9 r=-9cosé ZOZﬂ 9
10 r=-10cosé 257 107z

3.2. Area and Arc Length of a Cardioid
A Cardioid with Direction to the Right
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If given a curve = t+a+acosé , where a is a positive real number and o < ¢ < 2, . The resulting graph is a cardioid with
direction to the right.
Problem 5.

Let there is a curve ' =11+C0S0, where the rotation angle is 0<0<27. Find area and arc length be shown by a curve
r=x1+c0s6.

Solution:

We choose 1, =2 <> 2=1+C0s0 <= 1=c0s0 <> ,_o.

We choose 1, =0 < 0_14c0s0 < —1—cose <> O0=1.

Therefore, we can choose the rotation angle is 0<6< 7.
The graph of the cardioid is drawn below.

90
120 60

150 30
180 0 0

210 330

240 300
270

Figure 5. The graph I'=11+c0s6

The area be generated by curve ' =1+C€0S6 is
A= I;:0(1+ 2c0s0+cos’ 0) do = I::O[l+ 2c0s60+3 (1+c0s20) | d@
—(0+2sin0+5(0+5sin 2], :@;TJ
The area be generated by curve I' = -1+cosé is
A= j::0(1—20059+cosz 0)do= J‘;O[l—ZcosH+%(l+ c0s20) | d@
=(0-2sin0+%(0+3sin26] =@;pj
For the curve ' =14C0S6, then ' =—sin@, so that the arc length be generated is
S= 2_[;:0\/1+ 2c0s @ +cos’ §+sin* 0 d6 = ZJ.;O\/@ do=8sin16]’ =8.

For the curve ' =-1+C0S8, then r'=-sin@, so that the arc length be generated is
_ [T . 2 -2 _of" 21 _ 197 _
S= 2_[0:0\/1 2cos@+cos” @+sin“ 6 do = 2.[0:0"4S'n 26 d6 =-8cos 249|5:0 =8.
Problem 6.

Suppose there is a curve ' =22+2C0S6 , where the rotation angle is 0< 6 <27 . Determine area and arc length be made the curve.

Solution:
We choose 1, =4 <> 4=2+200s0 <> 1=00s0 < ,_o.

Wechoose I, =0 < 0_2.,2c0s0 < —1—cose < O=1.

Therefore, the rotation angle is 0< < 7.
The graph of the cardioid be presented as follow.
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Figure 6. The graph I'=12+2c0s6

The area be generated by curve I'=2+2C0S8 is
A=[" (4+8cos0+4cos’0)d0 =" [4+8cosO+2(L+cos20)] dO
6=0 6=0
= (60+8sing+sin20] =67
The area be generated by curve I'=—2+2C0S6 is
_ V4 _ 2 _ V4 B
A= (4-8cosO+4cos’6)do= [ [4-8cosd+2(L+cos26)] dO
= (60—-8sind+sin20|, =67
For the curve '=2+2C0S6, then r'=-2sinf, so the resulting arc length is
_ 7 2 . ) _ 4 2
=2 J4+8cosO+4cos’ 0+4sin’0 do=2[" \16cos’ 16 do

=16sin6|’ =16

For the curve ' =—2+2C0S6 , then r'=-25in#, so thet the resulting arc length be
— z _ 2 =2 _ T ) l
S —2_.-6:0\/4 8cos@+4cos’ O +4sin’ 0 dg = 2'[9:01/165|n 1o d¢9'
=-16cos1d| =16

Another expansion of the multiplication of positive integers with cosine function to find area and arc length is written in

Theorem 5. The theorem is generalization in determining area and length of a curve ' =2a+aC0S# , for any positive real number
a.
Theorem 5.

If there is a curve ' =18+aC0SH , where @ is any positive real number, 0<0 <27 . Then

3
the area of the curve is > a‘r , and the arch length of the curve is 82 .

Proof:
We choose r,, =2a <> 2a=a+ac0sd <> 1=c0s0 < ,_o.
Wechoose I, =0 < 0_aiacose < —1—coso < O=1.
Therefore, the selected rotation angle is 0< @< .
The area produced by the curve ' =a+aC0S6 is
A= Jw (a® +2a” cos0+a’ cos’ 0) o = j” [a® +2a” cos 0+ 1’ (L+c0s20) | dO
0=0 0=0
=(3a’0+2a’sin@+1a’sin 26‘” =3a’z
9=0

|
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The area produced by the curve ' =-a+ac0sé is
A= J'” (a® - 2a’ cos9+a” cos” 0) d6 = j” [a® —2a cos0+1a’ (L+cos 26) | dO
6=0 0=0
=(3a’9-2a’sind+1a’sin 20‘” =3a’r
0=0
For the curve I =8+aC0S#, then r'=-asin@ , so the resulting arc length is
_of" 2 2 2 2 2 a2 _ " 21
S= ngzox/a +2a°cosf+a“cos"@+a“sin“ g dd = 2'[6:0‘/4cos >0do

_ inlplt _—
=8asinig| =8a

For the curve I =—8+aC0S6 , then r'=-asin@, so the resulting arc length is
Y 2 _9n2 2 2 2 ain? Y 20in2 1
S_ZJ.QZO\/a 2a°cosf+a“cos” d+a“sin 9d9_2j‘0:0‘/4a sin“36 dé

__ 1" _
=-8acos1d| =8a

If we choose a=1,2,...,10, based on Theorem 5, we can determine area and arc length formed by the curve ' =2a+acosé

as in Table 4 below.

Table 4. Simulation value of curve I =ta+acoséd

a r=+a+acosd A L
1 r=+1+cosé 1%7[ 8
2 r=+2+2cosd 67 16
3 r=+3+3cosd 13%;; 24
9 r=1+9+9coséd 121%;7 72
10 r=+10+10cosé 1507 80

A Cardioid with Direction to the Left
A cardioid with direction to the left, it has equation I'= +a-acosd , where -d is any negative real number and o < g < 2, 18

full rotation angle.
Problem 7.
Suppose there is a curve ' =21-C0S6, where the rotation angle is 0<#<27. Find area and arc length be made by a curve

r=+1-cosd.

Solution:

We choose 1. =0 <> 0=1-00s0 <= 1=c0s0 < ,_o.
Wechoose ., =2 < 2_1 coso < —1—cose <> O0=1.

Therefore, the rotation angle is 0< < 7.
The graph of the cardioid is presented as Figure 7 below.
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Figure 7. The graph I =+1-C0s6

The area produced by curve I =1-c0s8 is
_[" 2 ("
A=[" (1-2cosf+cos’0)do =" [1-2c030+%(L+c0s26)]do

= (6-2sin6+%(0+4sin26] =87z]
The area produced by curve I'=-1-C0S6 is
A= I;:0(1+ 2c0s0+cos’ 0) do = I::O[l+ 2c0s0+3 (1+c0s26) | @
= (6+2sin0+41(+1sin26] =(gﬂj

For the curve I =1-C0S@ , then r'=sin@, so that the resulting arc length is
2" _ 2 2 Y 21
S_Z_[G:O\/l 2c0s @ +cos” 8 +sin 0d9_2I€:0,14S|n 26 do

=—8cos30, =8

For the curve I'=—1-C0S@, then r'=sin@, so that the resulting arc length is
_s[" 2 s 2 _[" 21
s =2[" \1+2c0s0-+cos? 0+sin’ 0 do =2[ " \[4cos? 10 do
=8sini6’ =8
Problem 8.
Let there is a cardioid I'=22—-2C0S6 , where the rotation angle is 0< 6 <27 . Determine area and arc length be made by that

cardioid.
Solution:

We choose 1, =4 <= 4=2-2c050 < -1=c0s0 < ,_ ..
We choose rmin:O = 0=2—2cosé@ = 1=cos& = 620

Therefore, the rotation angle is 0< @< 7.
The graph of the cardioid be preseted as follow.
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Figure 8. The cardioid I =+2—-2€0S6

The area produced by cardioid I =2-2€0S6 is
_[” 2 [
A= (4-8cosO+4cos’0)d6 = [4-Bcosd+2(L+cos26)] dO
= (60—8sing+sin26|, =67
The area produced by cardioid I =—-2-2€0S8 is
A=[" (4+8cosf+4cos’0)d0 =" [4+8cos+2(L+cos26)] d
6=0 0=0
= (60+8sind+sin20|] =67
For curve ' =2-2C088, then r'=2Sin@, so that the resulting arc length is
_ 4 2 -2 _ 4 L2
s =2[" J4-8cos0+4cos” 0+4sin’0 do=2[ " \f16sin’ 10 do

=—16cosid| =16

For curve I =—2—2C0S@ , then r'=2Sin @, so that the resulting arc length is
— . 2 a2 _ z 21
S = 2I0:0J4+8c059+4cos 0+4sin“ 0 do = 2_[9:0ﬂ/16cos 16 do

=16sini6’ =16

Another expansion of the multiplication of any negative real number with cosine function to find area and arc length is written
in Theorem 6. The theorem is a generalization in determining area and length of a curve I'=18-aC0S# , for any negative real

number —Q .
Theorem 6.
If there is a curve ' =18-aC0S@ , where —@ is any negative real number, 0 <6 <27 . Then

3
the area of the graph is > a’r, and the arch length of the graph is 8a.
Proof:
We choose r,, =2a <> 2a=a-ac0sd <> -1=c0s0 < ,_ ..
We choose r,, =0 < o0_a_acoso0 < 1—coso < 0=0.
Therefore, the rotation angle selected is 0< < .
The area produced by curve I'=a-aCc0s6 is
A= j” (a® - 2a’ cos0+a” cos” 0) d6 = J” [a®-2a%cosf+1a’ (1+cos20) | do
0=0 =0
=(3a’0-2a’sinf+1a’sin 20‘” =3a’r
6=0

The area produced by curve I'=—a-2aC0s8 is
|
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A= I;O(az +2a’ cosf+a’ cos’ 0) do = I{:O[az +2a’ cos0+3a’ (1+c0s20) | do
=(3a’0+2a’sin@+1a’sin 26‘” =3’z
0=0
For the curve I =8-aC0SH, then r'=asin@, so that the resulting arc length is
Y 2 _9n2 2 2 2 ain? s 20in2 1
S= 2[0:0\/a 2a“cosf+a“cos”@+a“sin“ g df = ZL:OJ4a sin“36 dé

__ 1" _
=-8acos1d| =8a

For the curve ' =-a-aC0S#, then r'=asiné , so that the resulting arc length is
— . 2 2 2 2 2 - 2 _ T 21
=2 \Ja’+2a’cos0+a’ cos’ 0+a’sin’ 0 do=2[" [4cos’ L0 do

_ inlplt _
=8asinig| =8a

If we take @=1,2,...,10, based on Theorem 6, we could find area and arc length formeb by the curve I'=1a-aC0S€ as in
Table 5 below.

Table 5. Simulation value of curve I =—a—ac0sd

a r=+a+acosd A L
I r=+1-cosd 1%;[ 8
2 r=+2-2cosd 67 16
3 r=13-3cosé 13%;; 24
9 r=+9-9cosé 121%; 72
10 r=+10-10cosé 1507 80

4. CONCLUSION

A point in polar coordinate is a pair of radius r and rotation angle f, with the notation (r,8). A set of pints will form the curve

r=f(0).A graph I =£aC0S8, where a is any positive real number, 0 <0 <27 shape the circle. The circle I'=2aC0S6 has both

2
a
the area of circle is Zﬂ’ and the arc length of circle is ar . A graph I'=%a+ac0Sf, where a is any positive real number,

3
0<0<27 shape the cardioid. The cardioid I =£81+aC0S6 has both the area of the cardioid is 5 a’z , and the arch length of the

cardioid is 88 . The general formula for area and arc length of the curve can be used as a tool to predict their values.
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