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See the Java applet with no curve selected.
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The curves displayable using the Polar Java applets have the polar

equations:

Astroid: r(θ) = a
√

cos4 θ − cos2 θ sin2 θ + sin4 θ

Daisy: r(θ) = a+ b sin(c(θ − d))

Generalized conics: r(θ) = a+ b
1+ c sin(d(θ − e))

Lemniscate: r(θ) = a+ b
√
|cos(2c(θ − d))|

Spiral: r(θ) = a+ bθ + cθ2 + dθ3 + eθ4
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d2x
dθ2

= d
dθ

(−r(θ) sinθ + ṙ (θ) cosθ) =
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= r̈ (θ) cosθ − 2ṙ (θ) sinθ − r(θ) cosθ



1.8

dx
dθ

= −r(θ) sinθ + ṙ (θ) cosθ
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ṙ (θ)




d2x
dθ2
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ṙ (θ)
r(θ)

tanθ + 1
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−r(θ) sinθ + ṙ (θ) cosθ
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ṙ (θ)
r(θ)

tanθ + 1

ṙ (θ)
r(θ)

− tanθ

d2y
dx2

=
dx
dθ

d2y
dθ2 − d2x

dθ2
dy
dθ(

dx
dθ

)3 = yadayadayada=

r(θ)2 − r̈ (θ)r(θ)+ 2ṙ (θ)2
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L =
∫ β
α

√
(nenθ)2 + (enθ)2dθ =

∫ β
α

√
n2e2nθ + e2nθdθ =

√
n2 + 1

∫ β
α
enθdθ =

√
n2 + 1

1
n
enθ

∣∣∣∣
β

α
=



1.14

Example:Example:
Find a formula for the length of the curve r = enθ , α ≤ θ ≤ β.

Solution: We have ṙ = nenθ , so
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(−a sinθ)2 + (a(1+ cosθ))2 = a2 sin2 θ + a2(1+ cosθ)2 =



1.15

Example:Example:
(Bob Adams,8.6-Example 4,p.515) Find the length of the curve
r = a(1+ cosθ).

Solution: The curve is symmetric about the x-axis, so the total length
equals twice the length or the curve from θ = 0 to θ = π .
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ṙ 2 + r 2 =

√
4a2 cos2 θ

2
= 2a cos

θ
2

, and thus



1.16

L = 2
∫ π

0
2a cos

θ
2
dθ =



1.16

L = 2
∫ π

0
2a cos

θ
2
dθ = 4a

∫ π
0

cos
θ
2
dθ =



1.16

L = 2
∫ π

0
2a cos

θ
2
dθ = 4a

∫ π
0

cos
θ
2
dθ =

4a(2) sin
θ
2

∣∣∣∣
π

0
=



1.16

L = 2
∫ π

0
2a cos

θ
2
dθ = 4a

∫ π
0

cos
θ
2
dθ =

4a(2) sin
θ
2

∣∣∣∣
π

0
= 8a



1.17

Example:Example:
(Bob Adams,8.6-Problem 12,p.515) Find the length of the curve r = θ2,

0 ≤ θ ≤ π .



1.17

Example:Example:
(Bob Adams,8.6-Problem 12,p.515) Find the length of the curve r = θ2,

0 ≤ θ ≤ π .

Solution: We have ṙ = 2θ, so
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ṙ 2 + r 2 = (2θ)2 + (θ2
)2 = 4θ2 + θ4 = θ2

(
2+θ2

)

and so
√
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ṙ 2 + r 2 =

√
a2 + 1e2aθ , and thus

L =
∫ π
−π

√
a2 + 1eaθdθ =

√
a2 + 1

∫ π
−π
eaθdθ =



1.19

Example:Example:
(Bob Adams,8.6-Problem 13,p.515) Find the length of the curve r = eaθ ,

−π ≤ θ ≤ π .

Solution: We have ṙ = aeaθ , so
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(Bob Adams,8.6-Problem 13,p.515) Find the length of the curve r = eaθ ,

−π ≤ θ ≤ π .

Solution: We have ṙ = aeaθ , so

ṙ 2 + r 2 =
(
aeaθ

)2 +
(
aeaθ

)2 = (a2 + 1)e2aθ =

and so
√
ṙ 2 + r 2 =

√
a2 + 1e2aθ , and thus

L =
∫ π
−π

√
a2 + 1eaθdθ =

√
a2 + 1

∫ π
−π
eaθdθ =

√
a2 + 1

1
a
eaθ

∣∣∣π−π =
√
a2 + 1

1
a
eaθ

∣∣∣π−π =
√
a2 + 1
a

(
eaπ − e−aπ) = 2

√
a2 + 1
a

sinhaπ
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Example:(Bob Adams,8.6-Problem 14,p.515)Example:(Bob Adams,8.6-Problem 14,p.515)

Find the length of the curve r = aθ, 0 ≤ θ ≤ 2π .
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Solution: We have ṙ = a, so ṙ 2 + r 2 = (a)2 + (aθ)2 = a2(1+ θ2)
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θ=0
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1+ θ2dθ

We make the substitution θ = tanu, dθ = sec2udu, and get
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a
2

(√
1+ 4π2(2π)+ ln |

√
1+ 4π2 + 2π|

)
=
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a
2

(√
1+ 4π2(2π)+ ln |

√
1+ 4π2 + 2π|

)
=

a
2

(
2π

√
1+ 4π2 + ln |

√
1+ 4π2 + 2π|

)


