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1 Motivation.

Have previously worked out the radial velocity and acceleration components
a pile of different ways in [Joot(a)], [Joot(b)], [Joot(c)], [Joot(d)], [Joot(e)], and
[Joot(f)].

So, what’s a couple more?
When the motion is strictly restricted to a plane we can get away with do-

ing this either in complex numbers (used in a number of the Tong Lagrangian
solutions), or with a polar form R2 vector (a polar representation I haven’t seen
since High School).

2 With complex numbers.

Let

z = reiθ

So our velocity is

ż = ṙeiθ + irθ̇eiθ

and the acceleration is

z̈ = r̈eiθ + iṙθ̇eiθ + iṙθ̇eiθ + irθ̈eiθ − rθ̇2eiθ

= (r̈− rθ̇2)eiθ + (2ṙθ̇ + rθ̈)ieiθ

3 Plane vector representation.

Also can do this with polar vector representation directly (without involving
the complexity of rotation matrixes or anything fancy)
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r = r
[

cos θ
sin θ

]
Velocity is then

v = ṙ
[

cos θ
sin θ

]
+ rθ̇

[
− sin θ
cos θ

]
and for acceleration we have

a = r̈
[

cos θ
sin θ

]
+ ṙθ̇

[
− sin θ
cos θ

]
+ ṙθ̇

[
− sin θ
cos θ

]
+ rθ̈

[
− sin θ
cos θ

]
− rθ̇2

[
cos θ
sin θ

]
= (r̈− rθ̇2)

[
cos θ
sin θ

]
+ (2ṙθ̇ + rθ̈)

[
− sin θ
cos θ

]
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