
Question
Derive the components of

(a) velocity and acceleration in cylindrical polar coordinates,

(b) velocity in spherical polar coordinates.

The expression for acceleration in spherical polar coordinates is

a = (r̈ − rθ̇2
− r sin2 θφ̇2)rr +

[

1

r

d

dt
(r2θ̇)− r sin θ cos θφ̇2

]

eθ

+
1

r sin θ

d

dt
(r2 sin2 θφ̇)eφ

Answer

(a)

r = rer + zez

v = ṙ = ṙer + rėr + żez + zėz

Now ėz = 0 as in a fixed direction

er = i cos θ + j sin θ

ėr = θ̇(− sin θi + cos θj) = θ̇eθ

So v = ṙer + rθ̇eθ + żez

a = v̇ = r̈er + ṙėr +
˙(rθ̇)eθ + rθ̇ėθ + z̈ez

Now ėθ =
d

dt
(− sin θi + cos θj) = −θ̇er

So a = r̈er + ṙθ̇eθ +
˙(rθ̇)eθ − rθ̇2er + z̈ez

⇒ a = (r̈ − rθ̇2)er + (rθ̈ + 2ṙθ̇)eθ + z̈ez

(b)

r = rer v = ṙer + rėr

Now er = i sin θ cosφ+ j sin θ sinφ+ k cos θ

ėr = θ̇(i cos θ cosφ+ j cos θ sinφ− k sin θ)

+φ̇(−i sin θ sinφ+ j sin θ cosφ)

= θ̇eθ + φ̇ sin θeφ

So v = ṙer + rθ̇eθ + rφ̇ sin θeφ
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