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 = (i—r>—rsin®0¢°)r, + |=—(r*0) — rsinf cos0¢°| ey
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Answer
(a)
r = re,+ ze,
v=r1r = re,+re, + e, + ze,
Now €, = 0 asin a fixed direction
e, = 1icosf+jsind
e, = 9(— sin 0i + cos 6j) = Oey
So v = re,+ Téeg + ze,
a=v = fe,+re + (ré)eg +rféy + e,
d .
Now &y = a(— sin 0i + cos 6j) = —0e,
So a = ie, +rley+ (ré)eg — rb%e, + Ze,

=a = (i— r92)er + (7"9 + 2%9)e9 + Ze,

(b)

r=re., V=re,.+re,
Now e, = isinfcos¢ + jsinfsin¢ + kcos6
e, = 0(icosfcos+ jcosbsing— ksinf)
+¢(—isin B sin ¢ + jsin 6 cos @)
= ey + qf)sin@ed,
So v = re,+ réeg + rgf') sin fey



