
Question
Express the basis vectors er and eφ of polar coordinates the time derivative
of the basis vectors of Cartesian coordinates i and j. Suppose that er and eφ
depend on time. Show that

(a) ėr = φ̇eφ

(b) ėφ = −φ̇er
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er = i cosφ+ j sinφ

eφ = −i cos
(

π

2
− φ

)

+ j cosφ

= −i sinφ+ j cosφ

ėr =
d

dt
(i cosφ+ j sinφ) = φ̇(−i sinφ+ j cosφ) = φ̇eφ

ėφ =
d

dt
(−i sinφ+ j cosφ) = φ̇(−i cosφ− j sinφ) = −φ̇er
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