
~r ′(t) = |~r ′(t) | ~T (t) = v(t)~T (t)

Distance travelled by the particle: s(t) =

∫ t

a

|~r ′(τ) | dτ

ds

dt
= |~r ′(t) | = v(t)

κ(t) =
|~r ′(t)× ~r ′′(t) |

v3(t)

~B(t) =
~r ′(t)× ~r ′′(t)

|~r ′(t)× ~r ′′(t) |

~N(t) = ~B(t)× ~T (t) =

(
~r ′(t)× ~r ′′(t)

)
× ~r ′(t)∣∣ (~r ′(t)× ~r ′′(t)
)
× ~r ′(t)

∣∣
τ(t) =

~r ′′′(t) •
(
~r ′(t)× ~r ′′(t)

)
|~r ′(t)× ~r ′′(t) |2

~r ′′(t) = v′(t)~T (t) + v2(t)κ(t) ~N(t)

The right-hand rule frame for a point on the curve is ~T (t), ~N(t), ~B(t).
Frenet-Serret Formulae. Using arc-length parameterization

d

ds
~T (s) = + κ(s) ~N(s)

d

ds
~N(s) = −κ(s)~T (s) + + τ(s) ~B(s)

d

ds
~B(s) = − τ(s) ~N(s)
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