
Free particle action

This is the Lagrangian for a free particle.

L =
mẋ2

2

Show that

S =

∫ T

0

Ldt =
m(xb − xa)
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2T
, T = tb − ta

The first step is to derive ẋ(t) from L and the Euler-Lagrange equation

d

dt

∂L

∂ẋ
=

∂L

∂x

From L we have
d

dt

∂L

∂ẋ
= mẍ,

∂L

∂x
= 0

and by Euler-Lagrange
ẍ = 0

Acceleration is zero hence velocity is constant. Velocity equals distance divided by time.

ẋ =
xb − xa

T

The action is
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