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Using Feynman path integral
Part I: From Feynman to Newton: classical limit

ihl = HWU

4&4 o

—QAI' —|—2L:I: +2A:r



From Feynman to Newton
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Newton’s original version of what we currently call
Newton’s second law of motion:

“A change in motion is proportional to the motive
/ force impressed and takes place along the straight

line in which that force is impressed.”




Laplace’s method (saddle-point approximation)

e (Gaussian integral:

There is no closed analytical expression for [e~/(#)dz. But if there is a small
1
parameter in the exponential, fe_?f(m)d;r.,f — 0, one can simplify things.
Je <t

T fp) = £l - FPG0 TN, e

e Example: () - 2
£(x) “t | /\7/
T o1 [;1-2 + 1/-12] Lp [ 2me o Tt \/Te-
I= / e © dx =~ ee’/MiN I~ — C ‘
e T V17 (o) 2
6 A




The principle of least action

e Quantum effects hinge on interference phenomena. Classical limit im-
plies suppressing them, which happens if

h
wave length =)A= — — 0 or, formally, h» — O
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e Feynman path integral in the classical Iimit/
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is “collected” from the trajectories for which the action is minimal:

h = 0 <+ The principle of least action



How to find the special trajectory?

e If we want to determine a point, zg, where a function, f(z) reaches a
minimum, we demand

1
f(zo + 62) = f(wo) + {'(w0)dz + ~f"(z0)d2° + ...
- =0 U
e If we want to determine a trajectory, z(t)\on which our functional -
action, S(x), - is minimal, we demand:

Slzei(t) + dz(t)] = Sl (W] + 395 + ...
=0
e SO, we have to set to zero the first variation of the action:

05 =20

ALL of classical physics is contained in this equation!



Recovering Newton’s second law
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e Action: S[F(1)] = | [mz V(F)] dt
0 .

e Let's calculate its first variation: «7;—5.’;& ‘
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