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A more general version of Postulate |l :

The independent variables x and p of classical mechanics
become Hermitian operators X and P defined by the
canonical commutator [ X , P ] = ih. Dependent variables
w (X,p) are given by operators (L= w(x=>X, p > ).

This is a basis independent, general version of postulate Il (still adapted to a
single particle in 1D).
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Lagrangian formalism

Hamiltonian formalism

The state of 4 system with n degrees of
freedom s described by # coordinates
Y. ..., q,) and n velocities (gr..... 4.). or
in a more compact notation by (g.q).

The state of the System may be represented
V¥ @ point moving with a definite velocity in
an n-dimensional configuration space,

The » coordinates evolve according to »
second-order equations,

For a given %, severa] trajectories may pass
through a given point in configuration space
depending on qg.

(1)

The state of a system with degrees of free-
dom is described by n coordinates and
momenta (g, .. . N7 T P») or, more
succinctly, by (g, p).

The state of the system may be represented
by a point in a 2n-dimensional phase space,
with coordinates (g..... GnsPro. .., p,).

The 21 coordinates and momenta obey 2x
first-order equations.

For a given # only one trajectory passes
through a given point in phase space.




in 19338 Dirac published a paper in Physikaliscie Zeli- N LVQ} \/kUL \ : QAC, W

schrift der Sowjetunion on “The Lagrangian in Quantum
Mechanics.” He begins by saying: A m o

' Quantum mechanics was built up on a foundation of t & oo
' analogy with the Hamiltonian theory of classical

mechanics. This is because the classical notion of

canonical coordinates and momenta was found to be

one with a very simple quantum analogue. . ..

Now there is an alternative formulation for
classical dvnamics, provided by the Lagrangian. This
requires one to work in terms of coordinates and
velocities instead of coordinates and momenta. The
two formulations are, of course, closely related, but
there are reasons for believing that the Lagrangian
one is the more fundamental.

In the first place the Lagrangian method allows
one to collect together all the equations of motion and
express them as the stationary property of a certain
action function. (This action function is just the time
integral of the Lagrangian.) There is no correspond-
ing action principle in terms of the coordinates and
momenta of the Hamiltonian theory. [This is not
true, but it doesn’t matter.] Secondly the Lagrangian
method can easily be expressed relativistically, on
account of the action function being a relativistic
invariant; while the Hamiltonian method is essential-
ly nonrelativistic in form, since it marks out a
particular time variable. . ..

For these reasons it would seem desirable to take
up the question of what corresponds in the quantum
theory to the Lagrangian method of the classical
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Path |nteg ral formulation of g. m.

Dirac 1928, Feynman 1949

Central object in quantum mechanics = the propagator U (H
U ¥ ©y> = [~ )

Feynman:

!

] !
For a single particle in 1D, to find (x4 ;%' t') = (elUle-th] x>

do the following:

(i) Draw all paths in the x-t plane connecting (x, ) and (x,t)
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(i) Find the action S[x(t)l for each path x(t)

Then, [ 1/
— ; S Y(_‘c\ '&
(i) UxtXt)=A 2,
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