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That’s basically all there is to quantum mechanics...

/'\ ’——\’.\"\./_\'-\

the rest are appllcanons'

SIMPLE PROBLEMS IN 1D

FREE PARTICLE

o0 Vi

"PARTICLE IN A BOX”

VIX)
POTENTIAL WELL (

SINGLE STEP POTENTIAL \

POTENTIAL BARRIER

Vi)

V(x\

@on this theme... j

A SPECIAL PROBLEM
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THE HARMONIC
OSCILLATOR

“...the most important
problem in quantum
physics"

J. Schwinger
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The harmonic oscillator

Why bother?

Any system fluctuating by small amounts near a configuration of stable
equilibrium may be described by an oscillator or a system of decoupled
harmonic oscillators..... and the problem can be solved exactly!
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As always: the complete dynamics is coded by the propagator U(t) which can be
expressed in terms of the eigenvectors and eigenvalues of H. Find these!
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Some observations:

1) Quantization from the requirement of a
(physical) Hilbert space

2) Equally spaced energy levels —» think of "quanta”

(fictitutious particles)
= (n+¥V2)liw ns - . of energy Hw

(cf Einstein, 1907)
3) Zero point energy %w/2

W (y)

4) Eigenfunctions are even or odd A
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S5) Excursions beyond the classical turning point possible!

6) The probability distribution is very different from
the classical case
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However, at large n (cf. Bohr’s "correspon the quantum
distribution wiggles so rapidly (on a scale set by the classical amplitude)
that only its mean can be detected, and this agrees with the classical case.



A smarter way to handle the harmonic oscillator....

/

Could we work directly in the energy basis without knowing ahead of time the
operators X and P in this basis?

Dirac (1928): "Yes, use the fact that the canonical commutation relation [X . P:[ : "‘h
is basis independent!”
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