position space momentum space

A plane wave <=> A delta function at p=pg
\
! ) > <=> t
O ) ) ) )) )) Lo g
|
times <=> convolved with
A Gaussian <=> A Gaussian at p=0
—/\- <=> /r\-
- == P
is equal to <=> is equal to
A wavepacket <=> A Gaussian at p=pg
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Non-relativistic propagators [edit]

In non-relativistic quantum mechanics the propagator gives the
amplitude for a particle to travel from one spatial point at one time
to another spatial point at a later time. It is a Green's function for
the Schrodinger equation. This means that if a system has
Hamiltonian H then the appropriate propagator is a function
K(x,t;x',t'") satisfying

ot

(H — 1h ())]\(l t:a' t') = —ihéd(x — a")o(t - t')

where Hx denotes the Hamiltonian written in terms of the x

coordinates and d(x) denotes the Dirac delta-function.
This can also be written as
K(x, t;2', 1) = (z|U(t, )|z

where [_..' (t, #! ) is the unitary time-evolution operator for the system
taking states at time ¢ to states at time ¢'.



Using the quantum mechanical propagator [edit]

In non-relativistic quantum mechanics, the propagator lets you find
the state of a system given an initial state and a time interval. The
new state is given by the equation:
-
(x,t) = / (a' YK (x,t; 2" 1) da
o
If K(x,£;x',t') only depends on the difference x — x' this is a
convolution of the initial state and the propagator.

Propagator of Free Particle and Harmonic [edii]
Oscillator

For time translational invariant system, the propagator only
depends on the time difference (t-t'), thus it may be rewritten as

K, t;x',t')y= K(xx';t — ).

The propagator of one-dimensional free particle is

1 gt . T Y m\ 12
K I.-lf,:t — _/ dk (,zk(;r—.r ]C—zhk‘f;um] — ( ' )
( ' ) 27T —00 Qﬂ'lﬁt

C—m(;r—;r' )2,.-'(‘21'71!]
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Chapter 1: The Math
Chapter 2: The Postulates

One-dimensional problems

Many 3d problems, for example the hydrogen
atom, can be decomposed into a 1d problem in
the radial direction coupled to a 2d problem in
the theta and phi directions.

Chapter 4: Scattering in 1d
Free particle eigenstates in 1d
Transmission and reflection coefficients

Chapter 5: The infinite square well
Bound particle states in 1d

Chapter 3: Gaussian wave packets
Finite extent free particle states in 1d
The spreading of 1d wavepackets

Chapter 8: The simple harmonic oscillator
Gaussian bound states in 1d
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FIGURE 4
Wave functions associated with the first three levels of a harmonic oscillator.
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FIGURE 5
Probability densities associated with the first three levels of a harmonic escillator.
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FIGURE 6

' % Shape of the wave function (fig. a) and of the
- > probability density (fig. b) for the » = 10
b - Xy —-10123 +x level of a harmonic oscillator.




The Harmonic Oscillator

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/hosc.html

http://www.falstad.com/gm1d/
http://www-personal.umich.edu/~lorenzon/java_applets/spaceholder/applets/SHO-QM-example.html?D1=5
http://www.quantum-physics.polytechnique.fr/en/

Hermite Polynomials
http://mathworld.wolfram.com/HermitePolynomial.html
http://www.efunda.com/math/Hermite/index.cfm

http://www.sci.wsu.edu/idea/quantum/hermite.htm
http://functions.wolfram.com/Polynomials/

Coherent States

http://cat.sckans.edu/physics/Quantum%20Wave%20Ppacket.htm





