
February 13, 2012

Finish Free Particle
(1) Qualitative
(2) Quantitative

Start Simple Harmonic Oscillator
(1) Solve Differential Equation (today)
(2) Use the Algebra of the Operators
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Larry
Cartoon Version of the Free Particle

Larry


Larry


Larry
http://www.st-andrews.ac.uk/~qmanim/embed_item_3.php?anim_id=10

http://www.st-andrews.ac.uk/~qmanim/embed_item_3.php?anim_id=1

http://www.physics.nus.edu.sg/einstein/lect14/applets/propa.html

http://www.brainflux.org/java/classes/Schrodinger1D.html

http://demonstrations.wolfram.com/WavepacketForAFreeParticle/

http://demonstrations.wolfram.com/EvolutionOfAGaussianWavePacket/
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http://www.st-andrews.ac.uk/~qmanim/embed_item_3.php?anim_id=10
http://www.st-andrews.ac.uk/~qmanim/embed_item_3.php?anim_id=1
http://www.physics.nus.edu.sg/einstein/lect14/applets/propa.html
http://www.brainflux.org/java/classes/Schrodinger1D.html
http://demonstrations.wolfram.com/WavepacketForAFreeParticle/
http://demonstrations.wolfram.com/EvolutionOfAGaussianWavePacket/
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Quantitative Evolution
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Larry
propagator in
Hilbert space
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propagator in
position space
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heat equation

Larry
TDSE is the heat eqn 
in imaginary time
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the wavepacket spreads like heat spreads => like a Gaussian
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Time evolution of the wavefunction
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starting wavefcn

Larry
propagator
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Larry
apply propagator to starting wavefunction
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time-dependent wavefcn
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Gaussian
spread
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Probability = wavefcn squared
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expectation value of position

Larry
uncertainty in position 
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Larry
Ehrenfest's 
Theorem
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Ehrenfest's Theorem: The expectation values of the 
quantum variables follow the classical equations
of motion
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x = v t
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Larry
Start with a Gaussian envelope in x
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the momentum distribution is independent of time
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Larry
the position distribution depends on time
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Larry
at long times the quantum spread is 
the same as the classical spread
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Larry
Cartoon: Not to Scale

Larry
if the minimum width is small, then the spread is fast
if the minimum width is large, then the spread is slow
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Larry
Dispersion
=> Delta x changes

free particle => no forces
=> Delta p stays fixed
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Larry
[ x, p ] is called the
canonical commutator
fundamental commutator
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Larry
the commutator does not depend on the basis!
it tells us something fundamental about the operators
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before you measure

Larry
after you
measure

Larry


Larry




Larry
In momentum space 

Larry
before you
measure

Larry
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after you
measure
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Larry
a delta function in position space

Larry
is a helix in momentum space 
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The probability density for a helix 
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in momentum space 
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in position space
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before in x

Larry
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before in p
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Shankar
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Larry
TISE in Dirac notation 
for the SHO
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Larry
TISE in position 
space
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Larry
eigenvalues

Larry
eigenfunctions
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ground state has no zeros

Larry
first excited state has 1 zero
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second excited state has 2 zeros
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in Dirac notation
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in position space 
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Larry
Eigenfunctions of H are a complete set of functions
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Larry
Free Particle
space = line
weight fcns = constant 

Larry


Larry


Larry


Larry
Square Well
space = interval 
weight fcns = constant
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http://www.st-andrews.ac.uk/~qmanim/animations_2/Expansion_Eigenstates_V3.swf
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http://www.st-andrews.ac.uk/~qmanim/animations_2/


Larry
Simple Harmonic Oscillator
space = line 
weight fcns = Gaussians
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Hydrogen Atom
space = half line
weight fcns = exponentials 
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Laguerre Polynomials 
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Hermite Polynomials
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Larry
To solve TDSE 

Larry
First solve TISE

Larry
Then use the time-dependent phase factors of
the energy eigenkets/eigenvectors/eigenfunctions
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Propagator U(t)
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Larry
The TISE is a differential 
equation in position space
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in Dirac notation
in the Hilbert space
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eigenfunctions 

Larry
eigenvalues 
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Larry
make a bunch of variable changes to
make it look like some old dead guy's 
differential equation, then we will
pretend to solve it
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Trial solutions from the freshman physics professors 
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Yes, they are indeed solutions to the asymptotic equation!
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not physical
at infinity 
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Larry
Gaussian
decay
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Gaussian
decay 
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Trial solution to remove
the asymptotic part
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Larry
Put in the trial solution and do all of the spatial derivatives 



Larry
Okay, the equation inside the [  ] must be zero 

Larry
It doesn't look exactly like the
old dead guy's differential equation,
so make some more variable changes



Larry
Success!!! Now it looks exactly like the old dead guy's equation!!!
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Now we pretend to solve the old dead guy's equation 
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Recursion
Relation
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in 1d, even and odd solutions 
in 3d, even and odd turn into parity
spatial inversion 
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Hermite
polynomials

Larry






The Harmonic Oscillator

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/hosc.html
http://www.falstad.com/qm1d/
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



http://demonstrations.wolfram.com/FundamentalCommutationRelationsInQuantumMechanics/

http://demonstrations.wolfram.com/SchroedingersCatOnCatnip/

http://www.fen.bilkent.edu.tr/~yalabik/applets/collapse.html

http://demonstrations.wolfram.com/FundamentalCommutationRelationsInQuantumMechanics/
http://demonstrations.wolfram.com/SchroedingersCatOnCatnip/
http://www.fen.bilkent.edu.tr/~yalabik/applets/collapse.html



