Dispersion of a free particle packet states
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Position-velocity uncertainty relation:
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Conclusion:

In the microscopic world of the hydrogen atom, electron orbits cannot be
determined since the uncertainty in velocity is as large as the electron
velocity itself.

In the macroscopic world, the uncertainty of quantum mechanics is not

recognizable.
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Projection amplitudes and ket vectors for free states 04/04/2005

Gaussian probability distribution at t=0: LIJ(X 0) = \/— e 2’
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Satisfies the requirements for projection amplitudes: <X‘ k> = <k‘ X>*

And P, (X) = <X‘ k> is a stationary state of the free Schrédinger equation:

h° — h%K?

Zmazdb (X) =E®P, (X), E=55

<=, While these stationary basis states cannot be normalized to 1,

M4 any wave function Y is normalized to 1. Georg. Hoffstaetter@Comell.edu




The uncertainty principle and ground-state energies DapaIEns

Area in which the ground state wave function has to be confined AX

Momentum uncertainty in all three dimensions Ap, E, = 3

2Ax)

Example: Hydrogen atom
Eo — 7 1
87, ag
_ AmEgh?
A = Ze’m
This provides a quick procedure of estimating ground state energies.

Example: Hydrogen: 71 =107 Js, m, = 107%kg, Ax=10""m
E, =3 (25%)?=1510"%)=1510eV

2107%kg Y10 m

[T ] III

Neutron or proton confined in the nucleus:

m, =10'kg, Ax=10""m
E, =3 (25?2 =1510")=1MeV

210" kg ‘10 m
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