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Chapter. 7

QM in 3-dims & Hydrogen Atom

Outline:

* The Schrddinger Eq. in 3-Dimensions

* The 3D Infinite Well

* Energy Quantization & Spectral Lines in Hydrogen
» The Schrddinger Eq. for a Central Force

* Angular Behavior in a Central Force

* The Hydrogen Atom

 Radial Probability

» Hydrogen-like Atoms

The most profound failure of classical physics (C.P.) is its inability
to explain the simplest possible atom: hydrogen — an electron
orbiting a proton. According to the C.P., atom should be unstable
since enerqy loss

The electron
Problem:

Energy loss due to Bremsstrahlung

(because of centripetal
acceleration)

Toward the Hydrogen Atom

Electrostatic P.E. (or P.E. for the Hydrogen atom) is given by
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Toward the Hydrogen Atom Toward the Hydrogen Atom
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Probability Density in 3 Dimensions
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Stationary States
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Variables are separate now m @

Key Assumption:

Factorization of the wave function

Standard Math.

WYix, 1) = ${ X ]qf;( 1) Technique;

“Separation of

Wave function may be variables”
express as a product of ...

Spatial Part Temporal Part

What happens with the Schrodinger equation?
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... and factoring out terms constant w.r.t. the partial derivatives .
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Consider only case in which P.E. is

time-independent

see Appendix K

dep(r)

Stationary States
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Stationary States in a 3-D Box

“Factorization”
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Wh(x, v, z2) = F(x)G(y)H(z)
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The mathematical solution to the “x-equation” is thus

d*F(x) :
— = —k?F(x) = F) = A sin k,x + B cos k_x
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Regionl (0 <x<L)

Since U(x) = 0 here, the time-independent Schrédinger equation (4-8) is
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For convenience, let us make the following definition (which we very soon
see is a wave number, thus the symbol):
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F(L)=0 — Asink,L =0

F(x) = A sin k,x + B cos k.x

Stationary States in a 3-D Box
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Stationary States in a 3-D Box

Solution




Stationary States in a 3-D Box
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