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Hydrogen Eigenvalues

713.6 eV

E, =
n n2

Quantitative comparison for Balmer series hydrogen in units of o.

Line | My Results (A) | NIST Results (A) [ Normalized | Percent
Difference | Difference

a |6.64+0.09 x 10° | 6.56280 x 103 0.95 1.2
f | 485+0.15x 103 | 4.86133 x 103 0.11 -0.2
v | 43940.06 x 103 | 4.34047 x 103 0.9 1.2

a:n=3—>n=2

B:n=4—n=2

yin=5—=n=2
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Hydrogen Bound State Eigenfunctions

Son/m(ra 0, ¢) = Rn/(r) Ylm(97 d))
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Hydrogen Eigenvalues (Energy Levels)
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Hydrogen Bound State Eigenfunctions
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Hydrogen Bound State Eigenfunctions
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Recall the Solid Angle
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Spherical Differential Volume Element

r sin 6d¢

Volume element
dV=rsing de do dr
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Hydrogen Eigenfunctions

Hydrogen Probability Density (n=4)
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Hydrogen Eigenfunctions

Hydrogen Probability Density (n=4)
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Hydrogen Eigenfunctions

Hydrogen Probability Density (n=4)
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Hydrogen Eigenfunctions

Hydrogen Probability Density (n=4)
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Do the peaks line up?

Red : n=1, Blue: n=4

oot2f ]
0.010" ]
0.008 ]
0.006" ]

0.004+ ]

Probability Density

0.002} ]

00002 ]
0.0 0.2 0.4 0.6 0.8 1.0

r (angstroms)

Jerry Gilfoyle The Hydrogen Atom 14 / 18



Old Orbitals

FIGURE 510
Location Probability Patterns for the p Orbitals
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Location Probability Patterns for the d Orbitals.
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Old Orbitals - New Orbitals
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Old Orbitals - New Orbitals
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How are these plots
related to what we know?

FIGURE 511

Location Probability Patterns for the d Orbitals.
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More Hydrogen Eigenfunctions

n=8, 1=1, m=1 n=8, L-4, m=1
principal quantum number | 1|2 34 5/6 7 8 principal quantum number |1 2/ 3 4/ 5 6/ 7 8
angular momentum 01 2 3 4/5 6 7 angular momentum o 1/2 3 4 5/6 7
magnetic quantum number g 1 magnetic quantum number g 1/2 3 4
Length of a side =—{}————— Length of a side =—F—————
Vertical Scale =—(})——— Vertical Scale ———(}——
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Hydrogen Eigenvalues

713.6 eV

E, =
n n2

Quantitative comparison for Balmer series hydrogen in units of o.
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Some Plots

5, 1=2, m=2 n=8, 127, m=0

principal quantum number 1/2|3(4/5/6/7 8 principal quantum number 112 3 4 5 6 7 8 principal quantum number  1/2/3/4/5|6 7|8
angular momentum 012 3 4 angular momentum 0 '1/2/3 4 5 6 7 angular momentum 0/1/2/3/4/5 /67
magnetic quantum number o 1 2 magnetic quantum number [0 1] 2] 3[4 /s[6[7 magnetic quantum number 0|1 23 4|5 6 7
Length of a side — Length of a side Pl Length of a side
Vertical Scale Vertical Scale Vertical Scale =
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