Hydrogen Atom

... Schrodinger gave a talk on de Broglie’s notion that a
moving particle has a wave character. A colleague remarked
to him afterward that to deal properly with a wave, one
needs a wave equation. Schrddinger took this to heart, and a
few weeks later he was “struggling with a new atomic
theory. If only I knew more mathematics! | am very
optimistic about this thing and expect that if | can only ...
solve it, it will be very beautiful.”

The struggle was successful, and in January 1926 the first
of four papers on “Quantization as an Eigenvalue Problem”
was completed. In this epochal paper Schrédinger
introduced the equation that bears his name and solved it for
the hydrogen atom, thereby opening wide the door to the
modern view of the atom which others had only pushed ajar.
-- A. Beiser

Erwin Schrédinger
(1887-1961)
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When Potential Depends on r Only |

Time-independent 3D Schrodinger Equation
hZ
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When Potential DeEends onr Onlz |
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When Potential DeEends onr OnI= |
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When Potential DeEends onr OnI= |
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Table 8.2 Some

Associated
Legendre
Polynomials
Py (cos 0)

Py =1

P? = 2 cos 0

Pi = sin 6

Py =4(3cos?6— 1)

P3 = 4 sin 6 cos 6

Pg = sin” 6

P8 = 24(5 cos® @ — 3 cos 0)
P;% = 6sin 6(5 cosZ § — 1)
Pff = 6 sin® A cos 6

P3 = sin® 6
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Table 8.3 The Spherical Harmonics Y;"(0, ¢)
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When Potential DeEends onr Onlz |

Radial wave equation

Zm(dR+2dR] (1 + D)7 R(r)+U (r)R(r) = ER(r)
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Table 8.4 The Radial Wavefunctions R, ¢(r) of
Hydrogen-like Atoms forn = 1, 2, and 3

n ¢ R, ¢(r)
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Hydrogen-like Atom

E,
¥ o (1,0,6,0) =R, (DY, (0, P "
n=123,--- Principal quantum number
1 =0,1,2,---,(n—1) Orbital quantum number
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1 1 Magnetic quantum number
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Table 6.1 Normalized Wave Functions of the Hydrogen Atom for n = 1, 2, and 3*

n | m D(e) O(0) R(r) W(r, 6, ¢)
1 1 , 1
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“The quantity gy = 4meh™/me’ = 5292 X 107" mis equal to the radius of the innermost Bohr orbit.
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Table 8.5 Spectroscopic Notation for
Atomic Shells and Subhells

Shell Symbol

=

Shell Symbol
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Table 6.2 Atomic Electron States
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When Potential DeEends onr Onlz |

Radial wave equation

Zm(dR+2dR] (1 + D)7 R(r)+U (r)R(r) = ER(r)
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Fig. 8-7, p.272
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Figure 6.8 The variation with distance from the nucleus of the radial part of the electron wave function

in hydrogen for various quantum states. The quantity ay = 4megh*/me* = 0.053 nm is the radius of
the first Bohr orbit.
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Figure 6.12 Photographic representation of the electron probability-density distribution j* for several energy states. These
may be regarded as sectional views of the distribution in a plane containing the polar axis, which is vertical and in the plane

ol the paper. The scale varies from figure to figure.
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