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Modern Physics: Hydrogen Spectrum

Basic transitions given by Rydberg formula for transition from state

m—n
L |Es| (1 1

A he \n? m?
with Ry = Bl = 136V — 0109737 nm~!
Designation

of line

@ © 0 ~N S i
o - S - o o
AR @ g & E 3
g g g 3 38 g
Color Red Blue Violet Near ultraviolet

Figure 4-10 A photograph of the visible part of the hydrogen spectrum. (Spectrum from
W. Finkelnburg, Structure of Matter, Springer-Verlag, Heidelberg, 1964.)

Figure 1: H, is first Balmer series line 3 — 2 with A\, = 656.47nm
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basic structure of hydrogen
not to scale

1

orbital | | 0(S) 1(P) 2(D) 3(F)
\i
Binding energy

spectroscopic notation is: S(I=0) P(I=1) D(I=2) F(I=3)

Figure 2: Sketch of basic structure (no fine structure) of hydrogen. Orbital
quantum number ¢ < n states are degenerate (same energy). The ground
state n = 1 has only ¢ = 0. Not shown are the magnetic quantum numbers
for each ¢, —¢ < m < 4/ with multiplicity 2¢ 4+ 1. Total multiplicity for
each n is Z’f*l(% +1) = n%. Adding electron spin s = 1/2 with multiplicity
25 + 1 = 2 gives total multiplicity of each level 2n?.
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spectroscopic notation is: S(l=0) P(l=1) D(l=2) F(l=3)
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Figure 3: Triangles mark (r),;. Scale in units of Bohr radius (ag = —1&
0.05 nm)

Expectation value is given by

(r)m = nag {1 41 (1 _ Mﬂ

2 n?

Note that the radial wave functions are “pushed out” due to orbital
angular momentum.
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Note that the radial wave functions are “pushed out” due to orbital angular momentum.  
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From Eisberg and Resnick


From Eisberg and Resnick

E>O0 electron is unbound. Wave functions are
plane waves. Energy is un-quantized, giving a continuum of energies.

0 ——eee—r
-0.85 N ——FE4

—151 /- T
-3.39

Ey

T hydrogen energy levels
= E_n=(-13.6 eV)/n"2
&
2 -136—E;
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Figure 7-3 The Coulomb potential V(r) and its eigenvalues E,. For large values of n the
eigenvalues become very closely spaced in energy since E, approaches zero as n
approaches infinity. Note that the intersection of V(r) and E,, which defines the location
of one end of the classically allowed region, moves out as n increases. Not shown in this
figure is the continuum of eigenvalues at positive energies corresponding to unbound
states.
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hydrogen energy levels 
E_n = (-13.6 eV)/n^2
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From Eisberg and Resnick

Michael  Gold
E>0 electron is unbound.  Wave functions are
plane waves.  Energy is un-quantized, giving a continuum of energies.
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