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Modern Physics: Hydrogen Spectrum

Basic transitions given by Rydberg formula for transition from state
m→ n

1

λ
=
|E1s|
hc

(
1

n2
− 1

m2

)
with RH = |E1s|

hc
= 13.6eV

1240ev·nm
= 0.0109737 nm−1

Figure 1: Hα is first Balmer series line 3→ 2 with λα = 656.47nm
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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 ≤ +` with multiplicity 2` + 1. Total multiplicity for
each n is

∑n−1
1 (2`+ 1) = n2. Adding electron spin s = 1/2 with multiplicity

2s+ 1 = 2 gives total multiplicity of each level 2n2.

Michael  Gold
spectroscopic notation is: S(l=0) P(l=1) D(l=2) F(l=3)
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Figure 3: Triangles mark 〈r〉nl. Scale in units of Bohr radius (a0 = h̄c
mc2α

=
0.05 nm)

Expectation value is given by

〈r〉nl = n2a0

[
1 +

1

2

(
1− l(l + 1)

n2

)]

Michael  Gold
Note that the radial wave functions are “pushed out” due to orbital angular momentum.  
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l=2
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From Eisberg and Resnick



Michael  Gold
hydrogen energy levels 
E_n = (-13.6 eV)/n^2

Michael  Gold
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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