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The Bohr Atom
Balmer (1885), Rydberg (1890) and Ritz (1908) analyzed 
atomic spectra empirically to find relationships between the 
frequencies of lines sequences:
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The Hydrogen Atom
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Rewriting the radial part:
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Another “well-known” equation.  
The solutions, Rnl only exist for 1, 2, 3, 0 1n l n= −…
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H Atom Quantum Numbers

The principal quantum number n

determines the energy

The total wavefunction has  n-1 nodes.
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The azimuthal quantum number l

describes the total orbital angular momentum:
2 2 2 2ˆ ˆR Y R ( 1) Y ( 1)nlm nl lm nl lm nlml l l l l lψ = = + = + ψ

l is restricted to the values: 0 1 2 … n-1

and is often designated by letter: s p d

The magnetic quantum number m

describes the z component of the orbital angular momentum:

ˆ ˆR Rz nlm nl lm z m nl lm m nlml l m mψ = Θ Φ = Θ Φ = ψ

m is restricted to the values: 0 ±1 ±2 … ±l

In a magnetic field, states with different m will differ in energy, 
the Zeeman effect.

The spin quantum number s

is not predicted by this level of theory.
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The solutions of the radial equation are associated Laguerre 
functions:

H Atom Radial Wavefunctions
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Radial Distribution Functions
R ( )Y ( , )nlm nl lmrψ = θ φ

“Normalize” Ylm over the surface area of a sphere of radius r:
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How Big is the Hydrogen Atom?
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The ground state of the H atom has n = 1, l = 0, m = 0

The radial distribution function

has a maximum …
… at r = a0
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The Bohr radius a0 is the most probable radius at which the 
electron can be found.

This is not the same as the average distance of the electron 
from the nucleus, which is 
the expectation value: 0 0
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Shapes of H Atom Orbitals

s orbitals

2p orbitals
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i.e. spherical symmetry, 

but the amplitude and sign of    change according t

1Y

o 

Y
4

 R . 

lm

n

= =
π

ψ

10

i
11

-i
11

Y cos

Y sin e

Y sin e

φ

φ

∝ θ

∝ θ

∝ θ

Construct a pair of real functions:

1
11 1 12

1
11 1 12i

2p (Y Y ) sin cos

2p (Y Y ) sin sin
x

y

−

−

∝ + ∝ θ φ

∝ − ∝ θ φ

x
y

z

2px 2py



Paul Percival CHEM 260 Spring 2003

3d orbitals
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The Spectrum of Atomic Hydrogen
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where is known as the
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Spectral transitions are governed by selection rules:

∆n = any integer, ∆l = ±1, ∆m = 0

photons have angular momentum
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The Spectra of Hydrogen-like Atoms

Hydrogen-like: (core) ns1

e.g. Alkali metal atoms, Be+, B++, …

The core electrons influence the characteristic spectrum 
arising from the single outermost electron by shielding
the nuclear charge to some extent.  The orbital energies 
depend on l as a result of differing penetration of the 
core.
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