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The Hydrogen Atom Emission Spectrum
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Balmer (1885), Rydberg (1890) and Ritz (1908) analyzed atomic spectra empirically 
to find relationships between the frequencies of line sequences:
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The Bohr Atom

Bohr proposed: 
Electrons are in stationary states (orbits about the nucleus) without emission of energy.

Transitions between states result in emission of radiation.

the nuclear electrostatic attraction is exactly balanced by 
the centrifugal acceleration of the orbiting electron.
Orbital angular momentum is in integral multiples of 1, 2, 3L mvr n n= = =
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Analysis of the H Atom Spectrum

0

2

4

6

8

10

12

14

16

0.000 0.050 0.100 0.150 0.200 0.250

1/n2
2

hν
/e

V

Lyman   n1 = 1

Balmer n1 = 2

Paschen n1 = 3

Brackett n1 = 4



4

Why are Bohr orbits Quantized?

Treat the electron in orbit like the ‘particle on a ring”.  

It must satisfy the cyclic boundary condition: 2 1,2,3,...r n nπ = λ =

Combining this with the de Broglie relation /p mv h= = λ

gives the Bohr quantization condition:
2
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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 
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Apply separation of variables: ( , , ) R( )Y( , )r rψ θ φ = θ φ

Divide by R and Y and multiply by r2 ≡ particle on a sphere with
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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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H Atom Radial Wavefunctions
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The solutions of the radial equation 
are associated Laguerre functions:
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H Atom Radial Functions
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Radial Distribution Functions
R ( )Y ( , )nlm nl lmrψ = θ φ
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Normalize Y00 over the surface 
area of a sphere of radius r:

n = 1

n = 2

n = 3

l = 0 l = 1

1s

2s

3s

2p

3p

radial distribution function

In general, probability density of finding electron 

at a point

at a distance r
2

2 2 2

0 0
2 2

( ) R d Y sin d d

4 R d

P r r r

r r

π π

= θ θ φ

= π

∫ ∫

2 2 2 2( , , ) d R Y sin d dP r rθ φ = ψ τ = θ θ φ



10

Paul Percival CHEM 260  Spring 2010

How Big is the Hydrogen Atom?

The ground state of the H atom has n = 1, l = 0, m = 0 0
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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
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Shapes of H Atom Orbitals (cont.)
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The Spectrum of Atomic Hydrogen
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Spectral transitions are governed by selection rules:  Δn = any integer,Δl = ±1, Δm = 0

photons have angular momentum
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The Spectra of Hydrogen-like Atoms
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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.


