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Atomic Physics’ starting point: the old Bohr model

Niels Bohr
Nobel prize 1922

Solution to radiative instability of the atom:
- atom exists in a discrete set of stationary states
- radiative transitions quantum jumps between levels

- angular momentum is quantized
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Reduced mass in the old Bohr model the one particle problem

Relative coordinates:

21 rrr rrr −=

Centre of Mass

021 =+ rMrm rr

Position vectors:

r
Mm

Mr rr

+
=1

r
Mm

mr rr

+
−=2

Velocity vectors:

v
Mm

Mv rr

+
=1

v
Mm

Mv rr

+
−=2

Relative velocity

dt
rdv
r

r =

Kinetic energy

22
22

2
11 2

1
2
1

2
1 vvmvmK μ=+=

With reduced mass

Mm
mM
+

=μ

Angular momentum

vrrvmrvmL μ=+= 222111

Centripetal force

r
v

r
vm

r
vmF

2

2

2
22

1

2
11 μ

===



Lecture Notes Structure of Matter: Atoms and Molecules; W. Ubachs

Kinetic energy 2
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Quantisation of angular momentum:
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Quantisation of radius in orbit:
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The old Bohr model quantisation of radial motion
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The old Bohr model quantisation of energy
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The old Bohr model energy levels
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The old Bohr model : explains Balmers and Rydberg laws

Johann Jakob Balmer

Janne Rydberg

Succes of the Bohr model 
restricted to atomic hydrogen

Extension by Sommerfeld
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Generalisation: isotope shifts and exotic atoms
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The isotope shift

em≈μFor all atoms:

Exotic atoms:

Muonium

Positrinium

Protonium

Ion-pair states in molecules?
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The heavy Bohr atom: H+H- ∞∞ =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= RR

m
R

e
H 918μ



Lecture Notes Structure of Matter: Atoms and Molecules; W. Ubachs

Generalisation: the gravitational perspective

Gravitational potential
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Gravitation, example: Sun-Earth system

Parameters

kgM 24
1 1098.5 ×=

kgM 30
2 10989.1 ×=

mRorbit
910150×=

kgs
mG 2

3
1110673.6 −×=

s
kgm2

3410055.1 −×=h

Calculate

2

3
44

21 109.7
s

kgmMGM ×=

Bohr radius

mag
138102 −×=

Principal quantum number for given orbit:

74107.2 ×=n

Rydberg constant

JRg 182107.1 ×=∞

Energy quanta

JR
n

E g
n

41
3 1022 −

∞ ×==Δ



Lecture Notes Structure of Matter: Atoms and Molecules; W. Ubachs

Gravitation, further

Calculate the Rydberg constant 
for attraction between 
two hydrogen atoms

16587 1060.61062.2 −−− ×=×= cmJRg
eff

“Lyman-alpha” transition: n=1 n=2

Hz541048.1 −×=ν

“Bohr radius”
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How about a neutron in the
field of the Earth:
Space quantisation possible ?

Nesvizhevsky et al

Nature 415, 297 (2002)


