
APPENDIX A. NATURAL UNITS

The dimensionless constan t 11., which was named the fine structu re con­
stant, has a sign ificance which goes beyo nd its role in Equation 4.13. Its
mag nitude may be regarded as a measur e of th e strength of th e coupling of
part icles of charge ±e to electromagn etic fields. Indeed, on e may call e2 the
"strength" of the interaction between particles of charge ±e and electro­
magnetic fields, but it is more " natura l" to use th e dimensionless quantit y
11. = e2Jfic for th is purpose. Sin ce oc is independ en t of mass it can be used to
describe the electromagneti c interactions of all particles of charge ±e.

An appropria te set of natural units for describing atomic phenomena is
as follows :

In terms of th e natural units an d the coupling const ant 11., the relationships
that were previously found for the hydrogen atom may be expressed as follows:
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Natural U nit Description

mo electron rest mass

Ii
Compton waveleng th divided by 27T"'c=-

moe

Ii
reciprocal of the de Broglie frequency

moc2
associated with electron rest mass
energy

moc2 electron rest mass energy

c speed of light
. ~n Planck' s constant divid ed by 27T

1i2 "'ca - - ---o - moe2 - oc
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Thus, when exp ressed in natural units, we may regard the hyd rogen atOI1
as being rather weakly bound, which is to say that the electromagnetic inter
action is a weak interaction in th e world of elementary particles. For instance
suppose that the coupling constant oc were ne arly unity. Then the Bohr radiu
would be nearly th e Compton waveleng th, and the ground stat e of hydrogel
would be of the same order of magnitude as the rest mass energy of the d ec
tron. The densi ty of matter then wou ld be gre at er by th e factor (137)3.

It is evident from the form of the orbital velocity that 11.2 is the appropriat
correction for relativistic effects, wh ich are always proportional to (VJC) 2.

.; Some form ofsimplified units is always used in ad vanced courses , althougl
it may not be the system described here. A frequen t practice in quantun
electrodynamics is to define Ii = c = m = 1, in order to simplify all equations
When the answer is obtained it is then multiplied by th e appropriate com
bination of th ese universal constants which gives it the correct dim ensions.

In a non-relativistic tre atment of atomic systems, the "natural" unit
turn out to be the so-called atomic units wherein the unit of length is th
Bohr radius ao, the unit of mass is mo, and energies are expressed in te rms ofw,
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Ground state en ergy: -Wo =

R ydberg constant:

Orbital velocity: v = (1.C


