9
Boundaries of Relativity

In the concluding pages of the previous chapter we escaped
losing ourselves in the abstract world we entered earlier. We
arrived at a conclusion about the law of electrodynamic inter-
action between clectric charge in motion without even defining
what we meant by motion. It was a natural result of being
satisfied that our theory fitted what we saw. Electrons in motion
can be measured. Their velocity is determined from a knowledge
of their mass. their charge and their centrifugal behaviour when
deflected by an electric or magnetic field. Velocity is measured
relative to the earth frame. the frame from which we make most
of measurements in physics. It is the frame we have in mind
when we speak of motion. Philosophically we may wonder if the
same laws of physics would apply if measurements were made on
the surface of the moon. It seems quite probable because test
apparatus sent to the moon appears to function there much as it
does on earth. Therefore, philosophically, we can accept the
Principle of Relativity or we can say that both the moon and the
earth have their own aether moving with them and all physics
are the same relative to this acther medium. Motion of electric
charge really means motion relative to a frame of reference in
the aether, if our interest centres on magnetic effects. This is
hypothesis, but it is a good working hypothesis and it suits the
ideas presented in Chapter 4. Nevertheless, we must admit that
other ideas can have closer claim on the truth. until there is con-
clusive evidence determining which is right. So we will be
tolerant of Relativity and explore that subject further now.
Let us stay with the problem of the force between two electric
charges in motion. The reader may elance at the reference works
available to him to find the textbook formulae for the inter-
action force. But, search as he may, he will not find anything to
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prove that a formula has been verified by experiment. Therefore,
the reader must keep a critical eye on the way the formulae are
derived.

It will be found that there is an empirical formula for the
force on an electric charge in motion in an electric and in a
magnetic field. It is known as the Lorentz force equation. Being
empirical, the equation has to be believed, having due regard for
the restrictions imposed by the experimental techniques used.
For example, we must remember that the magnetic field on
which the empirical facts are established is not produced by a
single electron but by electric currents in closed circuits or by
whatever it is that generates magnetic field inside a ferromagnet.

Writing about this empirical equation, Dingle* said:

This is not deducible from the general equations of the ficld accord-
ing to classical theory, and has therefore to be ranked as an additional
postulate. The modifications iniroduced by Relativity, however,
remove the necessity for this. since, when the proper transformation
equations are used, the force appears as a consequence of the change
of the co-ordinate system.

Now, this is a very powerful statement. To say that an empiri-
cal equation of classical physics cannot be deduced from
classical field theory is itsclf a challenging remark, and it cer-
tainly is not true today. The force on an electric charge due to an
electric field can be derived from classical field energy analysis.
The force on the charge duc to a magnetic field can also be
derived by classical techniques, as was shown at the end of the
previous chapter, provided, of course, we know the origins of
the magnetic field or assume that it is produced by a circuital
current. But, for Dingle to say that the force on an electron can
be understood in the mere transformation of a co-ordinate
system is unduly provocative. We should be in rebellion at this
blatant suggestion that magnetism is an electric field viewed
from a different reference system. But how can we rebel without
weapons? Words and philosophy arc no help against an estab-
lished doctrine. Well, we do have weapons. We have our experi-
mental facts, and we can disprove what Dingle says. First, note
that if we can develop a magnetic ficld merely by transforming a

* The Special Theory of Relarivity, H. Dingle, Methuen, 1950, p. 79.






