and magnetic fields, which are seen as
co-existent.

MAXWELL faced up to the paradox
that whereas electric circuits, in order
to function properly by allowing the.
passage of electric current, were
thought to require a complete closed
circuit of conductors, electric current
still seemed to flow for a time when a
capacitor (which of course is an open
circuit) was placed in series with the
closed loop of conductors. He “cut the
" Gordian knot” (according to Heavi-
side)! by postulating that a new kind of
current, which he called “displacement
current”, leapt across the plates within
the capacitor. This electric current,
which was uniformly distributed in the
space between the capacitor plates,
could even flow through a vacuum.

Maxwell followed up this daring idea
by suggesting that electromagnetic
waves might exist in space. Scepticism
about his postulated ‘‘displacement
current” was silenced in 1887 when
Hertz discovered the predicted waves in
space. The classic pre-Popperian
requirement of a good scientific theory
seemed to have been met — the predic-
tion of further results which are later
confirmed by experiment.

There are two versions of'the trans-.

versé electromagnetic wave, the “roll-
ing wave,” and what we shall.call here
the “Heaviside signal.” We shall discuss
only the wide variety of views among
those who believe (with the relativists)
that there is no instantaneous action at
a distance.

The rolling wave

Thelack of action at a distance createsa
fundamental difficulty for the wave in
space if it is to be launched by a force in
the direction of propagation. The key to
the ability of a force to project a wave is
that there is a pressure difference be-
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whereas a longltudmal force cannot.
The above kind of reasoning, com-
bined with the postulation of displace-
ment current, which seemed to flow at
right angles to the direction of propa-

gation, joined forces to create the no-.

tion of the rolling wave. The rolling
wave contains alternating concentra-

tions of magnetic energy Y%pH? and

electric energy %eE? in the direction of
propagation. It is useful to think of a
road with alternate red trucks and

white motor cars. The magnetic energy”

or flux (by Faraday’s law of induction)
generates electric energy and displace-
ment current ahead of itself, which in
turn (by the Biot-Savart Law) generates
magnetic flux, or energy, ahead of itself.
Each type of energy, or flux, topples
over and forward, changing as it topples
into the other kind of energy. It is as
though in the road containing the
alternate red trucks and white cars, first
the red trucks reappear as white cars a
little further ahead while at the same
time the white cars turn into red trucks
a little further ahead; then the trucks
and cars change back again, moving
forward a little with each
metamorphosis. The analogy with the
pendulum has been proposed. One can
think of a long line of pendulums,
alternate ones having potential energy
and kinetic energy, and communicating
their energy forward step by step with a
change of type of energy at each one.

The Heaviside signal

"Opposed to the rolling wave is what we

have called the Heaviside signal. The
most highly developed form of this view
is that at any point in_space, an elec-
tromagnetic signal always contains one
kind of energy only, which is equal to
the product of E and H at that point,
where
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amved at a full understandmg of the
Heaviside signal described in the pre-
vious paragraph:

Heaviside vacillated between the two
views, the rolling wave and the Heavi-
side signal. He always applauded the
idea of displacement current, which

.appears to put him on the side of the

rolling wave, Further, on page 6, art. 453
of volume 3 of his “Electromagnetic
‘Theory”, when he says that the curl of
E, not E itself, is the real source of the
waves, he is again arguing for the roll-
ing wave. Curliness is obviously a bid
for shear, vorticular forces, a concept
intrinsic to the rolling wave. However,
elsewhere he seems to stand firmly for
the Heaviside signal. For instance (ibid,
art. 451, page 4), he says, “It carries all
its properties with it unchanged,” which
is a clear statement of the Heaviside
signal. In art. 452, the mention of a
“slab” of signal is strongly on the side of
the Heaviside signal. Heaviside men-
tions the slab elsewhere in his writings.
One does not conceive of slabs rolling,
or generating shear forces or stresses.
Almost by definition, a slab, like a slab
of heavy granite, moves forward un-
changed at constant velocity. .

Professor Poynting, who first sugg-
ested that energy was distributed in
space with a density EXH, also had a
partial vision of the Heaviside signal. He
definitely did not know that E is always
perpendicular to H, and that the X
in ExH means simply multiplication.
(He had a term sin for the angle bet-
ween them.) Poynting was writing be-
fore the general agreement that light is
electromagnetic, and so did not know
that this Poynting energy E X H always
moved forward (in the third dimension)
at a constant speed, 1//p¢, the velocity
of light in the medium.

Poynting had a very good grasp of the
direction of energy flow and its mag-
nitude, but did not seem to understand









