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LETTERS TO THE EDITORS

The Editors do not hold themselves responsible
Jfor opinions expressed by their correspondents.
No notice is taken of anonymous communications

Is there an Ather ?

In the last century, the idea of a universal and
all-pervading sther was popular as a foundation on
which to build the theory of electromagnetic phe-
The situation was profoundly influenced
in 1905 by Einstein's discovery of the principle of
relativity, leading to the requirement of a four-
dimensional formulation of all natural laws. It was
soon found that the existence of an sther could not
be fitted in with relativity, and since relativity was
well established, the eether was abandoned.

Physical knowledge has advanced very much since
1905, notably by the arrival of quantum mechanics,
and the situation has again changed. If one re-
examines the question in the light of present-day
knowledge, one finds that the zther is no longer ruled
out by relativity, and good reasons can now be
advanced for postulating an wether.

Let us consider in its simplest form the old argu-
ment for showing that the existence of an ather is
incompatible with relativity. Take a region of space-
time which is a perfect vacuum, that is, there is no
matter in it and also no fields. According to the
principle of relativity, this region must be isotropic
in the Lorentz sense—all directions within the light-
cone must be equivalent to one another. According
to the xther hypothesis, at each point in the region
there must be an xther, moving with some velocity,
presumably less than the velocity of light. This
velocity provides a preferred direction within the
light-cone in space-time, which direction should show
itself up in suitable experiments. Thus we get a
contradiction with the relativistic requirement that
all directions within the light-cone are equivalent.

This argument is unassailable from the 1905 point
of view, but at the present time it needs modification,
because we have to apply quantum mechanics to the
@ther. The velocity of the ather, like other physical
variables, is subject to uncertainty relations. For a
particular physical state the velocity of the sther
at a certain point of space-time will not usually be
a well-defined quantity, but will be distributed over
various possible values according to a probability
law obtained by taking the square of the modulus of
a wave function. We may set up a wave function
which makes all values for the velocity of the ®ther
equally probable. Such a wave function may well
represent the perfect vacuum state in accordance with
the principle of relativity.

One gets an analogous problem by considering the
hydrogen atom with neglect of the spins of the electron
and proton. From the classical picture it would seem
to be impossible for this atom to be in a state of
spherical symmetry. We know experimentally that
the hydrogen atom can be in a state of spherical
symmetry—any spectroscopic S-state is such a state
—and the quantum theory provides an explanation
by allowing spherically symmetrical wave functions,
each of which makes all directions for the line joining
electron to proton equally probable.

We thus see that the passage from the classical
theory to the quantum theory makes drastic
alterations in our ideas of symmetry. A thing
which cannot be symmetrical in the classical model
may very well be symmetrical after quantization.
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This provides a means of reconciling the disturbance
of Lorentz symmetry in space-time produced by
the existence of an wther with the principle of
relativity.

There is one respect in which the analogy of the
hydrogen atom is imperfect. A state of spherical
symmetry of the hydrogen atom is quite a proper
state—the wave function representing it can be
normalized. This is not so for the state of Lorentz
symmetry of the ather.

Let us assume the four components 7, of the
velocity of the sther at any point of space-time
commute with one another. Then we can sct up a
representation with the wave functions involving the
v’8. The four ¢’s can be pictured as defining a point
on a three-dimensional hyperboloid in a four-
dimensional space, with the equation :
=1 v > 0. (1)
A wave-function which represents a state for which all
wther velocities are equally probable must be inde-
pendent of the v’s, so it is a constant over the hyper-
boloid (1). If we form the square of the modulus of
this wave function and integrate over the three-
dimensional surface (1) in a Lorentz-invariant
manner, which means attaching equal weights to
elements of the surface which can be transformed
into one another by a Lorentz transformation, the
result will be infinite. Thus this wave function cannot
be normalized.

The states corresponding to wave functions that
can be normalized are the only states that can be
attained in practice. A state corresponding to a
wave function which cannot be normalized should
be looked upon as a theoretical idealization, which
can never be actually realized, although one can
approach indefinitely close to it. Such idealized states
are very useful in quantum theory, and we could not
do without them. For example, any state for which
there is a particle with a specified momentum is of
this kind—the wave function cannot be normalized
because from the uncertainty principle the particle
would have to be distributed over the whole universe
—and such states are needed in collision problems.

We can now see that we may very well have an
sether, subject to quantum mechanics and conforming
to relativity, provided we are willing to consider the
perfect vacuum as an idealized state, not attainable
in practice. ¥rom the experimental point of view,
there does not seem to be any objection to this.
We must make some profound alterations in our
theoretical ideas of the vacuum. It is no longer a
trivial state, but needs elaborate mathematics for
its description.

I have recently® put forward a new theory of
electrodynamics in which the potentials 4, are
restricted by :

VoL. 168

Dot — VE — V% — VP

Ay 4y = k2,
where & is a universal constant. From the continuity
of A, we see that it must always have the same
sign and we may take it positive. We can then put
14, =y (2
and get v’s satisfying (1). These v’s define a velocity.
Its physical significance in the theory is that if there
is any electric charge it must flow with this velocity,
and In regions where there is no charge it is the
velocity with which a small charge would have to
flow if it were introduced.
We have now the velocity (2) at all points of
space-time, playing a fundamental part in electro-
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dynamics. It is natural to regard it as the velocity
of some real physical thing. Thus with the new
theory of electrodynamics we are rather forced to
have an sther.
P. A. M. Dirac

St. John's College,

Cambridge. Oct. 9.
' Proc. Roy. Soc., [A, 209, 201 (1951)).

The Proportional Counter in X-Ray
Diffraction Work

RecENT work, for example, that by Curran et al.l,
has shown how the proportional counter can be made
a reliable tool for measuring the
energies of soft radiations. Uscd
as a detector for measuring the
intensities of diffracted X-rays, it
possesses many advantages over the
Geiger counter. With the propor-
tional counter, counting losses are
entirely negligible for all X-ray in-
tensities likely to be realized with
conventional X-ray generators and
diffraction techniques. The possibil-
ity of diseriminating against un-
wanted radiations of wave-lengths
other than that of the character-
istic radiation used for diffraction
purposes enables diffraction records
of greatly improved quality to
be obtained, especially when the
specimen gives rise to appreciable
fluorescent radiation. Particularly
valuable is the ability to cut out
radiation the wave-length of which
is & submultiple of that of the char-
acteristic radiation. The life of the
proportional counter is practically
infinite, and so it is much more
economical than the organic-vapour-
quenched Geiger counters commonly
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doubling the X-ray tube current. On curve (a) a
low peak at 16 keV. is due to the presence of radia-
tion of wave-length A = 0:77 A. from the second-order
reflexion, 400. The harmonic is thus present in
noticeable amount even at the low X-ray tube volt-
age of 30 kV. The small peaks on the low-energy
side of both the 8 keV. and 16 keV. peaks are due to
a small fraction of energy being lost as argon fluores-
cent K radiation which was not absorbed in the
counter gas.

Figs. 22 and b show counter spectrometer records
of part of the diffraction spectrum of powdered
chrome alum taken by Geiger counter in Fig. 2a and
by proportional counter in Fig. 2b. Copper Ka
radiation was used, and in each case a nickel § filter

PP o0 W, x

employed as X-ray detectors. 0

A cylindrical brass-bodied propor- 0
tional counter has been used mounted
with its axis at right angles to the
diffracted X-ray beam, which enters
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by a thin beryllium window. The
counter was filled to atmospheric
pressure with argon plus ethylenc.
Amplified counter pulses pass through
a variable-width single-channel pulse
analyser the output of which feeds
a scaling unit and/or rate-meter with
graphical recorder.

Fig. 1 shows that radiation of
wave-length A = 1-54 A, and energy
8:05 keV. (copper Ka) is com-
pletely separated from the harm-
onic wave-length of A = 0-77 A. and
energy 16-1 keV. Curve (a) was
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tube being run at 30 kV. Curve (b)
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appropriate glancing angle, the X-ray

077 A. obtained by reducing the 30
glancing angle, increasing the X-
ray tube voltage to 50 kV., and
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