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be defined relatively to the Hohlraum is: dz! =

&
?1: V.G (p) p® dp, where G (p)~1if p<<b, and & (p)—0

it p— 00, and b = hfr, is a critical value of the impulse.
It means that a Lorentz observer has no possibility of
distinguishing between states belonging to an as-
sembly of n (p)=G* (p) neighbouring states. (A dis-
cussion of the measure of p by means of the Compton
effect shows that the possibilities offered by this
measure are not incompatible with the existence of
the indeterminacy here examined.) For example, if
a particle with p>b produces showers by collision
with the walls, the usual eigenstates become energetic-
ally connected and consequently indistinguishable.
Considering the correlation between the quantum
states and the cells of volume A% in the phase-space,
we can say that it is impossible to distinguish experi-
mentally elements of an assembly of n (p) neigh-
bouring cells, and thus it is necessary to consider such
an assembly as constituting a unique quantum cell in
the new theory. We assume, therefore, that the
observables, impulse p; and co-ordinate x, relative
to a reference frame individualized by the measuring
apparatus, satisfy the commutation relation of the
type :
Apg Az =k f (pz),

where f (pa)~1 if | ps|<b and f (ps)—>0 if [pg|—.

Recently I have shown that it is possible to build an
example of representatives of these new states and
observables satisfying the following rules: the
number of states for a unit impulse interval has a
maximum for p~vb; the total number of states is
finite ; the representatives of the states corresponding
to the impulse-operator are mot orthogonal; the
orthogonality is approximately satisfied only for
eigen values p<<b.

In order to satisfy the claim of relativistic in-
variance, it is possible to substitute systematically
for the impulses the modulus of the difference between
two 4-vectors p, referred to an initial and a final
state respectively. The consideration of the reference
frame individualized by the measuring apparatus in
this formulation of the theory gives results of great
importance.

The most important consequences of the modified
algebra of states and observables will be discussed in
detail elsewhere. Let us confine ourselves to some
remarks regarding the possible origin of Heisenberg’s
explosion-showers. According to the present quantum
theory, the simultaneous production of many particles
in a single quantum process is very improbable
because it corresponds to a high-order process of the
perturbation theory. In a first order transition the
selection rules, derived in the case of photons from
the orthogonality and peculiar properties of the
eigenfunctions of a harmonic oscillator, forbid transi-
tions with emission and absorption of more than one
photon. The representatives of the new quantum
states corresponding to p>b are not orthogonal and
differ sensibly from the usual representatives. There-
fore the first order process with simultaneous emission
of many particles becomes probable, with the same
order of probability as the single particle trangition.

A more detailed discussion shows that in the bary-
centric frame of two colliding particles the impulses
of secondaries have their probable wvalues ~~b
because the great majority of quantum states is
condensed in the region p~vb. In another reference
frame, in which the barycentre is moving with an
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ultra-relativistic veloecity, nearly all secondaries are
projected, with p>>b, within a small solid angle (as
in the hard showers of Bothe). The existence of a
lower limit of measurable lengths follows also from
the assumption discussed above.

GrEB WATAGHIN,

Department of Physics,
Sao Paulo University,
S&o Paulo.

April 30.

Indeterminacy and Electron Spin

Smce a dipole of magnetic moment M in & mag-
netic field of intensity H has a potential energy
— M.H, two free electrons in magnetized iron with
magnetic axes respectively parallel and anti-parallel
to the direction of magnetization should differ in
potential energy by Heh/2rmme, where H is the effective
field intensity acting on a free electron in the iron.
It may be of some interest to see whether this
difference in energy could be detected in an ideal
experiment, for example, by a splitting under
magnetization of the photo-electric threshold of iron,
or whethor the quantum indeterminacy prevents the
resolution, as Bohr has shown it must in a Stern-
Gerlach experiment on a beam of free electrons?,

Let the field be assumed parallel to a boundary
of the iron. At the photo-electric threshold those
electrons will just escape which reach the boundary
with a velocity v normal to the surface, the work
function being given by

W = L mod.

The path of these electrons in the iron will be an arc in
a plane normal to the direction of magnetization and
having a radius given by

p = mwe/He.

They must therefore have received the kinetic energy
W at some point on a semi-circle in the iron, and
their initial angular position is thus determined
within the angle =. Canonically conjugate with the
angular co-ordinate is the angular momentum given
by

mop = micfeH = W-2mc/eH.

The indeterminacy in the angular co-ordinate being
7, we have :

e A{mop) > A
whence

AW > Heh[2rme.

But this is just the difference in energy that was to
be resolved, and the resolution is thus impossible.
If the direction of magnetization is normal to the
boundary, the conclusion is the same. The argument
in this case resembles that for the BStern-Gerlach
experiment in that it depends on the divergence
equation of the magnetic field.
R. T. Cox.
Franx E. MyERs.
New York University,
University Heights,
New York, N.Y.
July 4.
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