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because (1) we may work with S(g') indepen-
dent of t provided the matrix g(q', g") involves
t as a parameter, (2) the equation is obviously
true in the reference system of the energy
where q (t) =q (0) exp [(2ec/h)(W„W—)tj
(3) the values of the integrals on the right and
left of the above equation are indepedent of
the reference system used for matrix represen-
tation. In a similar way we have

dp —. BV
p ~

dt Bq

The way in which we use the matrices
q(g', g") is explained very clearly in Schroed-
inger Sitzungsberichte der preussischen Akad-
emie XXIV p. 417, 1930, and is treated in
Weyl's book, chapter II section 15. Remern-
bering that Schroedinger's p(0) is our S, it is
seen that at any time the averages a Va/g is
taken weighing every element of the configu-
ration space in proportion to P*(t)P(t) at that
point at the particular time i.e. the average is
taken in the same way as by Ehrenfest and
Ruark. The same can be done for any other

equation which holds between matrix as well as
classical glantities. The only doubtful point
of this shorthand proof lies in dealing with
singular matrices which must be expressed by
means of the 8 function. This however, is
usually only a formal objection since throwing
away the "surface integral" contributions of
partial integrations is also a necessary part of
the purely wave-mechanical proof such as that
of Ehrenfest quoted above.

Although the above statement is simple
enough to be called trivial it seems that its
physical implication is not always realized.
Thus for instance the motion of a non-relativis-
tic spinless electron in a magnetic field is gov-
erned by the same equations in quantum and

in classical dynamics. The center of mass is
therefore moving as the classical center of
mass under the action of the mean electro-
magnetic field in the wave package. This has
already been proved a long time ago by Ken-
nard and elucidated by Eckart in connection
with a recently suggested explanation of dis-
crepancies between the values of e/m. Simi-
larly with the relativistic Dirac equation the
rate of change of the mechanical momentum
is known to be given by a formula having the
same structure as the classical formula, the
classical velocities being replaced by —ca;.
Again the mean value theorem holds. The
equation which proves this is the one derived
by Fock.'

d BAp—(PI+ eAI/c) = e-
dt 8$]

dxI —CCXI '
dt

Here pI+eA I/c is the momentum in the direc-
tion xI, Ap is the scalar potential, (AI, Ag, A~)
is the vector potential and cxI, a2, a3, a4 are
Dirac's four-row matrices. The equation
proves that the rate of change of the average
of pI+eAI/c of a wave package is related to
the average force on the wave package by the
equation of classical electordynamics

& = pI E + (va)/c} .
G. BREIT

Department of Physics,
New York University,

December 12, 1930.

' Fock, Zeits. f. Physik 55, 127 (1929).

Block Structure and Ferromagnetism

In the following a model is proposed for

ferromagnetic substance baseds on the assump-
tion of the existence of a "block structure" in

solids as postulated by Smekal and Zwicky,
and some of the properties of this model are
pointed out. In a future communication it is

hoped to give a more detailed and comprehen-
sive account of the derivations and results
indicated below.

A block, according to Zwicky, ' is a region
having the properties of a perfect crystal, sur-
rounded by a surface physically different from
the volume. This difference is connected with

a local rearrangement of atoms such that
along the surface the average interatomic dis-
tance is not that prevailing inside of a block.
If such blocks exist, it is not unreasonable to
assume that each one is spontaneously mag-
netized as predicted by the Weiss-Heisenberg
theory

Iz I PNIz—= tanh
Ip EST

I F. Zwicky, Helvetica Physica Acta 3, 269
(1930).
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In this expression the dependence on H is
omitted as it is negligibly small for the field
strengths used in most experiments, and its
inclusion would add nothing to the following
discussion. pg is a Bohr magneton. The as-
sumption is now made, and this is the only
new assumption, that various blocks may be
magnetized in various directions, or what
amounts to the same thing, any particular
block may change the direction in which it is
magnetized, and its magnetic moment need
not be parallel to those of its neighbors. This
is equivalent to saying that the electrons on
opposite sides of a block surface are not ferro-
magnetically coupled to each other. Such a
situation is not unthinkable, as such a coup-
ling depends on Heisenberg's resonance in-

tegral which is known to be extraordinarily
sensitive to variations in inter-atomic spacing,
and such variations actually define the surface
of a block.

Our model, then, is a group of permanent
magnets, having primarily a thermomagnetic
interaction. For the present, surface phe-
nomena are neglected. In order to simplify
the problem, the blocks are assumed isotropic,
so that there are no "directions of easy mag-
netization. " These last two assumptions
should be dropped in a more exhaustive dis-
cussion. Under these conditions the blocks
may be expected to interact in such a way
that the magnetization is approximately given
by

Here p is the block moment and is given

by Izv, the saturation intensity at the tem-
perature T multiplied by the volume of a
block. L is a factor varying between 0 for
long thin blocks whose axis is parallel to H,
and 4m for disk shaped blocks. LI represents
the internal field. Eqs. (1) and (2) define the
behaviour of our model.

The first point of interest is that this model
is essentially that of Ewing, with the excep-
tion that the elementary magnets, instead of
being of atomic dimensions, are somewhat
larger. T'hus the model is fundamentally ca-
pable of describing a magnetization curve and
a hysteresis loop, as Ewing demonstrated ex-
perimentally. The details are determined by
the only two arbitrary constants, appearing
in the equations, p, and L. To get an idea of
their order of magnitude it is possible to assign

values to them which will give observed values
for Kp, the initial susceptibility. Using ex-
perimental data obtained on iron, nickel and
cobalt for Kp and Ip, and substituting extreme
values of L, we find that the block volume
contains between 10' and 10' atoms. An inter-
mediate value of L would give an intermedi-
ate block size.

The next point of interest is that this model
gives the approach to saturation correctly. In
a very thorough investigation Weiss' showed
that most substances approach saturation ac-
cording to the formulae

(3)

(4)

The first of these formulae follows irnmedi-
ately from Eq. (2), and from the constant a
it is possible to compute the number of atoms
per block. (a=KT/p, p =vs). With Weiss's
data for nickel and iron we get approximately
10' atoms per block. Weiss examined the ap-
proach to saturation as a function of the tem-
perature between 100'K and 300'K. In this
region Iz/Ip as given by Eq. (1) is very ap-
proximately a straight line if plotted as a func-
tion of T'. From the constant A it is possible
to compute the molecular field constant N,
and the values obtained are quite reasonable.
It is true that an extrapolation of (4) for T=0
leads to somewhat too high values for Ip, but
in general the error so committed will be
small.

Further, this model has two Curie-points, a
property of most ferromagnetic substances as
pointed out by Forrer. ' 8„ the paramagnetic
Curie-point is defined by the modified Curie
Equation x=c/(T —0~) for T&8~. Of, the
ferromagnetic Curie-point is in general less
than 8„, and is the temperature at which
spontaneous magnetization disappears, 8~ is
given in the usual way by Eq, (1). On the
other hand Eq. (2) will itself have a Curie-
point

p,LIz
Of =

3E

That is, for T&Hy the spontaneous mag-
netization of the whole material» will disap-
pear, whereas for T&8j, theblocks themselves
lose their moments. From this it is evident

P P. Weiss, Ann. de Physique 12, 20 (1929).
' R. Forrer, Journ. de Ph. et le Rad. I, 49

(1930).
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that Hr]r~r(S„as it is actually observed in
most substances. A detailed examination
shows that 8~ —ey =approximately 15'C is con-
sistent with blocks containing about 10» at-
oms.

Such an interpretation of Of brings with it
the necessity of a new explanation of the ther-
mal phenomena at the Curie-point. Such an
explanation it is impossible to give until more
definite assumptions can be made regarding
the surface energies of the blocks, the effect of
strains, etc. The fact that acceptance of the
proposed model would require the abandon-
ment of our present explanation of thermo-
magnetic phenomena at the Curie-point,
would be a telling argument against such a
model, were it not that just here the Weiss
Theory is in part not quite satisfactory (in its
interpretation of the change in specific heat
for T=8) and in part purely thermodynamic
(in the relationship it establishes between the
specific heat and the magnetocaloric effect).

In conclusion I wish to point out that blocks
containing approximately 10» atoms, as here
postulated for the explanation of three ferro-
magnetic phenomena, are of the same order of
magnitude as those postulated by Smekal and
Zwicky to explain certain mechanical and elec-
trical phenomena.

FRANCIS BITTER
Research Laboratories,

Westinghouse Electric 8r Manufacturing
Co.,

East Pittsburgh, Pa. ,

November 19, 1930.

' Spontaneous magnetization of the sample
need not, of course, include the whole sample.
It may be spontaneously magnetized in differ-
ent directions in different regions. It would
be sufficient that large groups of units, in this
case larger groups of blocks, should possess a
resultant moment kn the absence of externally
applied fields.

Secondary Electrons from Molybdenum

The writer has continued work begun by
Soller (Phys. Rev. 36, 664, 1930) on the dis-
tribution in energy of electrons emitted by a
molybdenum target bornbarded by a narrow,
homogeneous beam of electrons of relatively
low energy (20 to 100 volts).

The apparatus was a modification of that of
Soller, employing the method of magnetic
analysis. The target was heated by electron
bombardment for a total of 700 hours. Ob-
servations were taken at intervals. throughout
this outgassing period. With the primary
energy held constant, measurements were
taken of the number of secondary electrons
(N, ) of energy e. By changing the magnetic
field, e was made to vary in steps of 0.1 to 0.2
volts from zero up to the primary energy.
Curves were plotted for ¹/N)&const. as a
function of e where N is the total number of
primary electrons.

Curves plotted from the results obtained for
a cold target show, in addition to the usual
large group of secondary electrons with energy
approximately that of the primaries, a low
maximum in the region 5 to 15 volts and a
second very broad and somewhat higher maxi-
mum at an energy approximately one-half
that of the primaries. For low primary ener-
gies these two groups become merged. In
addition there are three well defined maxima
corresponding to electrons possessing ener-

gies 4.7, 11.2, and 23.2 (+.4) volts less than
the energy of the true reflection maximum.
These last maxima are similar to those found

by Rudberg (Proc. Roy. Soc. A12'7, 111, 1930)
for various metals and indicate the presence
of reflected primary electrons which have lost
a discrete amount of energy in the process of
reflection. The height of these peaks increases
as the velocity of the primary electrons de-
creases. These peaks appeared only after con-
siderable outgassing and became more and
more marked with further heating.

In attempting to eliminate the effects due
to gas occluded on the surface of a cold target,
the following procedure was adopted. With
the magnetic field set to correspond to a given
value of e the target was heated to a bright
yellow for thirty seconds and

¹
measured

thirty seconds after the bombarding current
was cut off. (The target ceased to be visibly
red after about 20 seconds. ) This procedure
was followed through the whole range of
values of e. A typical curve obtained from
these data was that for a primary energy of
60 volts. Observations taken in this way
show a very large group of low velocity secon-
daries of energy from three to twenty-five
volts, and N, /N now reaches a maximum
value at 8 volts which is 27 times as great as
the corresponding maximum at 8 volts for a
cold target. For higher values of c the values


