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On Explosion Showers

Let us consider a high. energy collision between two
particles of initial impulses

I pi I =IpsI))ps=bc/t (where

p1, p2 are referred to a barycentric frame: p1+p2 =0, and l
is a universal length ~10 "cm).

Heisenberg, ' starting from a half-classical theory of
explosion showers, showed that the number of particles
created by collision must be sensibly proportional to the
initis. l energy Z=2Ip~Ic nbcjl

Our purpose is to examine whether it is permissible to
apply the second quantization method and to assume the
existence of a suitable relativistic interaction-operator in
order to obtain some additional information about this
kind of shower. We arrive at the same description of
showers obtained by Heisenberg, and this seems to support
the consistency of our assumption. Moreover our method
leads to the result that the cross section for explosion
showers decreases for n &1 and tends to 0 when B~oo.

In analogy to Heisenberg's Lagrangian we shall consider
here, as a pIausible and typical example, an interaction-
operator G(&) which is a function of

results independent'of 0 and proportional to:
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In order to study how this probability varies with n and
with the spatial distribution of vectors k„we make use of
the conservation law;

+P1+~P2 Pkl +~k2+ ' ' ' ++k n

and find that this probability is the maximum in the case
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Thus n is proportional to the initial energy and the
frequency of explosion showers results reduced by the
factor G for incident energies greater than cPO.
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We suppose also that this operator corresponds to some
kind of short range forces, e.g. we consider G(&) of the
type exp P

—
~ ( ~ J or ($+1) ' (for Yukawa forces), or other

types used for "cutting o6" purposes.
The general term of interaction, which in the formalism

of second quantization, corresponds to an explosion shower,
1s:

bky bka* ~ ~ bk„*ay,apsf Sk&*( t) ~x~ ~ rpk„*g($)ppnpps(x, t)dx,

where q k,pp,, represent plane waves with impulses k,p,
and bk, *ap, are the usual operators representing the crea-
tion and the annihilation of particles. qk, pp, are normalized
in a volume 0, and thus assume the form:

Q 'e„exp (i/h) {Px—Bt),

where n„are only spin dependent factors. We have 2

G(()yplyp2 =G I Po L(Pl+$2) & (@1+~2)
x QP]NP2 exP (i/h) L(P1+P2)x—(81+82)tj.

Applying the usual perturbation method in order to ob-
tain the Fourier coefficients of the function x which
represents a state:

y(Nk1¹2 ~ Np1 t)
=wc(Nk'1 .Np1. .t) exp {

—(i/k)(Nk181+ )tJ
(with obvious signification of the symbols) we obtain:

I
c(1k( ~ ~ 1k~Op&0p2t) I'

2~ 1
(pk1* q k„*GQP1$P2dx

h aB
where

is the number of quantum states referred to unit energy
interval. In a barycentric frame we have f1+p2 =0
=k&+ks+ +k„. An easy calculation shows that: IrI'

Ferromagnetic Anisotropy of Low Nickel Alloys of Iron

Although the ferromagnetic anisotropy constant X1 has
been determined accurately for iron-nickel alloys contain-
ing 50 percent or more of nickel, nothing at all is known
about the low nickel alloys. The marked discontinuity in
magnetic properties of 30 percent nickel makes it impossible
to interpolate between iron and the high nickel alloys.
Until the time when suitable low nickel single crystals of
iron are grown, the only way of obtaining any idea as to
the behavior of the anisotropy constant X1 in the low
nickel range is to make use of cold-rolled material. This is
possible because the texture of cold-rolled iron-nickel al-
loys has been carefully investigated by McLachlan and
Davey, using standard x-ray diffraction technique. They
found that for a given total percentage of cold reduction
in thickness, the texture was independent of the composi-
tion up to at least 20 percent nickel.

The magnetic torque curve of cold-rolled iron is similar
to that of an iron single crystal disk having (100) in its
plane, 2 The exact shape and the amplitude of the poly-
crystalline torque curve depend upon the nature of the
deviations from the ideal (100) orientation and upon the
fraction of material having a random texture. It is con-
venient to speak of a texture factor, which is defined as the
ratio of the amplitude of the predominant 40 term in the
torque curve of the cold-rolled material to the corresponding
amplitude for a single crystal of the same composition
and volume For all practical purposes, the texture factor
can be taken as the ratio of the average of the torque peaks
of the polycrystalline material to that of the single crystal.
In view of the work of McLachlan and Davey, it can be
assumed that if iron and iron-nickel alloys are cold-rolled
in the same manner, their texture factor will be the same,
at least as a first approximation. The av'erage values of the
torque peaks will then be directly proportional to the
corresponding values of X,.
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Pressed powder ingots of iron containing various amounts
of nickel were hot-rolled from a thickness of 1 in. to 0.60 in. ,
and then cold-rolled 97 percent to 0.020 in. Several i-in.
disks were stamped from each strip for the magnetic
torque measurements. The torque peaks were measured at
several different fields to permit of extrapolating them to
their limiting values. ' The results, calculated on the as-

Fro. 1. Ferromagnetic anisotropy constant for various low nickel alloys
of iron.

sumption that for iron Xi=5.29X10' ergs/cm' and that
the texture factor is constant for all the compositions
studied, are shown in Fig. 1. A texture factor of 0.335 was
found for the iron specimens.

The probable accuracy of the results depends entirely
upon the constancy of the texture factor. It is reasonable
to assume that if this factor varies by 20 percent or there-
abouts, the texture must have changed enough to affect
the x-ray diffraction patterns. Since no such effect was
found by McLachlan and Davey, a conservative estimate
of the probable error of Et. for the higher nickel range is not
more than 20 percent. The error should be proportionately
less for the alloys poorer in nickel, if we assume that, as the
nickel content increases, the texture factor departs in a
uniform manner from its value for iron. According to the
straight line drawn through the points of Fig. 1, the aniso-

tropy constant of iron containing 12 atomic percent of
nickel is half that of" pure iron.
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