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Recently, in a paper under the same title]'the authors H, S,
Green and H, Messel criticized "all previous work" on the subject
in question. A reply to their criticism seems worth while in order
to avoid confusion and to clear up the situation.

1) Green's and Messel's criticism, at first, concerns the
higher angular and radisl moments, due to multiple Coulomk scatter-
ing, of the cascade electrons of a given energy. The numerical vale-
ues of these higher moments depend csscentially on the manner in
which the effect of single scattering is taken into account, With
respect to this, the following cascs can te distingulshed:

A. Purc multiple scattering: This is the approxima-
tlon of Landau's cquations, Single scattering is entirely ncglected
and the angular and radial distribution functions f(E,8) and f(E,r),
therefore, fall off too rapidly =t grcat arguments 8 and r. The
higher moments are closcly connccted with the fall~off at grecat ar-
guments and are therefore, strictly spcaking, without physibal sig-
nificance in this approximztion. Tevertheless, their computation
can ke useful, These are the higher moments which have been exactly
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calculated by Eyges and Fernbach 2. In thc present author's theory3
these higher moments werc duly taken into account up to a certain
stage of the celculation (cf. kelow).

Be Single scattering is token into acccunt with duc
considcration of the effcct of the finitec size of the hueclei: This
is, in principle, the most exact proccdure and it is this which was
proposcd by Green and Messcl in their paper, The limitation of the
great single scattering angles as a consecquence of the finite size
of the nucleus, thercby, may bc taken into account (according to E.

Je Williams) by introducing a cut-off anglc emax' The higher mo-
ments in this case, of coursc, are grcater than in casc 4 ('(94>hv

by 18% and < gy BV U5%, according to Green and Messcl). - But it
1s obvious that the higher moments in this casc depend very sensitly
upon the cheice of the cut-off Opaxe On the other hand, E. Je Wil-
liams' cxpression for 8p,ymcrely rcprescnts an cstimation of the or-
der of magnitudc and the cut-off proccdurc as a wholc, of coursc, is
somewhat rough, (By a morc rigorous trcatment the greatest scattering
angles would not te centirely supprcssed but only rcduced in frequency
by a factor Z"l sinec in this rcgion the protens of the nuclecus scat-
ter individually.) Thc cxact numerical valucs of the higher moments
in this case also, arc thercforc physically mcaninglesse Morcover,
the influence of the finite size of thc nuclcus is practically negli-
gitle in shower theory (cfe below)e Finally, it may be stated that
the way of calculating the distribution functions by mcans of thc mo-
ments, as proposed by Green and Messel, scems not very suitatble be-
cause a very large number of momcnts (strictly speaking, 21l of them),
would be nceded if cne wished to obtain some accuracy in the intcrcst-
Ing region of small and medium arguments.,

C. Singlc scattcring is taken into account ncglecting
the influence of the finite size of the nuclei: In shower thcory
single scattcring altcgcther is of little importancc. This has been
pointed out by Nishimura and Kamata b who have shown that thc main
contribution to strongly deflected clectrons (iece, thosc found at
grcat © and r), is duc to multiplc scattering cf clectrons slowed
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down by icnization loss rathcr than to singlc scattcring, Great sin-
glc scattering angles, in gencral, arc rarc cvcntse The modificetion
of the frequcney of very grcat single scattering angles by the finite
size of the nuclcus, thereforc, is of still lecss importancce (As an
illustration, it may be cstimated that the influcncec of the finite
size of thc nucleus on the distribution function f(E,8) is not appre-
ciable up to angles of about scven times thc roct-mean-squarc angle
of multiple scattering.) - It may te notcd, furthcr, that in case C
and also in the above mentioned rigorous trcatment of casec B, all the
moments turn out to be infinite in the usual small-angle-approximations
This illustrates thc irrelevance of thc moments proposed by G 'een and
Messcl which entirely depend con the cut-off,

Case C was used in the present author's theory 3, the proced-
ure being the following: Starting with casc A the Fouricr-transforms
of the distribution functions wecre calculatcd numcrically with grcat
accuracy. The moments valid in casc A play the role of thc coeffi-
cients of the power serics of the Fouricr-transforms and were duly
used In this calculation. As a next step, for convenicncc in perform-
ing the Fourier-transformation, the cxact Fourier-transforms wcre
approximated by analytical expression in such a way that streas was
laid upon a good representation at grcat and medium arguments of the
Fourler-transforms. In this way great accuracy was rcached at small
and medium arguments ® and r of the distribution functions resulting
from the Fcurler-transformation, whercas errors were admitted in the
region of great 6 and r wherc the distribution functions due to mul-
tiple scattering are practically fallen off to zero, thesc errors also
influencing thc higher momentse The criticism expresscd in literature
in this connection (Blatt 5, Eyges 6) is insignificant beccausc in this
domain of great arguments thc distribution function is solecly duc to
single scattering. The influcnee of the latter was determined in a
final step of the theory, as follows: The resulting distribtution func-
tions of case A were decomposed into Gauss-functions ("Gauss-transfor-
mation"), each Gauss-function belonging to electrons of a certain "en-
ergetic history", characterized by a certain parameter, These Gauss-
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functions, then, were replaced by the more exact functions which con-
tain the "single-scattering-tail". Finally, bty the inverse Gauss-
transformation, the distribution functions of shower theory duly con-
taining the effect of single scattering were obtained,

2) Another point of Green's and Messel's criticism concerns
the neglect of the variation of the atmospheric density in all pre-
vious theories, The influence of this variation of density is closely
connected with the path length which is needed for equilibrium in the
distribution in © and r. As to this question, Green and Messel have
given an example: They have calculated (ra} oy a5 a function of
depth in a homogeneous layer of matter in the case of a primary (inte-
gral) power spectrum of exponent 1.5, From the figures given by them
the conclusion may be drawn that in the case of a power 1.5 a path
length of atout 12 to 14 radiation lengths is needed for equilibrium
in the radial distribution. Roughly, this means that the radial devi-
ations of the electrons in the depth of observation have their origin
mainly at a depth smaller by 6 to 7 radiation lengths. For showers
observed at sea level, therefore, the inhomogeneousness of the atmos-
phere can be roughly accounted for by using a value of the radiation
length which is greater by 25 to 30 %. For a power law with exponent
1, - ises, for air showers near the maximum, the situation is still
better: It may be estimated that in this case 6 to 8 radiation
lengths are sufficient to rcach equilibrium which means that a layer
higher by 3 to L radiation lengths is responsible for the radial dis-
tributions The radiation length, therefore, has to be increcased by
15 to 20 %Z for obscrvation at sea level and by 30 to L0 % for 5000 m.

4 more exact computation of this correction wiz,.
an improved theory taking into account the veriation of density, would
be usefule. But the asscrtion of Green and lMessel that the neglect of
the effect of density variation would introducc errors as large as
5000 % (1) can not bec understoods Presumably this large error weuld
concern the higher moments and so is of no intereste.

3) In a further point dn their criticism Green and Messel lay
blame that previous authors either consider only the maximum of showers
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or integrate over all dcpths., However, both the maximum and the in-
tcgration over all depths are suitakle starting points. Besides, Green
and Messel scem to overlook the fact that in thc mcantime, Nishimura
and Kamata, l.c., cxtended the theory to a shower age of l.5 .

The points li and 5 cnumerated by the authors Green and Messel
nced no comentary, - The further criticism cxpressed by Green and
Messel in the text of thelr paper, claiming that ionization loss has
not been duly treated by previous authors, is also made out of date by
the work of Nishimura and Kamata, which scems to be unknown to them,

Finally it may be noted that the lateral spread of the elec-
tronic component of large ailr showers is only slightly modifled by
the contribution of the nuclecon-meson component, This contribution
is practically restricted to small distances from the center and con-
sists in the formation of plural corcs at soparations of the order of

some tens of centimeters from each other.7.
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