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Measurements with counter grrangements were made in Peru(L500mt.
altitude) and in S3o Paulo(700mt. altitude).

The principal problems investigated weres

a) the density spectrum of atmospheric showerss

b) the percentage of penetrating particles present in the showers,
in several density regilonsj

¢) altitude effect.

The master arrangement cosisted cf four trays of countefs loca-
ted along the sides of a square and shielded by 20 cme. Pbe.

The length of the sides of the square was 1.6 nt.

Pourfold coincidences among these trays were the master counting
rate,

The resolving power of the coincidence set was 5 microsecondse

Fivefold coincidences Cg’ and C5 between the master arrangement
and additional trays, one shielded by 20 c¢me. Pb and the other
unshielded, located in the center of wquare, were also registered.

We shall first briefly describe what methods were
usede. .
The counting rate ch of non-sereened trays of coune
ter in coincidence can be written as
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where S 1s the area of each tray, g is the density and
F( 0 ) a5 1s the mumber of incident showers with density
between 0 and &+ d§ :

The coincidence counting rate CE of I trays, each of area
sHl shielded by 20 cm of lead will be
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If a surface Sy is found by trial such that cﬁ ( 5y )=c), (8)

we shall have SH Sy -XS and therefore bm i g

The ratio EL— y Which we call K, is the ﬁ;.)ercentgge of penetra-
ting particles present¢ in the showers. This we shall ecall
bre@fly method of equal counting rates. This method was employ-
ed by Ise e Fretter (1) who worked at 3000 me and by us in this
work. They found 2,5% and we found 2% at both altitudes inveg
tigateds These results are in agreement if we take into account ,
statistical errors and differences in the geometry of the experi~
mental arrangemente The hypothesis that the densit a; spectrum :
F( O ) is described by a power law of the type 0 . has been al-
ready checked, for electron showers by Cocconi et al( 2) s Ise and
Fretter (1) and by ourselves in this work. The method used for
this check is to vary simultaneously the areas of all counter
trayse.

The value of U we obtained for penetrating showers by this
method was 1.).;6 ~ 0,03 in Morococha and 1.50 ¥ 0411 in SePauloe
Fretter found at 3000 m. le6 but his arrangement was geometrical-
ly somewhat different.

A second method of determining k is to have an
extra tray of counters not sereened in coincidence whith the
screened master, The ratio and ' ) allowg us to cal-

culate k in the hypothesis that k does not depend on the denw
sity of the showers. We shall call this method for brevity the
fifth counter methods. This method has the utility of showing
whether penetrating atmospheric showers exist with much greater
k than 2%, This second method was employed by us in the expe-
riment now reported. MeCusker and Hillar(?’ used recently a si-
milar arrangement but the analysis was made by then on a somewhat
different basiss 4 third method, similar to the one just des-



eribed, but which depends less on the form of the density spec=~
trum, 1s to measure also the five-fold colneldences Cg between
the master and a screened eXtra tray. The comparison of Cg and
05 allows us to calculate Ke This method, which we employed si
multaneously with the method of the fifth counter confirmed its
resultse. Cur measurements in different density regions did
not show any afrebiabpe variation in the percentage of penetra-
ting particles. This percentage was found to be ( 3.6 s Oyl )
in S, Paulo and ( 2,05 = 0,14) % in Peru.

We call the attention to the faect that at low al=
titude (S,Paulo) there is a difference outside statistical ere
rors between the values obtained by the methods of equal counte
ing rates and of the fifth counter,

At mountains altutude, Morococha, no such differepn
ce is founde ‘

This indicates that at low altitude, one of the hy-
pothesis needed for the application of the methods given above to
penetrating showers,'namely the constaney of K, is not valids f
In order to explain the discrepancy one has to suppose that besl
des the showers having K= 2% there is at low altitude, a cer=-
tain number of penetrating showers with very few electrons. This
conclusion is in agreement whith the results obtained by MeCusker .
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and Hillar(3) on somewhat different grounds. e |

These extra showers present at low altitude, aauld‘%'
be, as suggested by MeCusker and Millar, tailf ends of normal ex
tensive showers, having the electrons been absorbed during the
development of the showers in the atmosphere.

We want to notice that from the registered density
of electrons, which varied from 1000 to 6000 part,uyfa one can
estimate roughly that the mean energy of the showers was very
greaty, of the order of 1012 8eVe :

Another result of the experiments is that the ap-
parent mean range obtained from the altitude variatlon of the
penetrating showers, is 103,1#2,0 gre em™Z, A
But the real mean range must be much less, perhaps of the order
of the geometrical one, becuse the showers must be produced at

high altitude above the arrangement,
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