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An Attempt to Measure the Latitude Effect of Extensive Cosmic-Ray Showers
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Measurements of large cosmic-ray shower intensities have been made on the Pacific Ocean.
Because of the statistical fluctuations of the experimental results, no positive conclusions
regarding the latitude effect for these showers can be reached.

A UGER' and his collaborators have reported
the discovery of very extensive showers of

cosmic-ray particles. They have also estimated
the average density of the particles in these
showers and thus obtained a measure of the
energy of the primary particles responsible for
these events. This energy is of the order of 10"
ev for showers of 104 square meters in extent.
Clearly, if this interpretation of the phenomenon
is correct, the earth's magnetic field can exert no
e8ect on these primary particles, and no latitude
e8ect for such showers should be observed. In
an attempt to check this hypothesis, the latitude
eKect for large showers was measured on the
Pacific Ocean between Vancouver and Sydney.

The apparatus consisted of a triple-coincidence
Geiger counter unit. The counters were of the
"fast" type, about 3.7 cm in diameter and 15 cm
in length. They were assembled in three trays
with 32 counters in parallel in each group. The
pulses from the counters were fed into three-
stage amplifiers and were so shortened that the
resolving time of the apparatus was about 10 '
second. Hence the accidental triple coincidences
could be completely neglected.

The counters and amplifiers were set up in a
small tent on the boat deck of the S. S. Niagara.
At first, the tent was in a space near some of the
ship's superstructure. Iron ventilators were
within about 2 meters of the counters. Later, a
more open location was used and the counting
rate was found to decrease about 15 percent. For
the data shown below the counters were in this
second location. The three counter trays were
placed in a horizontal plane (Fig. 1), so that the
separation from center to center of the outside
trays was 106 cm. The minimum separation of
the extreme rays forming the shower could be
about 75 cm.

The results obtained are given in Table I.
To obtain a correction for the barometer, a

value of 2 percent per 0.1"was used. It should be
pointed out that the result will depend consider-

'Auger, Maze, Ehrenfest and Freon, J. de phys. et rad.
10, 39 (1939).
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FIG. 1. Arrangement of counter trays.
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No. CORR ~

CDUKTS MIN. RATE BARoMKTER DATA

23'N 1282 1092 1.173 1.192
19 1783 1513 1.179 1,179
13 2020 1679 1.203 1,184
6 1601 1420 1.128 1.106
0 16/8 1458 1.150 1.113

12'S 1667 1375 1.212 i.176
16 892 724 1.232 1.200
29 1011 907 1.113 1.108
34 1838 1534 1.198 1.208
38 1734 1576 1.101 1.130
41 4246 3436 1.234 1.232

29,98
29.90
29.82
25.80
29.74
29.75
29.77
29.88
29.94
30.03
29.89

ably on this correction because the barometer was
1ow in the region of the magnetic equator. Be-
cause Gf thc stRtlstlcR1 Auctuatlons ln thc dRtR
these hRvc been RnR1yzcd by dlvidlng thcITl into
two groups with those readings taken Rt latitudes
gl cRtcI' th.Rn 20 forInlng Gnc gl GUp Rnd those
taken at 1atitudes smaller than 20' the other
groUp. Thc Rvclagcs of thc corTcctcd 1Rtcs fof
these two groups Rrc:

At 1atitudes greater than 20'
1.190&0.012 counts/minute

At 1atitudcs smaHcr than 20'
1.158&0.011 counts jminute.

The meRn cI'loI'8 hRvc been computed frolT1 thc
totR1 number of coUnts ln the two cases.

The results seem to show a small latitude effect

TAaI.E I. Shower intense es g function of ygognetk Latitude. for these showers, but since the e8'ect is only
81ightly IargcI thRn thc statistical cIlols wc do
not feel that the expcnments estab1ish its exist-
ence with any certainty.

For the small showers emerging from R lead
plRtc Nchcr Rnd PlckcI'lng l.cpol t R latitude effect
on the Paci6c Ocean of about 6 percent.

If one considers the average area of the showers
IlMRSUI cd ln this expel llTlcnt Rs onc square meter,
Rnd thc pRrtlc1c dcnslty Rs 30 pcI square meter,
as given by Auger, then the number of particles
per shower is about 30. To produce such R

shower at sea level by the cascade process, the
primary energy would be of the order of 10"ev.
If, on the other hand, one considers that the
energy loss per partlde ln penetrating the at-
mosphere is 3&10' ev, the primary energy is
still about io» volts. Hence, even for showers of
this area, there shouM be no latitude cfkct.

Kc wish to express OUI gr'Rtcfu1 RpplcclRtlon
to the Carnegie Corporation of New York for
Inaking these experiments possib1e. Ke are also
indebted to the Canadian-Australasian Line, and
especially to the officers of the 5. S. ¹ago,ra for
the cooperation they rendered, even whi1e under
the stress imposed by the present internationa1
sit URtlon.

2 H. V. Neher and W. H. Pickering, Phys. Rev. 53, 111
(1938).
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The scattering of alpha-particles by carbon and oxygen
has been observed at large scattering angles, vrith solid
targets a,nd RaC' as a source. The results show resonances
in carbon at energies of 5.5„5.0 and 4,4 Mev and indicate
that the angular momentum quantum number of the
coIQpound nucleus 6 ls plobably 2 fol the highest level,

and greater than zero for the others. Taro resonances have
been observed in oxygen at energies of 6.5 and 5.5 Mev.
These indicate excited. states of Ne'o vrhose angular mo-
mentum is probably unity. These two levels correspond
very closely arith those found by Bonner in the disinte-
gration of fluorine by deuterons.

HE process of Rjpha-particle scattcllng by
carbon Rnd oxygen nuclei has some unusua1

~ This &ark has been carried out with the aid of scholar-
ships from the National Research Council of Canada.

f Now at the National Research Laboratories, Ottawa.
$ Now at the Radiation Laboratory, University of

California.

features which make it relatively Rmcnab1C to
theoretical treatment and favorab1e for cxperi-
mcnta1 lnvcstlgRtlon. These fcRturcs RI'lse from
the fact that the spins of a11 nuclei concerned
are zero and that at alpha-partic1e energies
below 8 Mev the competing processes of proton


