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MANY studies!~1 have been carried out on the proton component of cosmic rays at sea level for mo-
menta greater than 0.5 — 0.6 Bev/c. The proton component of the soft radiation has been investigated at
sea level only by Filthuth, who considered momenta in the interval 0.2 — 0.9 Bev/c. For momenta
greater than 0.6 Bev/c, his results differ from those of many other authors by factors of 1.5 — 2. As has
been pointed out by Ogilvie,10 this indicates a systematic error in Filthuth’s measurements. One can sup-
pose, furthermore, that his results are not reliable in the low momentum range which has not been inves-
tigated by others.

Up to the present time, the lack of adequate and reliable data on the soft proton component of cosmic
rays at sea level has been the main obstacle to finding the position of the maximum in the spectrum, and
to obtaining the total intensity of the vertical proton current at sea level. The purpose of the work now
being reported is to fill in this gap.

The experimental method has been described in detail previously.!? The measurements lasted 2458
hours. The absolute value of the vertical proton cur-
rent was measured relative to those particles of the

Momentum interval

0.31—0.38 0.38—0.44 | 0.44—0.48 | 0.48—0.55

Bev/c hard component which had ranges greater than 15 cm.
. ) Pb. The current of the latter was taken to be 0.785
Loy aoct sterade | 11:5F1-6 [14.51.817.841.6/18.441.5 x 1072 cm 2 sec™! sterad™, in accordance with the

value adopted earlier.

The results of our measurements in various pro-
ton momentum ranges from 0.31 to 0.55 Bev/c are
shown in the table to the left. These results are
plotted in the figure, together with the results ob-
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Proton spectrum at sea level. A — from
Ref, 12; - - - from Refs, 4 and 13; ® —
data from the present measurements.

tained previously!? for momenta from 0.5 to 1.04
Bev/c. It is clear that neighboring points from the
present and from the previous sets of data fit together
well. The dotted curve is (1.0 x 10~7)p~2%, and rep-
resents the results of other authors®® in the momen-
tum region p > 1 Bev/c, which we have not investi-
gated. The figure shows that near 0.9 Bev/c, our data
agree well with this curve.

For momenta between 0.3 and 0.6 Bev/c, Filthuth’s
data!4 are 1.5 — 2 times smaller than ours. As men-
tioned above, a similar discrepancy between Filthuth’s
data and the data of other authors exists for larger
momenta. Our measurements thus support the sup-
position that there is a systematic error in Filthuth’s
measurements.

Integrating our spectrum between 0.37 and 1.04 Bev/c, we find that the total intensity of the vertical

proton current at sea level in this momentum interval is I; = (1,12 + 0,03) X 10-4cm

-2gec~1sterad=1,

We had used the same method and apparatus earlier!® to investigate the proton spectrum on Alagez moun-
tain 3250 m. above sea level. The intensity of the proton component in the same momentum interval was
then I, = (12.15 % 0.30) x 10~4cm ™2 sec ! sterad~1. From the ratio of the two, Ip/I; = (10.84 % 0.40), we
can calculate the mean absorption length, which had previously been obtained by various workers using
different methods. We obtain L = (143.5 + 6.1) g/cm?, which agrees well with the value L = (140 + 10)
g/cm? obtained by Mylroi and Wilson,! who measured the intensity of the proton component at three

heights.

In order to find the total vertical proton current at sea level, we extrapolate the curve shown in the
figure to the origin, and use the results of other authors*® for momenta greater than 1 Bev/c. We then
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find that the total intensity is I = (1.88 + 0.05) X 10"4cm ™ sec™!sterad™!, which is 2.4% of the number of
particles which will penetrate 15 cm Pb.

The maximum of the proton spectrum at sea level is at 0.5 — 0.6 Bev/c. The maximum in the proton
spectrum at 3250 m. above sea level is at about the same place.!® The shapes of the two spectra are the
same within experimental error, which is to be expected since for the momenta considered both are the
spectra of secondary particles. The shape of the spectrum and the position of the maximum agree well
with the theoretical spectrum for secondary protons as computed by Rossi.l®
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THE physical mechanism of cyclotron resonance in metals, for which a theory was formulated in Refs,
1 and 2 leads to the belief that a similar effect should occur in a compensated electron-ion plasma. Let
us recall that cyclotron resonance in metals occurs only in a direct magnetic field H parallel o the metal
surface* when an electron is repeatedly returned under the influence of the magnetic field at the necessary
phase to a skin layer whose thickness 6 is small compared with the radius of the electron orbit r in the
magnetic field. Naturally, a sufficiently large number of revolutions must be performed in the length of
the free path £ before resonance can be observed, i.e., £ > 27r. Otherwise, resonance is generally ab-
sent. Cyclotron resonance occurs when the external field frequency w is a multiple of the Larmor fre-
quency Q =eH/mc.

Let us consider the conditions under which resonance in plasma is possible (we neglect ion motion).
It is necessary for resonance that “anomalous skin effect” occur: !+2

* Cyclotron resonance was recently observed in tin and bismuth,?



