LETTERS TO

the radiation more strongly in northern latitudes than at
the equator.

Integration of the equation for mesotron decay gives
logna/n1=po(z2—21)/p7o where ny and #n; are the numbers
of mesotrons at depths z; and z; below the top of the
atmosphere. The term p, held constant in the integration,
must be interpreted as the “‘effective’” momentum between
the depths considered. An expression for p is.given by
Rossi and Hall.2 The ratio of the effective momenta for
the two latitudes is: pg/py=Ilog(ns/ni)n/log(ne/n1)z.
This ratio is independent of the values taken for the mass
or the lifetime of the mesotron. A method of separating
the penetrating component from the secondary component
is described in reference 1. It was found that under 19.4
cm Pb at northern latitudes about 80 percent of the
radiation at sea level, and 50 percent at 51 cm Hg was
due to the penetrating component. Since the absorption
curves are similar at both latitudes the same percentages
may be applied to the equatorial data. Using the data of
Table 111, reference 1, we obtain:

pr/pn=10g(0.74/1.62) /log(0.64/0.80) = 1.5.

For the energy ranges involved the momenta can be
considered proportional to the energies. The ratio of the
energies corresponding to these momenta is thus approxi-
mately 1.5. The ratio of the minimum energies required
for primary electrons at the vertical to break through the
earth’s magnetic field is Eg/En=4.5; for protons, 6.5.
The variation of energy of mesotrons which penetrate
the earth’s atmosphere between 51 and 76 cm Hg baro-
metric pressure and have residual ranges greater than
19.4 cm Pb is hence much less than the variation of the
lower cut-off of the energy spectrum of the primary
radiation which arrives at the earth.
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HE existence of dispersion of acoustic velocity with
frequency in gases and the accompanying anomalous
damping of high frequency acoustic waves have been
definitely established. A satisfactory theory has also been
worked out to explain these two phenomena in gases.

In the case of liquids, however, the anomalous damping
of ultrasonic waves of high frequency was the first to be
observed. A search has been made by a number of investi-
gators to find the accompanying dispersion of acoustic
velocity with frequency. So far, in the ultrasonic region at
any rate, the experimental results have been inconclusive
for the reason that the expected changes in the ultrasonic
velocity,a couple of meters per second, are of the same order
of magnitude as the errors due to changes in the tempera-
ture of the liquid during the course of the experiment.

Early in 1937' and subsequently in 19382 one of us
experimentally established the dispersion of acoustic ve-
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locity in liquids, carbon tetrachloride and acetone, in the
hypersonic region. It is now known that it is only at such
high frequencies that one should expect measurable
changes in the velocity of liquids, a fact subsequently
mentioned by Kneser,® Bergmann,* and others.

What appeared surprising at that time was the fact
that in the case of carbon tetrachloride the hypersonic
velocity was greater than the ultrasonic velocity, while
the reverse was the case in acetone. On a comparison with
similar phenomena in gases it is easy to understand the
result in the case of carbon tetrachloride. But until now
the case of acetone where the hypersonic velocity was less
than the ultrasonic velocity required explanation. Further
work® by interferometric examination of light scattered
by liquids in the manner already mentioned has shown
that a few other liquids behave similar to acetone in this
respect.

In looking for an explanation of the result, one has to
consider the effect of high frequency acoustic wave
propagation on the liquid medium. Usually the reason for
applying Laplace’s formula in preference to Newton's in
calculating the acoustic velocity in liquids and gases is
that the pressure changes in the medium are so rapid that
they are taken to be adiabatic. But a closer examination
will show, as envisaged by Herzfeld and Rice® and by
Condon,” that this assumption becomes less and less
justifiable as the acoustic wave-length approaches 1075 cm
for gases and 108 cm for liquids. In the case of any given

- fluid the pressure changes due to acoustic wave propagation

can be considered completely adiabatic over a range
starting from a minimum frequency up to a certain high
frequency. Above this, the acoustic velocity begins to
diminish due to the enhancement of heat conduction at
such high frequencies.

From the relation »=1%s/4rk where v is the acoustic
velocity, p the density, s the specific heat and % the
coefficient of thermal conductivity, one can calculate »
the frequency of acoustic waves, at which the departure
of the pressure changes in the medium due to acoustic
wave propagation from the adiabatic state is a maximum
and the corresponding velocity a minimum. But at
precisely what frequency of the acoustic wave the adiabatic
formula does not hold can at present only be determined
by experiment. From the work of one of us on the determi-
nation of acoustic velocity in the hypersonic region and
from the work of Richardson® on the acoustic velocity in
gases we get evidence for diminished velocity at a frequency
of 10° cycles per sec. for liquids and 10° for gases under
the conditions of the experiment.

This new point of view put forward to account for the
diminished acoustic velocity in liquids in the hypersonic
region, satisfactorily accounts for the results of Richardson
with CO; and N;O where he finds evidence for diminished
velocity at a frequency of 108 cycles per sec.
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