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TABLE I. Mass of air contained in a column of unit cross section from outside the earth's atmosphere to a specific station within
the atmosphere z kilometers above the surface along a path of zenith angle $.
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where p(y) is the density at each altitude y along the given path as
seen in Fig. 1.R, the radius of the earth was taken to be 6368 km.
In this calculation the upper limit of integration was 220 km, the
last altitude for which Havens quoted a density. For ((75',
relatively no error is involved in assuming a Qat earth such that

3E(z, ()= sec(M(z, 0').

At &=85' this method gives about an 11 percent error. Table I
gives mass in grams per meter squared for various stations above
the earth for several zenith angles —including the value of g for
which the path is tangent to the earth. In all the large angle cases,
and especially for the maximum angle cases, the path traverses
latitudes and longitudes quite far away from White Sands, where
presumably different atmospheric conditions prevail. The effect
on M(z, &), however, should be within the accuracies quoted,
these being based upon the accuracy claimed by Havens. Figure 2
shows, for a station at z kilometers altitude, the ratio of mass at
various zenith angles to vertical mass.

Computation error up to 100 km is estimated to be not greater
than 2 percent. In his density data, Havens claims an error of less
than 5 percent up to 40 km and less than 10 percent up to 70 km.
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FIG. 2. Air mass ratio. $ =zenith angle; z =altitude of observation point
above the surface of the earth; M(z, $) =mass of air in direction $ between
the observation point and outer space in a column of unit cross section;
M(z, 0) =mass of air vertically above observation point.

90 km. This factor would be reQected in the total air mass begin-
ning gradually at stations somewhat below 50—60 km.

The mass 3II(z, g) of a column of unit cross section of air in a
given direction ( degrees from the zenith above a station z kilo-
meters above the surface of the earth is

Values above 80 km are based on fewer measurements. A check
was made using data on pressures, densities, and temperatures in
the upper atmosphere by the Rocket Panel. 4 In general the air
mass obtained from that atmosphere is slightly lower than that
obtained here, but the difference is well within the limit of error
stated above.

1 Havens, Koll, and LaGow, J. Geophys. Research 57, 59 (1952).
2 R. J. Havens, and O. Berg, Trans. Am. Geophys. Union 316 (1952).
s Fred L. &hippie, Bull. Am. Meterol. Soc. 33, 13 (1952).
4 The Rocket Panel, Phys. Rev. 88, 1027 (1952).
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A LETTER on the above subject by French and Goldberger'
which has recently appeared in the Physicu/ Review was

apparently written without the authors' knowledge of the ex-
istence of a letter on the same subject by one of us' a year earlier.
As a result, there is one difference in the conclusions of the two
articles which arises from the invalidity of one of their approxima-
tions in some cases. In particular, French and Goldberger conclude
that there should be simple Rutherford scattering by n =Ze'/tv»1,
whereas in Ramsey's~ earlier paper a small departure is predicted.

This discrepancy arises from the approximations used by French
and Goldberger being just such as to conceal the non-Rutherford
scattering which arises from the distortion of the deuteron by the
electric field, i.e., from the polarizability of the deuteron. Their
conclusion about the Rutherford nature of the scattering for n))1
is based on an analysis of their Eq. (4) which is only an approxima-
tion to their earlier Eq. {3).The exact wave function of the
deuteron in the process of the. scattering is replaced by a wave
function whose dependence on the deuteron's internal coordi-
nates is just that of the ground state of the deuteron in the absence
of any strong electric field. Then, because of the spherical sym-
rnetry of the latter state, it is argued that the average value of
I I/~ R——,'s~ —1/R)=0 except for R~& —,'s and that this high pene-
tration of the deuteron is improbable for large n.

However, the use of the ground-state wave function for the
deuteron is only approximately valid in the presence of the strong
electric field of the scattering nucleus, and higher deuteron states
must be included. The admixture of the higher states corresponds
to a distortion or polarization of the deuteron by the electric field
of the scattering nucleus. When these terms are included, the
bracketed quantity above no longer equals zero when R &-',s and
the disagreement with Ramsey's2 conclusions disappears. That
there should be considerable admixture of higher states is ap-
parent from the fact that the electric field at the deuteron multi-
plied by the product of the deuterons charge and diameter is
comparable to the binding energy of the deuteron.
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Experiments with n» 1 have the advantage~ that then the cir-
cumstances can sometimes be such that the Coulomb barrier
prevents appreciable overlap of the nuclei and all departures
from the Rutherford scattering law must be attributed to the dis-
tortion of the deuteron by the electric field in scattering. On the
other hand, under the conditions of the French and Goldberger'
theory, the calculated departure from Rutherford scattering due to
the deuteron structure occurs along with a large and unknown
departure due to nuclear forces; the separation of the two effects
experimentally would be very difFicult. The importance of direct
nuclear interaction is apparent from the fact that in their ex-
ample of 14-Mev deuterons on aluminum the classical distance of
closest approach of these nuclei considered as point charges is
1.34X10 " cm which is much less than the radius of either the
deuterium or the aluminum nucleus, so that large effects from
nuclear forces should occur.

We have calculated the polarizability of the deuteron quantum
mechanically, and we have interpreted the polarizability scatter-
ing by a classical approximation. The validity of the calculations
are limited by the assumptions that the Coulomb field is adiabati-
cally applied and that n»1. In so far as these assumptions hold
for the scattering of 8-Mev deuterons on bismuth, we find ap-
proximately a 3 percent departure from Rutherford scattering in
the backward direction.

+ This work was partially supported by the joint program of the U. S.
Office of Naval Research and the U. S. Atomic Energy Commission.' J. B. French and M. L-. Goldberger, Phys. Rev. 87, 899 (1952).

2 N. F. Ramsey, Phys. Rev. 83, 659 (1951).
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LAU and Salant' have reported evidence for a type of event
observed in photographic plates, which they called a T-track

and tentatively interpreted as the break-up of a heavy particle at,
or near, the end of its range into two fast, singly charged particles.
Their evidence is based on the fact that T-tracks appeared to be
more frequent than could be explained by the chance passing of a
light track by the end of a black track.

In the last month we have scanned 112 cm' of 400 p, 6-5 emul-
sion that was exposed vertically for about 10 hours at 90000 ft
and geomagnetic latitude of 41'N.

To find T-tracks, all stars with three or more prongs and with at
least one prong longer than 100 p were analyzed, and all the prongs
ending in the emulsion were examined for minimum ionizing
tracks passing at distances up to 5 ps. The minimum ionizing tracks
were required not to scatter appreciably within 500 p, this condi-
tion eliminates electrons of energy smaller than about 20 Mev.

A total number of 2191 stars were found, with 4246 prongs end-
ing in the emulsion; of these, 335 had minimum ionizing tracks
within 5 p, , subdivided as shown in Table I.

To determine the expected number of chance coincidences be-
tween the endings of the heavy tracks and tracks of minimum
ionization, we have measured the number of minimum ionizing
tracks crossing unit surfaces of developed emulsion, E„ in the
vertical planes and Xy, in the horizontal planes containing the
shrunken coordinate.

It was found that kg —E',=1.0X10 'y~, which indicates an
isotropic distribution of the rninirnum ionizing tracks. It follows
that the expected number of chance T-tracks within a distance r is

n, h ——2m &&0.86)&XI,)&r2)&No. of track endings observed.

The factor 0.86 arises from taking into account that the emulsion
has shrunk, after development, by a factor of about 2.5, so the
sphere of developed emulsion was originally a prolate ellipsoid.

The estimated backgrounds are given in the lowest row of
Table I. It seems that the observed number of T-tracks within
1 p is well accounted for by chance coincidences.

TAsLE I. Observed and expected track distributions.

Distances within which the
minimum ionizing particles

were found, in p,

No. of observed cases
Expected chance coincidences

0—1 1—2 2—3 3—4 4—5

19 ' 47 86 87 96
22 66 110 156 198
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Fast Neutron Bombardment
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& HE progressive anisotropic expansion of a-quartz irradiated
with increasing dosages of fast neutron flux has been ob-

served and measured by x-ray and density methods of analysis.
Bombardment produced by a neutron source that gave a total
integrated neutron flux of 6.6X10"evt resulted in a density change
of (Ap/p) X100=3.S+0.1 as measured by the hydrostatic weigh-
ing method. The density change measured by the x-ray method
gave {Apjp) X100=4.8+1,S. The crystal temperature was ap-
proximately 100'C during irradiation.

X-ray diffraction data taken from Debye-Scherrer, Laue, and
precession photographs show that the expanded lattice belongs to
the trigonal system. In addition, it appears likely that this lattice
has the same space group, D34 or D3', as the nonirradiated
crystal. The expanded lattice constants are a0=5.01&0.01A and
co= 5.41+0.02A, as compared with the nonirradiated quartz
a0=4.903A and co= 5.393A.

The fact that the number of expected chance coincidences is
higher than the observed coincidences at the larger distances is
thought to be the result of a decrease in the efficiency of the scanner
when looking at regions not very close to the end of the heavy
track.

We did not try to subdivide further the 19 cases classified within
1 p, as we felt very uncertain in determining the distances when
they were smaller than this limit. One reason for this is that many
of the minimum ionizing tracks are steep, and the distance from
the end of the heavy track can be estimated by utilizing only a
few of their grains. These are not enough to determine the trajec-
tory of the fast particle within much less than 1 p, as the grains
may be displaced from the true trajectory by distances of the order
of the dimension of a grain, i.e, , by several tenths of a micron.
Another reason is that. it is often dificult to tell whether a grain is
the last grain of the heavy track or a grain belonging to the light
track. Finally, depths of field much less than the wavelength of
the light (0.5 p) cannot be realized, and this puts a limit on the
precision of the depth measurements.

If we try to select among the 19 close cases the one which appear
as "perfect T-tracks, "three give unmeasurable distances. The value
of r which corresponds to three chance coincidences is 0.37 p, , in
reasonable agreement with the resolving power of the microscope.

We are thus led to the conclusion that, in order to explain the
occurrence of the T-tracks observed in our plates, it is not neces-
to postulate the existence of any special particle. 2

We wish to thank the Aero-Medical Field Laboratory, Holloman
Air Force Base, New Mexico, for conducting the balloon flight
and J. de Vesty, C. Lipetz, S. Perry, and C. Sienko for helping
us scan the plates.

+ H.T.I. Fellow.
i M. Blau and E. O. Salant, Phys. Rev. 88, 945 (1952); we are grateful

to Dr. Blau and Dr. Salant for communicating to us their results before
publication.

2 In a private communication, Dr. Salant has stated to us that the num-
ber of T-tracks they observe within 1 p is four. times the calculated random
background. Since in our plates the background of light particles is larger
by about a factor four than that quoted by Blau and Salant, the detection of
T-particles would be more difFicult in our case.


