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The Total Neutron Cross Section of
Dysprosium and Neodymium

WILLIAM J. STURM AND GEORGE P. ARNOLD
Avrgonne National Laboratory, Chicago, Illinois
March 19, 1947

TUDIES by Fermi and Marshall! of the order intensi-
ties of Bragg-reflected neutron beams for many sub-
stances show that the (111) plane of lithium fluoride is
particularly well suited for neutron monochromator work
since the reflectivity for high orders is relatively very small.
Their measurements show that the second order contributes
" only about 0.1 percent of the first order intensity, and the
third order about 4 percent for a neutron energy of ~0.04
ev. In addition, the first order reflectivity is greater than
that of the LiF(100) planes previously used®? for energy
dependent cross section measurements.
Such LiF (111) crystals have recently been used with the
crystal spectrometer at the Argonne National Laboratory.
Figure 1 shows the spectrum obtained from the heavy

water pile with the (111) crystals as compared with that

of the LiF(100) crystals formerly used. Neither of the
spectra has been corrected for the effect of varying resolu-

tion, which is to shift the maximum of the distribution to'

higher energy. The resolution of the (100) crystals is
slightly better, but the superiority of the reflectivity of
the (111) crystals is obvious. The decreased high order
reflectivity in the case of the LiF (111) crystals is evidenced
by the sharper intensity decrease in spectrum measure-
ments at large glancing angles for this crystal.

The cross sections of dysprosium and neodymium have
been examined briefly in the region of low neutron energies
with the new crystals. For dysprosium (Fig. 2)e4/E is
plotted against E; this would show a 1/v cross section as
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F1G. 2. Total cross section of dysprosium.
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F1G. 1, Neutron spectrum,
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F1G. 3. Total cross section of neodymium.

a horizontal line. In addition to the two resonance levels
at 1.74 and 5.5 ev, there is evidence of a level at negative
energy and of one at an energy higher than 20 ev. The
sample was a pressed pellet of Dy:Os of surface density
0.89 g/cm? No correction has been made for the small
oxygen scattering cross section or for resolution of the
instrument.

Neodymium was measured in the form of pressed pellets
of Nd;O; powder with surface densities between 5 and 18
g/cm?. It was necessary to subtract 6.2 X102 cm?/atom,
2 the atomic oxygen scattering cross section, in the calcula-
tion of the total cross section of the neodymijum atom. The
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results are shown in Fig. 3. A plot of o» (cross section
Xneutron velocity) against E shows a marked rise with
energy, indicating a large scattering cross section or a
strong resonance level at higher energy. The curve becomes
nearly horizontal if a constant value of 15X 1072 cm?/atom
is attributed to scattering, thus making the absorption
cross section at 0.025 ev about 92 X1072¢ cm?/atom. In the
present measurement, however, much significance -cannot
be attributed to the value of the scattering cross section
evaluated in this manner. Earlier measurements*® at a
single energy gave the absorption cross section for 2T
neutrons at about 75X1072¢ cm2/atom.

This document is based on work performed under Con-
tract No. W-31-109-eng-38 for the Manhattan Project at
the Argonne National Laboratory.
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Temperature of the Upper Atmosphere

S. L. SEATON
Little Silver, New Jersey
March 21, 1947

CCORDING to Appleton! the penetration frequency,

f, of a radio wave through an ionospheric layer at

normal incidence is related to the maximum electron den-
sity of the layer thus, for the ordinary ray

N=Ff2 (1)

Experimental values of f are determined through sys-
tematic observation at many places. From such experi-
mental determinations N is readily found, and hence
throughout the day dN/dt is available. From the well-
known relationship

dN/dt=g—aN? )

between time rate of change of ionization, rate of electron
production, ¢, and recombination coefficient, «, Appleton
has argued that at night @ may be found at once, since
¢=0. He has also suggested that across sunrise or sunset
times, for equal values of N, both ¢ and « may be deter-
mined on assumption of equal values of «. Such evalua-
tions have been carried out by Mohler? and by Appleton!
over limited time intervals. Furthermore, Appleton® has
proposed that for times equally spaced either side of noon,
g and « at these times may be considered approximately
equal, and hence ¢ and a may be found in the daytime.
In extending the earlier calculations I have gvaluated ¢
and « throughout the 24 hours for three typical latitudes
during an equinoctial interval at sunspot minimum. The
variations in « were quite interesting, and it appeared
possible to get at the absolute temperature in the upper
atmosphere by means of these values and use of J. J.
Thompson’st relationship involving the recombination co-
efficient and absolute temperature at low pressures, i.e.,

a=ay(To/T)3. 3)

Reference values of ay and T were decided upon after
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Fi1G. 1. Calculated relation between temperature and ionospheric
height. The vertical line at 230°K represents the assumed night tem-
perature, according to Vegard and Tonsberg.

examination of the work of Vegard and Ténsberg® who
evaluated T at’about 230°K on the basis of studies of
auroral spectra at Tromsg, Norway. This value for T, was
used with the night value of « set equal to ao for each
location. The assumption was made that To=230°K every-
where above 100 km in the early morning hours.

Noon values of T were found for Huancayo, Peru (12°
S.Lat.), Watheroo, Western Australia .(30° S.Lat.), and
College, Alaska (64° N.Lat.), from CRPL published data®
of ffor these locations and the foregoing argument.

From Fig. 1 it appears that at E-layer heights of 100 km,
high temperatures are to be expected, and that Fi- and
Fy-layers (around 200 km and 350 km, respectively) may
be at considerably lower temperatures. Apparently there
is a remarkable variation in temperature in these regions
of the atmosphere from night to day.

The Watheroo, Western Australia, temperatures in the
Fi-layer go through a reversal in trend around 10230™ and
again around 13230™ local mean time and so an additional
calculation at these times has been made and indicated in
the central group of the figure by a dotted line. Other
detailed fluctuations in temperature around sunrise and
sunset were found.
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Erratum: On the Disintegration of
Negative Mesons
[Phys. Rev. 71, 209 (1947)]

M. Conversi, E. PanciNi, AND O. Picciont
Centro di Fisica, Nucleare del C. N. R. Istituto di

Fisica dell’ Universitd di Roma, Italia
N the letter to the Editor with the above title, Fig. 1,
the block diagram of the registering set, shows the
“delay’’ in a wrong place, that is between counters “‘C”’ and
“coincidences III.” Actually the “delay” must be under-
stood to be between counters “4” and “coincidences ITI"”
and between counters “B’ and “coincidences III.”” No
delay is inserted between counters ‘‘C” and ‘“‘coincidences
II1.” For more details, see M. Conversi and O, Piccioni,
Phys. Rev. 70, 859 (1946).



