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The analogous excitation curves for the A@109(a, ri)In"' and
Ag"'(a, 2n)Innt reactions are shown in Fig. 1 of the letter
following. For Rh'" as for Ag"' the sum of the (n, n) and
(a, 2n) cross sections in Fig. 1 follows rather closely the
theoretical curve for a, given by the figures in Weisskopf's
lecture in the Los Alamos (24) report, ' for both the
R h103(~ 2n)Ag105 and the Ag109(~ 2n)Inlll react1ons

Figure 2 shows the experimental values for 0.
, 2„/

(0, „+sr,2„) plotted against @=he/kT. As is seen, good
agreement with formula (1) can be obtained by assuming
for the nuclear temperature the reasonable value kT=1.8
Mev.
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1
e R =1.3 ~ 10»A cm has been assumed. In order to obtain an experi-

mental value for the effective nuclear radius, a determination of the
absolute cross sections will be made.
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I» II'. 2. Relative probabilities of the Ag»e(OI, 2n)In'«
and Rh«e(cx, 2n)Ag«' reactions
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equal to the upper limit of the neutron spectrum, and
~~ =a ~, n+ a.~, 2„ is the cross section for the formation of
the compound nucleus. In order to test the validity of (1),
ere have, in continuation of experiments started in 1940
by K. Lark-Horovitz in collaboration with J. R. Risser and
R. N. Smith, ' measured excitation curves for the radio-
active products of the {u„n)and (a, 2n) reactions, induced
by bombardment of stacked Ag and. Rh foils with n-
particles from the Purdue Cyclotron.

The Rh'"(a, n)Ag' reaction leads to the well-known
isotope Ag"' either in its ground state or in its isomeric
metastable state, which decays by p+ emission with a, half-
life of 25 minutes, or by E-capture with a half-life of 8.2
days, respectively. The Rh' '(a, 2n) reaction leads to the
silver isotope Ag'", to which heretofore a period of 45 days
has been assigned only tentatively. 4 Bombardment of Rh
with n-particles produced these three activities of 25 min. ,
8.2 days, and 45 days, and the excitation curves for them
are reproduced in Fig. 1. It is clear that the 45-day period
is the product of the Rh'"(n, 2n)Ag'" reaction, the thresh-
old being 16.2+0.5 Mev; hence this period must be assigned
definitely to the mass number 105.

The ratio of the cross sections for the excitation of the
two isomeric states of Ag" was determined by comparing
the saturation gamma-activities of the 25-min. (annihila-
tion radiation) and the 8.2-day (nuclear cascade p-rays' )
periods. Then the ratio of the (a, 2n) to the (a, n) cross
section was determined by comparing the saturation x-ray
intensities of the 45-day Ag' and the 8.2-day Ag . The
rapid rise of the (a, 2n) cross section above 16 Mev at the
expense of the (n, n) cross section is c&qyrly peen fronx Fig,. ~.

EXCITATION CURVES FOR THE Ag P&,r))
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F1G. 1. Excitation curves for the Ag«e(a, n)
and Ag«'(n, 2n) reactions,

&HE irradiation of silver with 15—20-Mev alpha-
particles produces the following four periods, all of

which have been chemically identified as belonging to in-

dium isotopes: 23 min. , 66 min. 6.5 hr. , and 2.7 days. Since
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grows from the 23-min. activity. ' Figure 2 shows the decay
curve of the positrons from a sample produced by the
In (~, 2~)In reaction with (Lj+10 Mev DI ) neutrons.

The deviation of the growth curve from the asymptotic
23-min. period during the time immediately following
bombardment depends on the relative probabilities of exci-
tation of the isomeric states by the nuclear reaction in-
volved. It is largest for samples produced by (p, n)' and
(n, 2n) reactions, smaller for those from the Ag"'(cx, n) re-
action, and not noticeable for those from the Cdin(d, n)In'"
reaction.

The In'" isomeric transition belongs in the l=4 group.
Both the P and the p+ transitions from the ground state to
the even, even-nuclei Sn"g and Cd"2 are allowed; the spin
quantum number of the lower level is hence 0 or 1.
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periods of 16.5 &2 min. and 17.5&2 min. for the In»' isomers in order
to obtain the best fit. The growth curve can be reproduced, over a con-
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is 23 min.
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FIG. 2. Bombardment of indium with fast neutrons.

its excitation curve is almost identical with that of the
66-min. In"' produced by the Ag"'(n, n)In"' reaction, the
23-min. period must be assigned to mass number 112 as the
product of the Ag" (a, n)In" reaction. Further proof of
this assignment is the fact that the 23-min. isotope decays
chiefly by negative electron emission to a Sn isotope; the
stable Sn isotope of lowest mass number is Sn'".

It is seen from its excitation curve (Fig. 1) that the 2.7-
day period is the product of an (a, 2n) reaction with a
threshold of 15.5&0.5 Mev and must be assigned to In"'.
Lawson and Cork' produced a weak 2 ~ 7-day activity with
fast (Li+d) neutrons and assigned this period of In'" as
the product of an (n, 2n) reaction. From our result we
must conclude that this activity was the product of the
InII3(n, 3n) reaction. The 2.7-day In"I decays by electron
capture to an excited state of Cd'", which goes into the
ground state by successive emission of two gamma-
quanta. g 3

The 23-min. period of In'" is followed by negative and
positive electrons, both In and Cd x-rays, and the con-
version electrons of a highly converted 0.16-Mev &-radia-
tion. While the Cd X-radiation accompanies the E-capture
of In"', the emission of In E-radiation can only be due to
internal E-conversion of the 0.16-Mev p-ray. This con-
verted p-ray hence is emitted in the transition between two
isomeric states of In"2. Since both the conversion electrons
and the In X-x-rays follow the 23-min. period from the
beginning, this period is the half-life of the upper, metas-
table level of In'". The decay curve for the negative and
positive electrons follows the 23-min. period only after a
certain time; this curve, first recognized by R. N. Smith, 4

as such, is a growth curve, showing that a. 9-min. activity
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BARIUM titanate is a ferro-electric material' ' or di-
~ & electric with a non-linear constant. The microcrystal-
line material has been reported to have a phase transition'
from the tetragonal form (a=3.986 kX, c=4.026 kX for
20'C to the cubic form (a =4.004 for 200'C) at 120'C' by
the x-ray heating camera. A discontinuity in the electrical
properties of the material has also been noted at this
temperature. ' '

These characteristics have now been confirmed by direct
microscopic observation of synthetic crystals in polarized
light.

Plate-like macrocrystals of barium titanate, grown by
the method of Matthias, 6 are optically anisotropic when
examined between crossed Nichols with moderate illumi-

nation by a tungsten lamp source. Increase in intensity of
illumination causes a striking change in the crystal to the
isotropic phase. This change is readily observed as the
interference colors and patterns give way to a homogene-

ously grey color which does not vary with rotation of the
crystal in the polarized light. The transformation is rapid
and reversible, originating at the point of most concen-
trated illumination, and rapidly spreading towards the
periphery of the crystal.


