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URING a recent period of availability of the Massa-
chusetts Institute of Technology cyclotron magnet,

measurements were made of the ratio of the magnetic
moment of the deuteron to that of the proton in liquid

hydrogen and deuterium by means of nuclear-absorption
experiments with circuits similar to those previously used. '

The resonances were presented simultaneously on an
oscilloscope by means of an electronic switch. A sinusoidal

sweep was used, so that with proper adjustment the ob-
served patterns could be made symmetrical about the
center-line of the oscilloscope. The shapes of the two
resonance curves were rather different, and the most
prominent maxima of the deuterium resonance were of the
order of a half-line width from the hydrogen maxima when

the desired symmetry conditions were established. This
effect, though not understood in detail, is probably due to
the rate of sweep through resonance.

Eleven observations were made, of which three were

rejected because the photographs of the oscilloscope traces
were found to be unsymmetrical. Half of the remaining
eight observations were made with the Dewar containing
the resonance coils rotated through 180' so that the effects
of a field. gradient in the magnet could be eliminated. All

eight of these observations fell within the following limits:

pg)/p~ =0,307021+0.000005.
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N the course of an investigation of the activity induced
~ - in Sb by slow neutrons we noticed three previously
unobserved short periods. An analysis of the decay curves
obtained under various conditions of bombardment yields
the following half-life periods: 1.3 min, , 3.5 min. , and
21 min. Though a short bombardment brings out these
activities quite well relative to the long-lived known
Sb'" (2.8 d) and Sb"4 (60 d) activities, the saturation
intensities as detected with either an end-window Geiger
counter or an ionization chamber are only of the order of
a few tenths of one percent of those of the long-lived ac-
tivities. The new activities were observed with a number
of samples of Sb of different origin, including C. P. Sb203
and Hilger's spectroscopically pure Sb metal. We could
observe the activities with epicadmium neutrons as well

as thermal neutrons and were able to show that all three
activitie~ induced by epicadmium neutrons are strongly

l.7 Mev Y'

0.6 Mev V

FIG. 1.

I40 Kev

Sb+2

$.5 min.

122

p58 Mev v'

FIG. 2.

"self-absorbed" by Sb, which. makes it unlikely that they
are due to impurities. In addition, it was found that the
short periods along with 2.8-d Sb plated out on Fe from an
acid (HCl) solution of freshly bombarded Sb metal powder,
whereas Sn, added as a carrier and plated out on Zn after
the Sb was removed, proved inactive.

Using a sample of Sb enriched in Sb"' (96.3 percent
Sb'") we found that the 1.3- and 21-min. periods are due
to isomers of Sb"4 (60 d) and that the 3.5-min. period is
due to an isomer of Sb"' (2.8 d). Characteristic X n-radia-
tion of Sb was found to be associated with the 3.5-min.
period, but not with the 1.3- and 21-min. periods. The 3.5-
and 21-min. periods both show intense internal conversion
electrons with half-value thicknesses in Al of 1.7 mg/cm'
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and 0.2 mg/cm, respectively, indicating approximate
energies of 110 kev and 14 kev, respectively. It appears,
therefore, that the energy of the isomeric transition of
Sb"' (21 min. ) is unusually low and smaller than the X
work function of Sb (31 kev). If we assume that the 110-kev
electrons are E electrons and the 14-kev electrons I.
electrons, we obtain for the energy of the isomeric transi-
tion of Sb"' (3.5 min. ), approximately 140 kev and for
that of Sb"' (21 min. ) approximately 20 kev.

The 1.3-min. isomer decays with the emission of beta-
rays with an absorption coefficient in Al of 310 mg/cm",
corresponding to 3.2+0.2-Mev maximum energy. Softer
beta-rays, as well as gamma-rays, are also present. The
partial isotopic cross section for the formation of this isomer
by thermal neutrons is found to be ~0.03&(10 "cm'.

The decay schemes proposed for Sb" and Sb' are
shown in Figs. 1 and 2. The decay scheme of Sb"4 (60 d)
adopted here is that proposed by Meyerhof and Scharff-
Goldhaber. ' Our experiments so far do not decide the ques-
tion whether the 21-min. transition leads to the 60-d or
1.3-min. level. Besides internal conversion electrons the
21-min. period also shows a beta-transition which is being
studied further. The decay scheme for Sb'" (2.8 d) is
based on the work of Mitchell, Langer, and McDaniel, '
Miller and Curtiss, ' and Rail and Wilkinson. 4

On current theoretical views there would seem to be
two possibilities to account for the existence of two
metastable states in a nucleus of even mass number:
Either there is a spin difference of at least three units
between any two of the three states of Sb"4 (1.3 min. ,
21 min. , and 60 d), or one of the states has a spin ~~ 3 and
the other two have each a spin 0 and opposite parity.

Our thanks are due to Dr. Keim's group at Oak Ridge
for putting the isotopically enriched antimony sample at
our disposal.
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Relative Yields of (y, n) Reactions
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A NUMBER of elements throughout the periodic sys-
tern have been irradiated with x-rays generated by

the 100-Mev betatron at Schenectady. The amount of
product resulting from loss of a single neutron by one of the
target isotopes was determined by measurement of its
beta-activity, which was distinguished from that of other
beta-active isotopes by analysis of the decay curve. Irradia-
tions were made at 50-Mev and 100-Mev maximum x-ray
energies.

TABLE I. (y -n) yields relative to N14(y, n)N» yield as unity.

Parent isotope

0Cn
zN14
0Q10
9F19

tg, P91.
1zC1»
19+99
90Ni'"
99Cus'
91Ga09
91Gan
90Pd110
4zAg109
91Sb191
z9Re'sz

Relative yield at maximum
x-ray energy of

100 Mev 50 Mev

2.21
1.00
2.25
2.71
6.74
2.28
2.43
5.66

33.8
42.4
42.0
37.3
44.2
44.0
82.0

The cases studied were chosen so as to eliminate or
minimize the following possibilities: the product might
have resulted from x-ray induced reactions on other
isotopes present in the target material; an isotope of
nearly the same half-life as that of the product sought
might have been made; the quantitative result might be in
error because of the unknown decay scheme of the product.
Measurements were made which showed that (n, 2n)
reactions can account only for about one percent of the
yields observed in this work.

Irradiations were monitored by measurement of the
C" or F" activity induced in a standard piece of poly-
styrene or lithium fluoride which was bombarded together
with. each target. For product half-lives of less than one
hour polystyrene monitors were used; for all other half-
lives the monitors were lithium Quoride. All bombard-
ments and measurements were carried out in standard
geometries. Activities were calculated to saturation and
were corrected for self-absorption, for absorption in counter
windows, and for relative counter efficiencies. Yields were
calculated to correspond to one milligram-atom of parent
isotope in the target and, in the table below, they are
normalized to the yield of the reaction N'4(7, n)N", which
is arbitrarily taken as unity at each x-ray energy. It is
estimated that values in Table I are not in error by more
than approximately &15 percent.

The fact that the relative yields at 50 Mev and at
100 Mev are the same within experimental error suggests
either that the cross sections of all the reactions investi-
gated vary with energy in the same way or that the (y, n)
cross section is very small above 50 Mev. The latter con-
clusion is substantiated, by unpublished data of G. C.
Baldwin on the reactions C"(y, n)C" and Cu"(y, n)Cu".

Relative yields investigated fall roughly into three
groups. The light elements as far as Ni's have (p, n) yields
from 1 to 7. From Ni" to Cu6' there is an abrupt and
unexpected rise. Cases between Cu" and Sb"' have values
between 30 and 45. The only case studied above Sb"' is
Re'" with a yield of 82. Additional cases of the (y, n)
reaction are being studied; a similar investigation of (y, p)
reactions is in progress.
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These experiments were carried out with the assistance
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