
~HE 184-inch Berkeley frequency-modulated cyclotron
produces deuterons, helium ions, and neutrons of

energies up to 200, 400, and 100 Mev, respectively.
Nuclear fission in elements covering the range of atomic
numbers 83 (bismuth) to 73 (tantalum) has been observed
with one or more of the above projectiles. Fission, was
dctcrD1ined by chemical identification of I adioactlve 6sslon
prodllCts.

Although a number of the fission products characteristic
of slow neutron fission of uranium are found, the fission
reaction. on these light elements with high energy particles
differs in some important respects. There is no evidence for
well-dehned asymmetric cleavage with a deep valley at the
midpoint of the yield curve as is the case with slow neutron
fission. Another difference is the appearance in good yield of
light isotopes of a given element, and undoubtedly thc
formation of stable isotopes as primary 6ssion products is
not unusual. For example, the shielded isotope Brs' is
formed ln comparable yield to Br" with 400 Mev hehum
ions and 200 Mev deuterons on bismuth, while the relative
yields are 1 to 10' for these isotopes in the slow neutron
fission' of uranium. In the bombardment of bismuth and
lead with 400 Mev hehum ions, no measurable amount of
Ba"0 (formed in highest yield with slow neutrons on
uranium) was found, but an activity which is probably~
Ba'" was noted This isotope ls not found at all m ihe
fission of uranium with slow neutrons as it falls well down
among the lightest stable isotopes of barium.

It has not been possible, thus far, to compare accurately
yields from different bombardments because of the inability
to determine the beam strength. However, certain trends
appear to be de6nite: The probability of the 6ssion reaction
for a given projectile drops off as the target atomic number
decreases from bismuth to tantalum. That for a given
target element the fission yield decreases as the projectile
energy decreases is indicated by the decrease in yield of
bromine activities from bismuth fission as the deuteron
energy is varied from 200 to 50 Mev. The distribution of
fission products changes in varying the projectile energy
since the ratio of Brs3 to Brs' was 2 for 200 Mev deuterons
on bismuth and 100 for 50 Mev deuterons on bismuth.

Table I shows 6ssion products found from the reaction of
400 Mev helium ions with bismuth and the relative yields
of these isotopes. The radioactive properties checked
reasonably well those previously reported for these iso-

TABI.K I. Relative yields of fission products from 400 Mev
helium ions on bismuth.
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TAsLE II. Summary of irradiations in which fission was observed
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&HE 180' beta-ray spectrometer which was used in the
determination of the maximum energy of the beta-

ray spectrum of C'4, described in a pre~ious letter, has been
used to investigate the conversion electron and beta-ray
spectrum of 2/-day PR'~, This spectrometer, and an
additional photographicallv recnrding spectrograph, were

topes. ' ' The yields are expressed in arbitrary units. It is of
interest that Ba'40 was not present in detectable amount.

The conditions of irradiation that werc tried and under
which fission was observed in Rll cases are summarized in
Table II.

It is of interest to speculate on the mechanism of the
6ssion in view of the high degree of excitation of the com-
pound nucleus. Since the probability of fission would in-
clcRsc with a glcRtcl (charge/mass) Iatlo, and slIicc lt ls
known' that large numbers of neutrons may be ejected
from such highly excited nuclei, it seems likely that the
actual 6ssion reaction is preceded, on the average', by the
boiling-OA of a large number of neutrons. Some experi-
mental evidence supporting this view is the appearance of
light isotopes fol R given clclllnt IIi R fcw cRscs RIid the
6nding that the most probable 6ssion results in products
the sum of whose masses lies well below that of the target
mass number. However, the same observations would
result if' the 6ssion reaction would occur 6rst with the
fragments still in highly excited states after dissipation of
their kinetic energy.

The cooperation of Prof. R. L. Thornton, Dr. D. C.
Scwell, and all those whose operation of the 184-inch
cyclotron made these irradiations possible» is gratefully
acknowledged. %'c wish to thank Professor E. O. Lawrence
for continued interest and Professor G. T, Seaborg for
helpful discussions regarding this work.

*This paper is based on work performed under Contract No. %'-7405-
eng-48 with the Atomic Energy Commission in connection. with the
Radiation Laboratory, University of California.

i Plutonium Project compilation of nuclei formed in fission. J. Am.
Chem. Soc. 68, 2411 (1946}.

~ G. T. Seaborg, "Table of Isotopes, '" Rev. Mod. Phys. 16, 1 (1944).
~ B. B. Cunningha, m, H. H. Hopkins, M. Lindner, D. R. Miller,

P. R, O' Connor, I. Perlman, G. T. Seaborg and R. C. Thompson.
Paper to be given before Stanford University meeting of the Americari
Physical Society, July 11-12, 1947.



353

TABLE I. Gamma-rays and conversion lines in 9tPa23'.
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TABLE II. Gamma-rays and conversion lines in 771r»2.

employed to analyze the spectrum of the 60-day Ir'"
actlvlty.

The data on the conversion electrons from Pa'" are
summarized in Table I. The end point of the continuous
spectrum of the Pa"' is completely masked by a conversion
line, and consequently it is diNcult to estimate the maxi-
mum energy more accurately than to say that it is ap-
proximately 0.2 Mev. These beta- and gamma-ray energies
are in substantial agreement with the values reported by
Haggstrom, ' who found conversion lines indicative of only
three gamma-rays, but suggests that a fourth might exist.

The beta-ray and conversion electron spectrum of the
60-day Ir'" activity consists of a large number of con-
version lines superimposed on what appears to be a simple
continuous spectrum. The maximum eriergy of the spec-
trum, determined from a Kurie plot constructed from data

taken with the 180' spectrometer, is 0.67 Mev. This value
would be accurate to 2 percent if the presence of the
conversion lines near the high energy end of the spectrum
did not introduce the possibility of a larger error. Because
of these lines the shape of the spectrum is dificult to
ascertain. Consequently, one cannot exclude the possibility
that the spectrum consists of several components, nor can
one use it to make a theoretical analysis based on its shape.

The conversion lines were studied with the photographic
spectrograph, and the results are summarized in Table II.
'I hese results are in agreement with, but are more accurate
than, those obtained with the 180' counter spectrometer.
The accuracy of the gamma-ray energies for both the Pa"'
and Ir» is approximately 2 percent. The energy differences
of the observed lines agree best with the differences be-
tween the electronic levels of Pt, and therefore it was
assumed that all of the conversions take place in the Pt
atom formed by beta-decay.

~ A detailed description of this work and of the spectrometer used is
contained in Plutonium Project Report CP-3702 which is to appear in
Division IV of the Manhattan Project Technical Series as part of the
contribution of Clinton Laboratories. This work was done under the
auspices of Manhattan District Contract W 7405-eng 39.

' E. I-laggstrom, Phys. Rev. 59, 322 (1941).
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NDER the above title, Lothar Meyer aod William
Band' advanced the assumption that "in the absence

of constriction, the internal forces responsible for the
fountain effect are still present, and produce an internal
momentum density M." They conclude that there exists a
wave equation for the temperature T "similar" to second
sound, with the velocity c&(T) increasing up to the X-point.
Since this is in conflict with experiments according to which
c&(T)~0 as T~Ty, Meyer and Band conclude that the
disagreement is due to irreversible effects. Their reason
seems to be the resemblance between the curves repre-
senting c2(T) and p, (T), the latter being the fountain pres-
sure measured in not very thin capillaries where irreversible
effects make their appearance.

The following points should be raised in connection wit:h

these ideas:
'lhe assumption that the fountain pressure exists in

helium II far from solid walls is correct, ' ' but Eq. (1),which
Meyer and Band deduce from this, is not. The correct
equation should read in Meyer and Band's notation:

s ~& =~P = —(p/»)AM/d~- (1a}

Equation (la) differs by the factor p/p, from Eq. (1) of
Meyer and Band. Equation (1a) has been given' and
derived' from the point of view of the theory of the Bose-
Einstein liquid. Actually it can be derived also from more.
general assumptions with quasi-thermodynamical methods. '
The factor p/p, assures that c2~0 for T~Tp as required by


