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In calculating the cross section, data from only those channels
representing pions removed from the beam by nuclear interactions,
i.e., from those channels in which the contamination was sma11,
were used.

The curve of Fig. 2 shows the efficiency for observing removal
of pions from the beam in the attenuator as a function of the pion
scattering angle, determined from the geometry of the counters.
The measured cross section, based on 9)&10' pions, is after cor-
recting for muon contamination, 12.4+3 millibarns. If the scatter-
ing at this energy is assumed to be isotropic in the center-of-mass
system, the total cross section is 16.6~4 millibarns; a cos'& dis-
tribution gives a 0& of 20.8 mb; a sin 0 distribution yields 14.9 mb.

The work is being extended to lower pion energies.

+ Work performed under the auspices of the AEC.
~ Anderson, Fermi, Long, and Nagle, Phys. Rev. 85, 936 (1952) ', Isaacs,

Sachs, and Steinberger, Phys. Rev. 85, 803 (j.952).

phosphors; substantially the same result was obtained for all of
them. A curve obtained in a similar way but using the n —L ray
coincidences from the decay' of Pu" is given for comparison. This
shows that the form of the alpha-gamma delay curve is not a
property of the equipment and also that the half-life of the Pu3'
radiation is less than 2&(10 sec. In order to eliminate the possi-
bility of any systematic error arising from the use of a slow coinci-
dence circuit and slow phosphors a further measurement was made
using a "fast" circuit of resolving time 2&10 sec with anthracene
scintillators. The relatively low gamma-ray detection efEciency
obtainable with this arrangement made accurate measurements
dificult, but the value of (7+1)X10 s second obtained is a satis-
factory check on that given above.

The Decay of Am'"
J. K. BELING,+ J. O. NEWTON, hND B. ROSE
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S TUDIES of the low energy gamma-rays and L rays from the
decay of Am~', reported in a previous letter, ' have been con-

tinued. Coincidence measurements, using a resolving time of
2 @sec between the 59.7-kev gamma-rays detected in a sodium
iodide crystal and the other radiation detected in a proportional
counter, showed that (6+0.8) percent of the radiation in the three
low energy groups was coincident and that an upper limit of 3.6
percent could be set to the amount of coincident 26.3-kev radia-
tion. The level sequence in Np"' deduced from the measured alpha-
particle groups is given in Fig. 1. The method of decay shown is
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FIG. 1. Tentative decay scheme of Am24~. Intensities of alpha-particles

and gamma-rays are expressed in percentages of Am~+ disintegrations.
Dotted lines denote highly converted transitions. The relative intensities of
the two possible transitions from the 43-kev level have not been determined.

consistent with the above results if the 114-kev state decays by
internal conversion to the 71-kev state with a lifetime of less than
2 @sec and if the low energy groups are due predominantly to L
radiation.

A measurement of the lifetime of the 71-kev state was made by
the delayed coincidence method, using a sodium iodide crystal
to detect the 59.7-kev gamma-rays, zinc sulfide to detect the
alpha-particles, and a conventional coincidence circuit of resolving
time 0.1 @sec. The result shown in Fig. 2 gives a half-life of
(6.3&0.5)0(10 sec. (This may be too high by up to 40 percent in
the unbkely event of a lifetime between 0.03 and 0.15 @sec for the
114-kev state. ) A series of measurements were made using giant, gqnt;

FIG. 2. Alpha-gamma coincidence delay curves.

From the fact that the right-hand side of the delay curve has
constant slope to within the accuracy of measurement it can be
deduced that the half-life of the 114-kev state must either be less
than 0.15 psec or more than 1.5 psec. The latter possibility was
excluded in the following way. The product of the alpha-particle
and 59.7-kev gamma-ray rates divided by the coincidence rate,
was determined from an alpha-gamma coincidence experiment
using a resolving time of 1 @sec, and was compared with the alpha-
particle source strength as measured in a counter with well de-
fined geometry. The agreement between these values indicated
that the lifetime of the transition from the 114-kev state was less
than 1 psec. By similar measurements on the total radiation it was
possible to set an upper limit of 0.3 @sec on the half-life of the 43-
kev state. We can therefore conclude that these states decay
mainly by M1, N2, or E2 transitions, E1 being eliminated since
no gamma-rays of the corresponding energies were observed.

Without assuming anything other than that the observed
59.7-kev gamma-radiation is due to a single transition, we can set
an upper limit of 1.5 on its conversion coeKcient since there are
0.40 of these gamma-rays per alpha-particle. ' If we assume the
decay scheme of Fig. 1 then an upper limit to the conversion coefB-
cient of the 26.3-kev gamma-ray is 20. By interpolation and extra-
polation from the tables of L conversion coeKcients of Gellman
et a/. ,4 it can then be deduced that both of these gamma-rays arise
mainly from electric dipole (E2) transitions.

Weisskopf's lifetime formula' is not expected to give accurate
results for E1 transitions; nevertheless, the discrepancy of
~4&(10' between the values calculated from it and the measured
gamma-ray lifetimes is interesting. The observed ratio of lifetimes
for the 59.7- and 26.3-kev gamma-rays is, however, in good agree-
ment with that calculated. from the formula.

The authors are grateful to Dr. J. Milsted for preparing the
sources used and to Mr. F. H. Wells for the loan of his fast coin-
cidence circuit. One of us (J.K.B.) wishes to express his gratitude
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Experimental Demonstration in the Laboratory of
the Existence of Magneto-Hydrodynamic

Waves in Ionized Helium*
WINSTON H. BOSTICK AND MORTON A. LEVINE
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(Received June 6, 1952)

'HIS laboratory has been investigating the properties of
ionized gases at low pressures in a toroidal discharge tube

where ion diffusion to the walls can be retarded by a magnetic
field co-annular with the toroidal tube. The discharge is excited
by a 2-microsecond pulse applied to a primary winding of 10 turns
of wire on a pulse transformer core which links the toroid. The
secondary of the pulse transformer is effectively the ionized gas
in the toroidal discharge tube; the peak current in this gas under
some circumstances goes as high as 8000 amperes. The densities of
electrons and ions and the electron temperature can be measured
in the afterglow period in this discharge tube by means of a probe
which is connected mechanically to the amplifier of a synchroscope
only during an "examining interval" of about 1000 microseconds.
Except during this examining interval, which can be variably
delayed with respect to the excitation pulse, the probe fI.oats in
the plasma and is decoupled from both the amplifier and the
voltage source.

With a short probe (3-mm effective length) inserted into the
region of high ion-density gradient near the tube wall, oscillations
can be observed on synchroscope traces of both the positive ion
current LFig. 1(a)7 and the electron current LFigs. 1(b) and 1(c)7.
These oscillations are either subdued or absent when the probe

is inserted to the center of the discharge tube. These oscillations
are entirely absent when no dc magnetic Geld is present /Fig. 1(d)7.
The synchroscope photographs represent the traces of several
pulses on the same exposure. Although the phases of the oscilla-
tions are, in general, not coherent from pulse to pulse, it is never-
theless possible to delineate from the photographs oscillatioris
involving several cycles of definite periods of approximately 100
microseconds. These oscillations in ion and electron density near
the wall of the tube suggest the presence of standing magneto-
hydrodynamic waves set up around the toroid whose length I.
is approximately 100 cm. The propagation velocity V of such a
wave' is given by V=HO(1/4m. p) &, where Ho is the value of the dh
magnetic field in gauss and p is the density of the gas. For a
standing wave I=n)I/2= n V/2r =nBO/2v(4m p) &, so the frequency
of the standing wave v=nBO/2J(4~p)&, where n is an integer.
With our experimental conditions of p=3X10 ' g/cc and Hp=400
gauss the computed I =400n/[2X100X (4~X3X10 ') &]—10'n.
If n=1 this value of the frequency v agrees reasonably well with
the observed frequency of 10' cycles/sec. Furthermore, if the wave
is to be undamped to the extent that a standing wave can be set
up in the length L, it can be computed from Alfven's relationship'
that IHo& x&c'(p) &/o, where 0 is the conductivity of the gas in cgs
units and c is the speed of light in cm/sec. If we take a reasonable
value of 0.=10" cgs units, the inequality is maintained for our
circumstances, and we should expect to observe standing waves.

Attempts to demonstrate quantitatively the dependence of V
on 80 for these waves have not yet met with success in this
toroid because of the difliculty of setting up standing wave pat-
terns at several values of the Geld Ho. It has been observed qualita-
tively however, that at the higher values of Ho it is frequently
dificult to set up a good standing wave pattern and that the
pattern presented contains noise of frequency higher than is
generally observed at the lower values of B~.The amplitude of the
oscillations is lower with the higher values of Ho.

These oscillations in ionization density at the plasma periphery
are ascribed to displacements associated with magneto-hydro-
dynamic waves. These oscillations have also been observed in
H2 and N2.

Magneto-hydrodynamic waves very likely play a role in in-
creasing the rate of ion diffusion perpendicular to the magnetic
field.

*The research reported in this paper has been sponsored by the Geo-
physics Research Division of the Air Force Cambridge Research Center.
Air Research and Development Command, under the direction of 0, T.
Fundingsland of that organization.
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Acceleration of Beryllium and Carbon Ions
in a Synchrocyclotxon*
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FIG. 1.Oscillations on current to probe in He at a pressure of 0.020 mm.
The examining interval begins 600 microseconds after the excitation pulse.
(a) Positive-ion current, Hp=530 gauss; (b) electron current, Hp =530
gauss; (c) electron current, Hp =410 gauss; (d) Hp =0, when no oscillations
occur anywhere in the afterglow period.

N UCLEAR emulsions have been exposed to carbon and beryl-
lium ions in the University of Chicago synchrocyclotron.

Carbon ions of energies as high as 1.1 Bev have been directly
observed in photographic plates. The acceleration of carbon and
oxygen ions in the Berkeley 60-inch cyclotron has been previously
reported. ' ~ In the present experiment CO2 gas was introduced
into the ion source of the Chicago cyclotron in place of the hydro-
gen which is normally used. In order to eliminate the large number
of (H2)+ ions originating from the water vapor inside the cyclo-
tron tank, the upper frequency limit of the oscillator and the
magnetic Geld were adjusted so that (H2)+ would not be acceler-
ated near the center of the cyclotron. However, under these condi-
tions, carbon ions with 5 electrons removed and Be atoms com-
pletely stripped could be accelerated. The beryllium ions are


