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pendent of the detailed form of the energy sur-
faces is needed. These measurements are being
continued on other substances.
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Transitions between states i+1 and i now result
in a whole spectrum of frequencies vi+1 i.

&al. . =(do(1 -iRQpo/mac ).
g, a+1 (2)

Second order terms in Kv, /m, c' have been neg-
lected. Consider Nz electrons in the energy state
i. Under the influence of an alternating electric
field they will undergo absorption and induced
emission at the frequencies ~. . 1 and co.

gp Z

The net transfer of power is

P. =N S(&u. . ..ce. . -&u. . .w. . .). (3)i i z, i+1 i, i+1 i, i -1 i, i -1
The transition probability I; .+1 =so;+1; is
given by
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The Schrodinger equation of an electron, mov-
ing perpendicularly to a magnetic field H, can be
reduced to the equation of the harmonic oscillator. '
The kinetic energy W. of an electron in the state
i is therefore given by W =(i+ 2)kv„where
~e =eH/m, c is the cyclotron frequency, associ-
ated with all transitions between the states i and
i+1. Using the relativistic Schrodinger equation
and neglecting the spin, the kinetic energy levels
of the electron are found to be'

W. =m, c'[1+2(i+-',)R(u, /m, c']' —m, c'. (1)

ternal electric field. For sufficiently sharp lines,
i.e., for a small collision frequency 1/7, the re-
sponse curve g(ru) can be assumed to be Lorent-
zian:

g((o) = v/[1+ ((u . . —(u)'v'].
i, i+1

Introducing Eqs. (2), (4), (5), and (6) into Eq. (3),
one obtains

J . =X.(e'~/m, )(Z'/2) q,

(1-in)(i+1) [1-(i-1)n]i
1+((o. . - ur)'v' 1+(~. . - (u)'v'

Z) Z+ i, i-1
where n =km&, /m, c'. Neglecting again second
order terms in o, the function q can be written
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The quantity

=e[(i+ l)8/2m, (u, ]'
Zp Z+

is the matrix element of the harmonic oscillator
for the transition between the state i and i+1;
E is the amplitude and + the frequency of the ex-

+0.5

FIG. 1. Cyclotron resonance absorption of a non-
relativistic (A) and a relativistic (8) electron.
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where x =(~~ f+1 —~)~, W is the kinetic energy
of the electron, and Q = F07. In the nonrelativistic
limit, i.e., for W/m, c'=0, the cyclotron reson-
ance line is Lorentzian. However, for QW/mac &1,
the function y may become negative, corresponding
to a net stimulated emission instead of absorption.
This effect is shown in Fig. 1 where we have taken
QW/m, c' = l.6, e.g. , Q = 10 000 and W = 76 ev.

If the electrons are not monochromatic, but
have rather a distribution of energies, one ob-
tains essentially the same effect, if there is an
overpopulation of the upper states. ' The above
formulas (I) and (8) have also been derived' by
means of the Boltzmann transfer equation, tak-

ing into account the dependence of the electron
mass on the kinetic energy.

It does not appear unlikely that this effect could
be used for a new type of maser, which would re-
quire no microwave "pump" and no low-tempera-
ture operation. '
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During the past few years the Brookhaven fast
chopper' has'been devoted to an extensive study
of the parameters of energy levels in heavy
nuclides excited by the capture of slow neutrons.
The results, obtained primarily from total cross
sections alone, have given information on the dis-
tribution laws of radiation widths, neutron widths,
and spacings of these energy levels. ' However,
little is known of the spins, J, of the levels,
aside from the limitation to two values, I+ ~,
with I the target nucleus spin. In a few favorable
cases, for which I'„ is larger than I', the total
cross section suffices for J determination, but
in general, partial cross sections, scattering or
capture, must be measured as well.

Another possible method for spin measurement
is based on the capture gamma rays emitted from
the individual levels. The most direct use of cap-
ture gamma rays for determination of J applies
when the ground-state transition is allowed for
one of the spins only. ' An example4 is the com-
pound nucleus %", in which the electric dipole
ground-state transition, of energy' 7.42 Mev, is
allowed for the J= 1 but forbidden for the J=0
levels. In this ground-state technique of spin
identification the question of the variation in
transition probability from level to level is im-
portant, for it might be possible that a J=1 level
would exhibit no observable ground-state gamma
because of an extremely weak transition proba-
bility. Because of this application to spin deter-

mination, and the intrinsic interest in transition
probabilities as well, it is desirable to gain in-
formation on the high-energy capture gamma
rays in heavy nuclides.

Essentially no information exists concerning
the relative transition probabilities involved in
the present situation, that is, the emission of
gamma rays from neighboring levels a few ev
apart to the same final state, some 6 or 7 Mev
distant. The typical neutron capture gamma-ray
measurements do not supply the necessary in-
formation, for they are limited to excitation by
one energy only, usually thermal neutrons. Elec-
tric dipole transitions in the hundred-kev range'
show wide variations in transition probability and
are usually hindered by large amounts relative to
the high-energy capture gamma rays; the latter
are in reasonable agreement with estimates' based
on Weisskopf's single-particle model, although

exhibiting variations of the order of a factor of
ten from nuclide to nuclide.

Earlier capture gamma measurements with the
Brookhaven fast chopper showed4 strong ground-
state transitions' for several of the known res-
onances in the target nucleus W"', indicating that
J=1 for these resonances. In that work gamma-
ray energies were measured in sodium iodide
crystals located near the capturing sample, and
neutron energies simultaneously by time of flight
to the sample. The same equipment has now been
installed at the NRU reactor, Chalk River, Can-
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