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of 19.5=b0.2 Mev.4 There are no associated low-energy 
electron or recoil tracks at point A (Fig. 2). The absence 
of a recoil and low energy electron in conjunction with 
the mass measurements along the primary make it 
improbable that the proton was ejected by the nuclear 
capture of a negative w or K meson. In terms of known 
decay schemes, it seems reasonable to interpret the 
event as the decay, from rest, of a charged hyperon6 

(F+) into a proton and a neutral ir meson: 

The Q value for this reaction is found to be 117±2 
Mev. From the measured Q value, the mass of the 
hyperon is found to be 2329±5we. The Q value is in 
excellent agreement with two other similar events 
reported by the Genoa-Milan and the Padua groups.6 

In these two events, the proton energies were found to 
be 18.7±0.2 Mev and 18.5±0.3 Mev, respectively. 
The consistency in the ranges of the protons among the 
three events (the Genoa-Milan, the Padua event, and 
the above event) strongly indicate that these three 
hyperons decayed from rest and that only two particles 
were involved in the decay. 

The authors are greatly indebted to the Cosmotron 
group for their assistance in exposing the plates and 
particularly to Dr. R. K. Adair for his continued 
interest and cooperation. 
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THE theory of Coulomb excitation has been con­
sidered earlier by many authors. Especially 

helpful for the interpretation of the experiments is a 
semiclassical calculation by Ter-Martirosyan.1,2 In this 
theory the trajectory of the impinging particle is 
described by a classical hyperbolic orbit. 

We have obtained a somewhat more accurate de­
scription of the process by approximating the Coulomb 
wave function, entering in the quantum-mechanical 
treatment, by means of the WBK method. The results 
of this calculation are very similar to the results of the 

semiclassical theory. The cross sections for electric 
dipole and electric quadrupole excitation are: 
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with the following new definition of the parameter : 
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where Zie and Z2e are the charges of the impinging 
projectile and the nucleus, respectively. The initial and 
final relative velocities are denoted by Vi and v/, while 
m is the reduced mass. B (EX) is the reduced transition 
probability for electric 2x-pole radiation in the notation 
of Bohr and Mottelson.3 The functions g#x(£) are the 
same as those entering in the semiclassical expression.1*2 

For small excitation energies AE, the formulas (1), (2), 
and (3) reduce to the corresponding semiclassical 
formulas. We have then v/~Vi~v, and 
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The expression (1) for electric dipole excitation has 
been compared with the exact quantum mechanical 
formula4 
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in terms of 2^1, the ordinary hypergeometric function. 
In the range c e ^ l and O^a/—a*=£^l, the WBK 
expression (1) agrees within 2 percent with the quantum 
mechanical calculation, which represents a considerable 
improvement over the semiclassical treatment. 

In the case of the quadrupole excitation, no exact 
quantum mechanical treatment has been given, but the 
adequacy of the WBK treatment for the El case, 
suggests that (2) should also represent a good approxi­
mation when the effects resulting from penetration of 
the bombarding particle into the nucleus itself can be 
neglected. 

Indeed, it is found that (2) satisfactorily represents 
all the experimental yield curves available to us at the 
present time. 

Other kinds of electromagnetic excitations have also 
been considered and a detailed account of all the calcu-
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lations will be published in the proceedings of the 
Danish Academy.5'6 
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A REASONABLE explanation is offered to account 
for the observed increased transition rate of 

nuclear spins at the electronic spin resonance frequency, 
as reported in the preceding Letter by Honig. I t is 
known from the work of Bloembergen1 that an im­
portant mechanism of nuclear spin-lattice relaxation in 
solids is through the coupling of the nuclear magnetic 
moments to the electron magnetic moments of para­
magnetic impurities. The power spectrum associated 
with the relaxation of the electron moment determines 
the rate at which nuclear spins are flipped. If the elec­
tron spin-lattice relaxation time is very long, even a 
weak rf field at the electron resonance frequency will 
have a major effect on the power spectrum. In this 
way nuclear flips are enhanced when the electron res­
onance is observed." 

The Hamiltonian for a single arsenic site, when the 
dipolar interactions are neglected, is 

+Hxe™ lgeixBSx~ Hxe™ ^NUNIX, (1) 

where the nuclear moment is considered to be positive. 
For the experimental magnetic field of 3000 oersteds 
the use of Iz and Sz as good quantum numbers gives the 
correct energy levels within 2 to 3 percent. The off-
diagonal interaction term ^aS+I~ can be made to induce 
nuclear transitions to first order in the sense of time-
dependent perturbation theory, by considering the 
rf-induced transitions of S+ as a source of power. This is 
similar to the argument made by Bloembergen, Purcell, 
and Pound2 in which they use the time dependence of 
the magnetic dipolar interactions caused by the rota­
tional and translational motion of the spins to obtain 
the power necessary for a nuclear spin relaxation. The 
correlation function for S+(t) is assumed, following 

Bloembergen,1 to be proportional to 
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where Trf
el is the electronic transition time given as2 
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and TV1 is the half-maximum value of the electronic 
line shape function. 

Corresponding to this correlation function is the 
power spectrum, 
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where coo is the electronic Larmor frequency. Substi­
tuting into the standard formula for transition prob­
ability,3 we have for the nuclear transition time, 
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Note that the component of the power spectrum is 
taken at the nuclear Larmor frequency coo7. 

Next we will show how the same result can be ob­
tained by second-order perturbation theory. Here we 
consider the transition between the initial spin state, 
W£=! , wj = f, and the final state, ms — ^, mi — \. If 
standard perturbation theory is used, the expansion 
coefficient for the final state satisfies the equation, 
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I t is to be noted that we have represented the initial 
state by a decaying exponential.4 The only intermediate 
state which gives a nonzero contribution is ms=—%, 
W/=f, and thus only the matrix element containing 
Hi contributes to an

a). Therefore we set con/
1)== — co0 

and co/n=coo—co0'. The transition probability is wanted 
at the electronic renance frequency, so setting co = co0 

the expansion coefficient then satisfies the equation 

d/s> = - ( ^ ) - 2 (2 r r f
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X [exp (—t/2TTi
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The first two terms can be made to conserve energy 
between the initial and final states by choosing the 
Fourier component of exp(—t/2TTfx) exp(̂ *co00 at the 
frequency coo'. Formally carrying this out gives just the 
transition probability in Eq. (4). 


