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nucleonic charge) and the second as the electric current. Frem (7) we obtain the nucleon electric-charge 
operator 

which commutes with the Hamiltonian and with the spin operator. The eigenvalues of Q are equal to 
zero for the neutron states and € for the proton states. 

It should be mentioned that (2) is not invariant under improper Lorentz transformations. It follows 
from the pseudoscalar character of y 5 that a reflection of the space coordinates changes a proton into 
a neutron and vice versa. This means that (2) is invariant under simultaneous reflection of space and 
isospin coordinates. 

Equation (2) can also be used to describe the doublet of the 8 hyperons. One then has to take m0 

(8) 

= 2588 me while a has the same value as for the nucleons. This yields a mass of 2586 me for the E
and 2590 me for the .E.0• 

It is interesting to note that one can also find for the operators rv, Tk, and I a twelve by twelve 
irreducible representation which allows a description of the triplet of ~ hyperons. 

*A more detailed derivation of (2) and a generalization for the case of weak interactions will be pub
lished in the Transactions (Trudy) of the Institute for Physics and Astronomy of the Academy of Sciences, 
Estonian S.S.R. 

1 A. M. Shapiro, Usp. Fiz. Nauk 60, 572 (1956). 
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THE process of electron capture into betatron orbits has been studied by many authors, with various 
accelerators, and sufficient experimental material has consequently been compiled. A number of theo
retical papers have been devoted to the subject of el,ectron capture.1- 5 Although they were not fully suc
cessful in giving a complete explanation of the capture process, they still allow an estimate of the con
tributions of the different capture mechanisms and a comparison with experiment. However, no attention 
has been paid so far to the following process, which can contribute to the capture of electrons into beta
tron orbits. Consider the motion the electrons in a coordinate system moving along the equilibrium orbit 
with a velocity equal to the azimuthal injection velocity of the electrons. In this coordinate system the 
electrons will move towards each other. Since the electron velocities corresponding to radial motion 
are small, the collision probability will be sufficiently large. As a result of multiple scattering, elec
trons starting out with equal oscillation amplitudes will later acquire a gaussian amplitude distribution. 
Thus, the conditions for strong damping of the oscillations will statistically be fulfilled for a certain 
fraction of the injected electrons. 

A rough estimate of this effect can be made in thE~ following manner. If an electron makes an elastic 
collision at the time when its velocity is at maximum, then the amplitude of oscillation will decrease as 

p~ = Po cos tp, (1) 

where 1/1 is the scattering angle. The probability of single scattering at an angle 1/1 in traversing a dis
tance dx through an electron gas of density N0 is !P.ven by 

(2) 
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where Wp is the energy of the radial oscillations: 
W P = Wa ( 1 - n)(p0 / R0) 2 • (3) 

The number of electrons missing the injector is given by 

e' 7t-<lJmin 
-- ~ cos (<jl /2) e4 ( 1 \ Ny=NN0 dx27tw2 ~dlji=NN0 dx27t-2 - • '(<Ji 12)- , 

p av sm ('1'12) w ,sm min cos• (<Jimrn/2); 
~n P~ 

(4) 

where N is the number of injected electrons. 
We now consider a numerical example. We assume: injection energy W 8 = 10 kev; injection current 

iin = 0.4 amp, injection duration T = 1.5 IJ.Sec, radius of the equilibrium orbit R0 = 20 em, instantaneous 
radius Rt = R0, amplitude of radial oscillations p 0 = 1 em, distance from the filament to the edge of the ' 
anode of the injector !:A= 0.1 em, field index n = 0.65, and area of the injected beam S = 1 cm2• We then 
obtain number of injected electrons 

N = iin"'/e = 3.75·1012 ; 

velocity of the injected electrons 

~ / 2W6 
Va = V-- = 5.92·109 em/sec; m 

electron density in the beam 

energy of the radial oscillations 

Wp = 8.75 ev; 

minimum scattering angle necessary to miss the injector, cos lJimin = 0.9. 
For Rt = Ro and n = 0.65, an electron leaving the injector travels radially a distance 8p0 before re

turning (see figure). Then the number of electrons missing the injector will equal Ny = 0.8 x 109, which 
corresponds, at the end of the acceleration, to an electron current in the betatron doughnut of 

Injector i'r = (cj27t)eNyj R0 = 0.03 amp. 

We note that the number of electrons missing the injector increases as 
the square of the emission current of the injector. Taking into account the 
influence of the Coulomb repulsion, the number of captured electrons will 
be proportional to the fourth power of the emission current as the result of 
the decrease of the energy of the radial oscillations. This agrees with the 
experimental results. 

In a more accurate treatment, one has to take it into account that the 
multiple scattering process is the predominant one. Furthermore, the am
plitude of the radial oscillations can also be increased in collisions involv
ing electrons of different velocities. 

The authors are grateful to Professor M. S. Rabinovich for valuable suggestions and for discussion of 
the results. 
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