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I T is well known that the introduction of cutting­
off form factors into the mathematical formalism 

of the present field theory results necessarily in 
the condition of the gauge invariance relations. 1 

In this case the supplementary Lorentz condition 
aAp/ axp = o is no longer an integral of motion, 
and all four possible polarizations of the y-quanta 
will contribute to the effective cross sections da 
= da j_ + dall . However, if the contribution of 

the y-quanta with longitudinal and scalar polari­
zations was small, i.e., if da 11 << da ..L , then 
the theory could he considered as a first approxi­
mation of a more exact theory which would satisfy 
exactly the conditions for gauge invariance, and 
in which da 1 would vanish. If, in the opposite 
case, the e/fective cross section da II is com-
parable to da 1 , then the possih~lity of :mitting 
scalar and longitudinal y-quanta 1s a has1c result 
of the theory with a form factor. Let us consider 
these problems in the simple case of the Compton 
scattering. 

The matrix element of the Compton effect on an 
extended electron will he written in the form: 

X { ik,x' -ik2x2 v 1'- + ik,x2 - ik,x: 1'- v} e • ee e ee. 
1 2 1 3 

Here p 1 , s 1 and p 2 , s 2 are the energy-momentum 

and spin vectors ofthe electron in the initial and 
final states: k 1 , e 1 and k 2 , e 2 are the energy-

momentum and polarization vectors of the y-quanta 
in the initial and final states. The theory of 
non-local interactions not being gauge invariant, 
one has to take into account all four possible 
and independent polarizations e/ 11 of the y-quan­
tum k 1 , and all four possible and independent 

polarizations e 211 of the y-quantum k2 • If ~f.l is 

the fraction of the y-quanta with a polarization e 111 
in the scattered beam, then 

4 4 

= ~ f,l'-dcr(pz; kzezlpl; k1e11'-) ~~ f,v· 
!J.=l V=l 

In the particular case where all four independent 
polarizations have equal probabilities, i.e., when 

~~ = ~2 = ~3 ± ~4 

(I) 

<D1 = cp (pz; P2 + kz) cp (pl + k1; PI); (2) 

<Dz = cp (pz; Pz- k1) cp (pz- k1; Pz); cp (p; q) 

= (27t) 8 SF (x1X2Xa) e-ip(x,-x.)-iq(x.-x,) d4 (X1X2Xa); 

where e is the angle between the vectors I;- and 

k2 . 

If the energy k 1 of the scattered y-quantum and 

the angle e are such that k l ( 1-cos e ) > > m then 

k 1 >> k 2 and ¢ 2 "" 1 for A ~ 10- 12 em. (It 

f.ollows from the comparison with the experimental 
data that A < 1.2 x 10- 13 ; see helowJ In this 
case 

(3) 

The right-hand side of (3) differs from ~ only in the 
case of small angles (for k 1 ;;;:_ 109 ev; e st, 3 or 5°) 

(dcrfdcrloc) (pz; kziPI; kl) = <Di-> 0; .!). ,..,0; kl __,.. CXJ. (4) 

As the energy of the scattered y-quantum increases, 
this region becomes smaller. 

The effective cross section (l) accounts for the 
transverse, as well as for the longitudinal and 
scalar polarizations of the y-quantum. It is in­
teresting to consider also the effective cross 
section da ~ (p 2 ; k 2 / p 1 ; k 1 ) for the case where 

the polarization of the y-quanta is purely transverse. 
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If it happens that for t = t: = 0 the difference 
2 s4 

da Jf = da- da j_ < < da j_ , then the probability 

of emission of longitudinal and scalar y-quanta , in 
the theory with non-local interaction, is negligibly 

small. We get by a standard method: 

da J.. (p2; k2 I Pr; kr) (5) 

r2/?2 { 1 
= - 0 - 2- dO. - <1>2 (mk 2 + k2sin2 ~) 

2k2m kr 1 1 
1 

+ -1- <1>2 (mkr - _!_ k 2 sin2 ~ ) 
k2 2 2 2 

+ <I>r<I>2 ( 4- k2 - k~- m )sin2 ~}, 
where ¢i = ¢i (0) as informula (2). 

The cross section (5) for Compton scattering 
differs considerably from the effective cross section 
got by Klein, Nishina and Tamm for energies 
k 1 ""' 7i >../ c and for small scattering angles. Com-

pa,ring with (l), itfollows that the y-quanta with 
longitudinal and scalar polarizations contribute 
eonsiderably to the cross section. As the energy 
k 1 of the scattered y-quanta increases, the magni-

tude of the effective cross sections a and a...L de­
creases rapidly. 

Lawson3 has measured the Compton scattering 
effective cross section for an energy k 1 = 80 mev of 

the y-quanta. The experimental error is of 15% and 
the result agrees with the cross section computed 
by the Klein-Nishina-Tamm formula. It follows 
from these experiments that in any case ).. < 10 -12 
em. More exact measurments are reported 4 for an 
energy k 1 = 250 mev; the experimental error is of 

10%, and the result also agrres with the Klein­
Nishina-Tamm calculation. It follows from Eqs. 
(l) and (5) that for k 1 = 250 mev and e = 4 ° the 

magnitude of the constant ).. cannot exceed 1.2 
X 10-13 c:m. This result is obtained for form-

£ t . ..t.. _ -2A.2mk 1 ..t.. = e-2A2mk2 but it does unc Ions 'jJ 1 - e , 'jJ2 ' 

not change appreciably when the form of these 
functions is varied. 

To conclude, let us note that the study of the 
creation of electron-positron pairs by cos~ic-rays 
electrons with energies of 0.1 to 10 bev, m photo­
emulsions, also yields results in agreement with 
the calculations performed by the known methods 
of the theory of local interaction. 5 For electrons 
with energies of 100 bev there are some indica-
tions of disagreement with theory. However, 

the large experimental errors prohibit the draw­
ing of any definite conculsions. 
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T HE cross section for the inelastic coherent 
scattering of thermal neutrons in poly~rystals, 

relative to a single nucleus and for an arbitrary 
frequency spectrum, is expressed in the following 
way, correct to terms of order 1/M (that is, neg-
lecting multiple phonon processes and thermal 
factors):* 

a±(E,w)dw= ;;&V1+hw;E(2':fnwjE) (l) 

(± 1) E 
X 1-e+hwJf' hw v((i))dw. 

Here a+ (E, w) dw is the scattering cross section 
for a neutron with energy E, as a result of which 
a phonon with a frequency in the interval dw is 
excited (or absorbed); a 0 is the cross section for 

the scattering of a neutron by a single massive 
nucleus, M is the mass number of a nucleus of 
the crystal, T is the temperature (in units of energy 
and v (w) is the frequency spectrum of the crys­
tal, relative to a single nucleus. 

The crystalline frequency spectrum entering 
into Eq. (l) is in turn linked in a well-defined 
manner with the lattice specific heat at constant 
volume, C (T), by the relation 


