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is thus possible that the spectrometer can he used 
in work on thermonuclear reactions, since hydro­
gen, deuterium and tritium atoms possess magnetic 
moments. With a neutron spectrometer it is possi­
ble to measure the cross sections of neutron inter­
actions with nuclei and polarization effects, and to 
obtain the spectra of neutron sources. The measur­
able energy range goes fronJ thermal ranges to the 
order of 10 mev. For large energies the size of the 
apparatus and the power of the generator are in­
creased, hut pulsed operation is possible. 

Translated by I. Emin 
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0 NE of the conditions for the relativistic in~ 
variance of a theory is that the state vectors 

;J> of the field transform according to some repre­
sentation of the Lorentz group. Since any vector <D 
can he obtained by operating on the vacuum state 

<I> 0 with creation and annihilation operators, the 

transformation of ct> reduces to the transformations 
of cp and of the creation operators, that is, of the 
fiell amplitudes. It will Le shown that the field 
amplitudes do not transform according to the spinor 
representations of the Lorentz group, and that the 
amplitudes corresponding to electron and positron 
states transform independently of each other ac­
cording to the same representations. We nsh.all c~n­
sider the inhomogeneous Lorentz group L ,mcludmg 
space reflections hut not tirre reflections. The 
question of time reflections is more complicated 
and requires :special consideration. It is clear that 
the vacuum state <1> 0 is invariant under the group 
£ . In order to derive the transformation properties 
of the field amplitudes we shall write the field 
operator tjJ (x) in the interaction representati~n in 
the followinu relativistically invariant form (m the 

" ' l . d following we make use of Feynman s notatiOn an 
set 1r = c = l) 

(l) 

)( ~ {u (p) a (p) e-ipx + v (p) b+ (p) eipx} df. 

The integration in (l) is taken over the hyper­
surface given by p 2 = m2 , p 4 = f > 0; d[' 

= (m/ f) d 3 p is the invariant element of the hyper­
surface; u (p) = II u~ (p) II is a matrix of four 
rows and two columns given by the two solutions of 
the Dirac equation for positive energy, normalized 
according to the condition u;cx. u f3 = o af3 ; v (p) is 

the charge conjugate matrix; a (p) = (ai((p)) ) is the 
a2 p 

column operator consisting of electron annihilation 
operators, and b + (p) is the analogous column op­
erator of positron creation operators. The opera­
tors a, b are normalized by the invariant a-function 
on 1 , that is, they satisfy the anticommutation 
relations 

[a (p), a+ (q)]+ = Ll (p- q), H T. ,lJ.. (.:l (p) = (efm) a (p)). 

Let us first consider the homogeneous Lorentz 
transformation. (Similar, though somewhat simpler, 
considerations hold for translations.) Under a 
transformation L the spinor field t/1 (x) transforms 
according to 

~ (x)-+ ~' (x) = SL~ (L-1x), 
(2) 

where S L is the spinor representation of the Lorentz 
group, which satisfies the condition S L S L =S L L · 

1 2 1 2 
It is easy to see that the transformation (2) is 
equivalent to the following system of transforma­
tions in p-space: 

a(p)~ a(L-1p) 
(3) 

with similar systems of transformations for v and 
b + . From the relativistic invariance of the Dirac 
equation, however, it follows that 

SLu (L-1p) = u (p) ZL (p), (4) 

where the second degree matrix Z [. (p) is deter­
mined by the relation Z L ( p) = u (p) S L u(L -l p ). 

The following properties of the matrix Z L (p) 
are easily established: 

l) Z L (p) generates a representation of the 
Lorentz group, that is, 

2) The representation (5) is unitary 
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Shirokov 2 has found a similar representation of 
the Lorentz group. 

In view of (4), the transformation (3) can be 
written in the form 

u (p)-+ u (p); a (p) .... ZL (p) a (L-1p). 

Carrying through similar considerations for the 
amplitudes b (making use of the charge conjugation 
of the u and v ), we arrive at the following result: 
the transformation (2) reduces to the following sys­
tem of transformations for the field amplitudes: 

a (p)-+ ZL (p) a (L-lp); b (p) ..... ZL (p) d (L-lp). (6) 

Under this transformation the quantities u (p) and 
v (p) are not transformed at all. The transformation 
for the conjugate amplitudes a+ and b + follow 
uniquely from (6). 

The transformaion (6) can be represented in 
operator form. Let A be an operator in the space of 
the amplitudes aa. (p), ba. (p). The symbol <A> 
shall denote the expression 

4 

<A>= ~ ~a; (p) (p<X l A I q~) a13 (q) df Pdf" 
"· (3=1 

(in order to condense the notation we have put 

a3 =b4,a4 =b3). 

We arrive at the following relations: 

4 

e-<A> a" (p) /A>=~ ~ (p<X leAl q~) a13 (q) dr "; (7) 
(3=1 

4 

e~<A> a~ (p) e<A> = ~ ~at (q) (q~ le-A/ p<X) df q. 

(3=1 

If, for A we take the operator ( J-:;) if . M , 
{lv /lV 

where MflV is the four-dimensional angular momen-

tum for the representation (5), then (7) will de­
scribe the proper Lorentz transformations (6). 
Space reflections can be handled in a sin1ilar way. 

The transformation corresponding to a translation 
can be put in the form of Eq. (7), setting 

<A>= i<XP. P P. = i<XP. ~ Pp. {a +(p) a (p) + b+ (p) b (p)} dr. 

In addition to the Lorentz trans"forma tion many 
other transformations can be represented inthe form 
of Eq. (7); examples are charge conjugation, 
gauge transformations, etc. For instance, for a 
gauge transformation (with a constant phase a.) we 
must take 

__ <_A_>= i<XQ = i<X ~{a+ (p) a (p)- b+ (p) b (p)} df. 

l 
R. P. Feynman, Phys. Rev., 76, 749 0919). 

2 

Iu. M. Shirokov, Dokl. Akad, Nauk SSSR 94, 857 
0954); 99, 137 0954). 

Translated by E. J, Sale tan 
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AT present very little is known about the spin 
values of heavy mesons and hyperons. Some 

information can be obtained from a detailed study 
of the decay products 1- 3 • But even for the T-parti­
cles, which occupy the most privileged position 
among all the "strange" particles, there are in­
consistent data4,5. 

As "strange" particles cannot be transformed 
into "common" particles as the result of a strong 
interaction, they are not produced with large proba­
bility in reactions analogous to the reaction p + p 
t" d + 7T, by means of which it would be possible to 
determine the spin of one unknown particle. The 
reaction 

(1) 

which is analogous to the reaction rr- + d+. n + n, 
is not forbidden for slow scalar K-particles, as 
is was for rr-mesons, inasmuch as :2.- and p do 
not appear to he identical particles. Lee 6 has 
shown that the reaction (1) can he used for de­
termining the spins of the new particles. 

It is not difficult to see that for the same pur­
poses the analogous reactions with various other 
nuclei can be used together with (1), for example, 

K- + Hs ~I:-+ d, K- + He~~ I:- + He~, (2) 

(3) 


