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factors can be a symrretric function (anti symmetri
zation of a function which is symmetric with re
spect to even two particles gives, a vanishing re
sult). Thus no factor can be 'P~ ,( 1, 2 ), where 

] ' is· odd ( j is a half integer). 
The operator of aM 1 transition is a pseudo

vector operator; therefore, the matrix element 
vanishes for a transition between a state with the 

wave function 'P~ ( 1,2) and a state with the wave 

function '1'1 : ( 1, 2 ), where]', as we have seen, can 
M 

only be even. This simply denotes that transitions 
with ~ v f. 0 are forbidden. 

It is expedient in practice to investigate experi
mentally the satisfaction of the selection rules for 
v only for nuclei which are heavier than Ca~g, 

since nuclei between 0~ 6 and Ca~g evidently do 
not possess a shell structure, l d and 2 s con
figurations are highly mixed. 

In particular, for nuclei with a 1[712 shell 
these experiments can determine whether jj or 
intermediate coupling takes place 5 and whether 

collective interactions are significant. v will be 
a good quantum number only when j- is a good 
quantum number and collective effects are unimport
ant. .Experimental investigations of the accuracy of 
v are naturally performed through experimental in
vestigations of the accuracy of j 6. 
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THE rr:ost reliable data on the energy and the ab
solute yield of y-quanta emitted by nuclei 

upon thermal neutron capture have been obtained 

by Kinsey's group 1 and by the Soviet scientists 
Groshev, Ad'iasevich and Demidov 2 •3 . In Kinsey's 
work 1, only y-rays with energies greater than 3 mev 
were detected while in the work of Hef. 2, the spec
trum of y-quanta with energies greater than 0.3 rnev 
was investigated. Meanwhile, measurements car
ried oul ~ith the help of scintillation spectro
meters ' proved the presence of discrete lines 
in the low energy part of the spectra. The authors 
working with scintillation spectrometers were not 
able to determine the absolute intensities of the 
observed lines. 

In the present work, the energies and absolute 
intensities of y-quanta with energies of 50 to 600 
kev emitted by I, Hh and Co nuclei during thermal 
neutron capture were determined. In the work, a 
scintillation spectron,eter was used with a Nal 
(Tl) crystal of cylindrical shape (height 9 mm, 
diameter, 28 mm ). The resolving power of the 
spectrometer, Tf• depends on the energy of the y
quanta ( E ) according to the law 

y 

-'/2 5 "f)=186 Ey + 2. , (1) 

where Ey is expressed in kev and TJ in percent. In 
experiments carried out with radioactive emitters 
having monoenergetic y-ray spectra, the efficiency 
of the spectrometer f<J>, was determined, enablinb 
one to convert the area of the photo peak to the 
number of y-quanta falling on the Nal ( Tl) crystal. 

A heavy water physics research reactor6 was 

used in this work as a source of thermal neutrons. 
A well-collimated beam of neutrons came out of a 
horizontal channel in the reactor shielding. A 
target of the materia! being investigated was lo
cated in the center of the beam. ANal ( Tl) crys
tal and a photomultiplier tube were placed under the 
target, and were carefully shielded with lead and 
with boron carbide . A channel of 10 or 15 nnn 
diameter, used as a collimator for y-rays coming 
from the target to the N al ( Tl) crystal, was located 
in the spectrometer shielding. The aperture of the 
y-ray collimator was covered with boron carbide of 
0.3 grn/ cm 2 thickness, blocking the passage of 
thermal neutrons scattered in the target. 

In the measurement of y-rays from the capture of 
neutrons, measurements were made with an open 
beam of thermal neutrons, N 0 , and with a beam of 
neutrons filtered at the exit of the neutron colli
mator by a B4 C shield (N 1 ). The effect of thermal 
neutrons in the target N is equal to the difference 
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between these two values: 

N=N 0 -NI: 

The photopeaks of softy-rays in the spectra of 
the targets investigated that are emitted by nuclei 
as a result of thermal neutron capture are seen on a 
background of impulses from harder y-quanta. The 
presence of this "base" limits the accuracy of the 
determination of the areas of the photopeaks. In 
order to lower the background due to hard y-quanta, 
the study of the low energy part of the y-ray spectra 
included measurements of the absorption of the y

quanta in lead. In such a way, the y-ray spectra 
absorbed in thin lead filters were measured. In 
these spectra, it is possible to isolate the desired 
photopeak area with certainty; this area is directly 
related to the intensities of the measured y-rays. 

In order to determine the number of y-quanta of a 
given energy resulting from the capture of one neu
tron, it is necessary to know the neutron current 
falling on the target as well as the solid angle sub
tended by the target relative to the Nal ( Tl) crys
tal. With the goal of measuring these quantities 
experin1entally, we replaced in the neutron beam the 
target being investigated with a B 4 C target, similar 
in shape to the target of the material being investi
gated. The B 4 C target completely absorbed the 
thermal neutrons falling on it. Comparison of the 
area of the photopeak from 482 kev y-quanta, 
emitted by a B 4 C target, with the area of the 
photopeak arising from the target of the material 
being investigated permitted determination of the 
emission of y-quanta during capture of a single 
neutron. Here use was made of the absorption 
cross section for thermal neutrons 7 and the experi
mentally determined efficiency of the scintillation 
spectrometer. The results of measurements on I, Hh 
and Co are presented below. 

During the measurement of thermal neutron cap
ture, y-rays from I nuclei, y-quanta with energy 
E = 135 ± 4 kev, not apparent earlier in the work of 
other authors 4 •5 , were observed. The results of 
one of the experiments with an I target are pre
sented in the Figure. The photopeak of y-rays with 
135 kev energy is clearly seen. The intensity of 
these y-quanta per 100 captures of thermal neutrons 
was n = 30. The accuracy in the determination of 
the absolute yield is 15%. On the Figure, to the 
left of the principal photopeak, there are seen two 
small instrumental peaks. In addition, a photopeak 
from y-quanta of energy 510 kev is noticed in the 
spectrum of the y-radiation from an I target. It is 
possible, however, that these quanta have ~second
ary origin. Gamma-quanta with an energy of 255 

kev, observed in Ref. 5 on the reaction I(n,y }, did 
not appear in our measurements. 
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FIG. They-ray spectrum from Iodine, 
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Four discrete lines, with energies E 1 = 217 ± 4; 
E 2 = 176 ± 4; E 3 = 133 ± 4; E 4 = 96 ± 4 kev, and 

with intensities (for 100 captures of thermal neu
trons) respectively equal to n 1 = 9.3, n 2 = 18, n 3 

= 8 and n 4 = 16, have been observed as the result 
of the measurement of the y-ray spectra emitted by 
Rh nuclei upon thermal neutron capture. The ratio 
n l /n 4 is determined with an accuracy of 15-20%. 
The hnes found cannot be connected with the ac
tivation of the target, since they differ in energies 
from the y-quanta from the isomer Rh 104 8 • In the 

work of Hamermesh and H ummel 4 , y-quanta of 
energies 80 and 160 kev found in the y-radiation 
from radiative capture of neutrons by Rh nuclei, 
were assigned in error to target activation. In 
this work, it is probable that the most intense of 
the y-rays registered by us were detected. In the 
work of Kinsey and Bartholomew9, the energies and 

intensities of the hardest y-quanta emitted upon 
slow neutron capture were measured. On the basis 
of these data, it is possible to establish the ener
gies of the low-lying levels of the Rh 104 nucleus. 

The y-lines found by us correspond to transitions 
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between these levels. 
Gamma-quanta with energies E 1 = 276 and E 2 

= 226 kev and approxin,ately equal intensities ~f 
about 20 y-quanta per 100 neutron capture have been 
uL:;erveJ in the me asurerr,ent of the spectra of the 
y-rays from the radiative capture of thern,al 
neutrons by Co nuclei. The energies of the y-quanta 
E 1 and E 2 are in at,'Teement with the data from the 
work of Heier and Shamos 5 • 

In conclusion, the authors thank A. M. Safronov 
and the association of co-workers operating the 
physics reactor for their help in the work. 
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T HE author has attempted to overcome the well
known difficulties of contemporary relativistic 

quantum field theory which result, first, from the 
appearance of irremovable infinities in many "un
renormalizable" variants of the theory (among 
which are evidently all variants with an interaction 
Hamiltonian which either. consists of the product 
of more than three field operators or contains the 
derivatives of these operators) and, secondly, from 
the divergence of series that are obtained after the 
elimination of all infinities in the "renormalizable" 

variants (particularly in electrodynan.ics ). 
It would seem that the explanation of these diffi

culties must be sought not in a deficiency of the 
theory itself but in a short-coming of the method 
that is used to solve the equations of the theory 
(the Lomonoga-Schwinger equations), namely, the 
perturbation method (the decomposition of the de
sired solution in a MacLaurin series of powers of 
the field binding constant g). In other words, the 
series which is obtained forrr.ally in the course of 
the solution, because of the illegitimacy of this 
very expansion within the framework of ordinary 
mathematical analysis, does not provide the de
sired solution in the usual sense of a sum (the 
limit of the sum of n terms as n .... oo )*. 

It can reasonablv be asked, however, whether it 
is possible in som~ manner to derive from the 
formally obtained series the solution which was 
improperly expanded in this very series. In other 
words, what mathematical operation should be under
stood by the "sum" of the series so that this 
"sum" would give the solution formally expanded 
in the series even when the ordinary concept of a 

sum leads to an obviously incorrect result (=."" ). 
If the S matrix S ( g, p) of a process is selected as 
the solution of the quantum equations (where p 
denotes the set of momenta of "real" particles), 
then, assuming that this S matrix is an analytic 
function of p, our question can be answered by 
introducing the following generalizations of the 
usual concept of the sum of an infinite series, 
which satisfy general axiomatic requirements (see, 


