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R ADICATY 1 has calculated the accuracy of the 
isobaric spin T for the lightest nuclei on the 

assumption that the inaccurac;y of T is caused by 
Coulomb forces alone. We have carried through 
analogous calculations for nuclei with l d and 
l f 712 shells. These calculations, which followed 
the method of Racah 2 •3 , are characterized as fol

lows: 
l. The matrix elements of the Coulomb interac

tion can be of several kinds. 

7£ is the operator of the z component of the isobaric 
spin; ( u) is the symbol of the irreducible repre

sentation of the symplectic group 3 ; MT = l/2 
x (N- Z) = l/2( A- 2Z ); t is the nucleonic 
configuration of the unfilled outer shell. The in
accuracy of the isobatic spin of the lowest nuclear 
states which is associated with matrix elements of 
this form is 10-4 - 10-6 (squares of the amplitudes 
of the additional terms) and is relatively inde
pendent of configurations and types of coupling 
( LS or jj coupling). 

b) Proton density of distribution in a closed 
spherically symrr,etrical shell. P ( r) denotes the 
combined density of protons in all closed shells. 
Neglecting exchange interaction 4, we can repre
sent the Coulomb interaction operator of nucleons 
in the outer unfilled shelJ with the filled shells as 

~f (1/ ) f 2(' P(r)do; 
~ i 2-'ti, i=e Jlr-riJ. 

t 

A matrix element which is nondiagonal with respect 
toT: 

vanishes because of the well-kno\<1/n orthogonality 
of the genealogical coefficients 2•3 • This con
clusion is not changed ""hen the exchange inter-

action is taken into account and the matrix ele
ment is written in rigorous form, using the formulas 
given by Elliott and by Janagawa5 • 

c) ((NitT (cr) JMr I 
X f (1/2- 'ti)fi I (Nit-1 (N;) T' ( cr') JMr) 

N and N' ard nonidentical principal quantum numbers 
of the states of individual nucleons. These matrix 
elements are the most important. 
· 2. The calculations were carried through with 
oscillator wave functions, whose parameters were 
determined mainly by the differences in the binding 
energies of mirror nuclei, assuming charge inde
pendence of nuclear forces. The values of the 
parameters were obtained analogously in Ref. 6. In 
particular, we used for Scg: v-Y, = 2.0 X 10-13 em, 

for F~8 : v- 112 = 1.7 X w- 13 em, for Li~: v-Y, = 1.4 

10-13 h . x em, "" ere v 1s a parameter in the wave 
function; for :rxample, for the l s state: tfJ 
= const e--v r I 2. 

Calculation of matrix elements (c) gives the 
following values of the square of the amplitude of 
the added term for the ground states: 

Nucleus u: 
a.~., = 5-10-5 

T=O, 

p18 
9 

4-10-4 

T' = 1. 

These values are typical for nuclei of the corre
sponding shells. 

Extensive experimental data are available for the 
lightest nuclei7-9. For nuclei with a 1[712 shell 
there are almost no data. Some conclusions how
ever, can be drawn from the following fact. The 
resolved f3-transitions in odd nuclei with a l f 

7 I 2 
shell between the states f. =/f. = 1. = 7/2 are 

In In 

divided into two distinct groups: for non-mirror 

transitions (Tin= T fin ±l ): lgft =5-6, and for 
mirror transitions ( T. = Tf. ): lg ft "' 3 5.Examples In lD } 4 • 

are: 

Ti2t23 (R+) Sc24ls.. lg jt = 3,4,· Ca45 (R-) S 45 1 jt - 9 ~"' 20 ~-" c21: g = ;:J, • 

Without attempting to explain this fact, whose 
causes are still unknown 8 , we shall note that the 
existence of such a clear difference between the 
values of ft for mirror and non-morror transitions 
enables us to say that the squares of the ampli
tudes of the added terms for the isobaric spins 
does not exceed a few percent; otherwise, the 
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difference in ft for the two groups n1entioned "'ould 
be smaller. 

A direct experimental check of the accuracy of T 
for nuclei with a l f shell is difficult since 

7/2 
nuclei with N = Z or N = Z ± l are unstable. For 
this purpose it will probably be useful to study the 
reactions ( y, n) and ( y, p ) 9 . 

Our examination shows that whenever the outer 
neutrQns and protons are to be found in the same 
shell in a stable nucleus, T is a good quantum 
nun,ber. 

When we pass from nuclei with a l f 1 shell to 
7 2 

heavier nuclei, we find that the outer nuetrons and 
protons in stable nuclei are contained in different 
shells. For such cases the proton and neutron 
shells are considered separately and the isobaric 
spin is not used as a quantum number. This is 
easily understood, since one cannot speak of the 
"accuracy" of T for these nuclei. 

The fact that T is still a good quantum number 
for nuclei which contain a large amount of Coulomb 
energy is associated with the character of the 
coulomb forces: these are long-range forces, so that 
the nondiagonal matrix elements are smaller by 
one order of magnitude than those matrix elements 
which are diagonal with respect to T. In the 
limiting case of an infinite range for the forces the 
nondiagonal elements (in T) would vanish because 
the Hamiltonian would be symmetrical with respect 
to permutations of the particles. 
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TilE integral of the collisions of neutrons with 
the nuclei of a moderator 1 can be written as 

u 1 2Tt 

~~du' ~ dfL'~ d~'fao(u-u')A:~~:~ 
"' 0 -1 0 

"' 
11 

K -----o du'f (u-u')--" ~ A (u') 
" " 0 A" (u') 

0 

1 

X ~ d11-' K" (fL, fL', u- u'), 

-1 

2Tt 

!3" === ~ a W --[3) dW, 
0 

(l) 

(2) 

(3) 

(4) 

where tjJ is the distribution function for collisions 
between neutrons and moderator nuclei (see, for 
example, Refs. l and 2 ), u. is an index which desig
nates individual elements with mass number M ex 
contained in the moderator, t? and {3 are the spheri-
cal angles of the vector cu = p/p (where p is the 
neutron momentum and r is its radius vector), 
u = ln (2m E /P 2 ) with E 0 as the initial neutron 
energy and m as the neutron mass, A ex is the partial 
neutron n,ean free path allowing for inelastic colli
sions with nuclei of mass Mex, and A is the total 
neutron mean free path in the mediun,, 

(5) 


