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WITli the help of the Thomas-Fermi model, a 
relation is established between the spatial 

distribution of particles p (r) and the distribution 
of the angular momentum n (L) giving the number 
of particles with a given angular momentum L 1 

From the condition n ( L ) = 0, p (r) being known, 
the numbers of particles Z 1 can be found for 

which l-states occur first, and the mean square 
of the angular momentum 2 can be determined as 
well. The latter can be written in the form: 

co 

5 ~ p '/a (r) r~dr (1) 
S= --~o-------,~ 

[ 3 r p (r) r 2 dz l'· 

Knowing p ( r ), j} can be found. In the case of a 
nucleus, however, p (r) of nucleons is not well 
enough known. Then, vice versa, from the empiri
cal data about the first appearance of odd protons* 
in states with l = 1, 2, 3, 4, 5, ... for Z = 3, 9, 
21, 41, 71, ... we can obtain information about 

p ( r ) 3 - 5 (strictly speaking, for nuclei with Z 
close to Z 1 ). Information about p ( r) for nuclei 

with any Z can be obtained, in principle, from the 

comparison of L 2 calculated from Eq. (l), with 

the empirical data for L 2 found from the 
scheme of level filling according to the formula 

("li = 1). 
(2) 

The most acceptable scheme of level fillin~ of odd 
protons and neutrons is the following one 6 ' : 

is j2p.1, l2p,1,/3d,1, i 2s3d,1,J4t,1,J3p! 4J,1,! 5g,1, \4d,,',• 5g,1, \ 3s, _4d,1, J 

2 (6)? 8 14 20 28 34 40 :so 64 (70)? 

6h 111 ,/5J,1,, 6h,1, 
82 

i 4p,1,, 5J,1,, 4p,1, j 7i.,1,J6g,1,, 7i1112 , 5d,12 , 6g,1,, 4s, 
100 (112)? 126 

{3) 

5d,1,, 8j"f, i ... 
(184) 

The scheme {3) is (in the section 126-184) an 
extrapolation of the Meyer-Jensen scheme. Com

pairing LZfromEq. (l) withL;mp fromEq.(3) and assum-

ing a certain p ( r), we can find a relation between 
the parameters of p ( r). Taking as the simplest 
p ( r) a constant density distribution within a sphere 

of radius R, we obtain~= 1 and L2 = 0.8852 213 

-2 
much larger than L . On the other hand, lower-

emp 2 
· L 2 1 · h d · -br -w mg resu ts m t e ens1ty p {f or p 0 e 

( ~ = 0.4 72, L2 = 0.418 Z 213 ). The density giv
-'2 

ing the correct L should therefore be in betv.een 
d -CJ.r a constant an p0 e . 

The density distributions dependent on one 
parameter result in constant values of S and 
cannot be in agreement with empirical L 2 fcr 

all nuclei (see Ref. 5 ). Taking the· effect of 
nuclear density saturation into account and neglect
ing for the time being the influence of Coulomb 
forces, we shall assume the nuclear density to be 
constant in the central part of the nucleus and 
falling off on the periphery. This condition is 
met by the following density distributions5 ,8, 9: 

(I) X - {p~l) (X~ Xo) 
p ( ) - P&l). e- (X-.1:o) (x > Xo). 

(II) Po • { 
(II) 

P (y) p~l) (Yo I Y) 2 e-<y-y,), 

{4) 

(x = rxr, Xo = rxR(I)). 
0 ' 

(5) 

(Y~Yo) 

(y >Yo), (y = ~r,y0 = ~R~IIJ). 

The parameters x 0 andy 0 represent here the ratio 
of the radii of the region of constant density R(~) 
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and R (~I) to the effective thicknesses of the 

surface layer 1/ a. and 1/ f3 . 
-2 

From the requirement of agreerrJent between L 

calculated for the densities (4) and (5) and L 2emp 

we have found the values of x 0 and y 0 

for different Z. The resultant dependence of x 0 

and y 0 on Z has a saw-tooth character ( see the 
Figure, curve I ) analogous to the dependence of 

L2 on Z 'according to (3). In view of the fact 
emp 

that y 0 changes in a relatively smaller range than 
x 0 , pOll (r) should be given first choice. The 
parameters x 0 andy 0 rise in the regions of com
pletion of tie levels 3d512 , 4{712 , 5g912 , etc., 

attaining maxima for nuclei with magic Z, which 

corresponds to the relatively thinner sm-face layer 
in. magic nuclei. Additional maxima of x 0 and y 0 

appear as the result of the completion of the 
levels 5g 712 , 6h 912 , 7i 1112 • · /<N=64, 100,"-150, ... ). 

We note that the above treatment is ap-
plicable only in the case of spherically synJinetric 
magic nuclei. The parameters x 0 and y 0 can, 
however, be correlated with the effective thickness 
o£ the surface layer, obtained by averaging p (r) 

over the angles in real (generally) deformed 
nuclei and therefore, with the qualitative values 
of the eccentricity of the nuclei, found from the 
quadrupole moment (see Figure, curve 4 ). Thus, 
the minima of x 0 andy 0 correspond, in the region 
of heavy nuclei, to the most strongly deformed 
nuclei. 
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FIG. l. 

It is interesting to note that the values of x 
- 0 

and y 0 found from L 2 and the numbers of first 
occurrence of Z 1 for identical nuclei (see Figure, 
curves 3 and 4, respectively) do not coincide. 

This is connected with the fact that L 2 , in 
emp 

contrast to Z 1, is determined by all completed 
states for given Z. Taking into account that the 
scheme of level filling is not finally established 
and bearing in mind the statistical cha-acter of Eq. (1), 
~he obtained values of x 0 andy 0 should be 
regarded as qualitative only, expecially fa non-

magic nuclei. 
Disregarding other details, we shall determine 

the remaining parameters p 2 (r) of ~he protons (4) 
and (5) using the empirical Coulomb energies of 

nuclei 10 . Taking the mean values x 0 "" 4.8 and 
y 0 "" 1.8 (for Z > 20) and assuming p 2 (r)/ p N(r) 

= Z/N, we obtain 

R~1i = 0.92x10-13 A ''•; (6) 

R~~> = 0. 7i>lc1Q-ta A''·· 
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On the basis of nonuniform density of nucleons, 
of the type (4) and (5), we can analyze the effective 
empirical nuclear radii, finding the mean values 
of different powers of r from p (r), on which the 
various effects depend-"';" Thus, the mean value of 
r 2 from p (~) (r) is 

R~ll) = 3/5 [ (yg + 5y~ + 10y0 (7) 

+ 10) I y~ (Yo + 3) J R~ ~I)· 

F .. d' I d' IR 200 1y, f th m mg t 1e mean square ra IUS. z or e 
averagey 0 ,1.8 and introducing the equivalent radius 

of constant density proton distribution that gives 

the same {r2 }y, ( R z = ( 5/3 )y, { R1:l 1 121, we find 

R(ll)"" 1 21x.10-13 A'l. z - ' (8) 

in good agreement with empirical electromagnetic 
nuclear radii 11 . · 

Since for the densities (4) and (5) the nucleon 
density differs markedly from zero at distances 

. 2 l0-13A1/3 d larger than R Z "' l. x one can un er-
stand qualitatively, on the basis of the exan1ined 
p (r ), the considerab)>; larger values of nuclear 
radii ( 1.5 x I0- 13 A 1 3 ) obtained from the cross 

section in processes in which nucleons (and evi
dently IT-mesons) take part and data found from 
[),.-decay where the effective radii are connected 
with the region of action of nuclear forces. 

If we shall assume the same p (r )[(4) and (5)] and 
the same level scheme (3) for neutrons, the corres-

ponding parameters x and y N for p (r) will be 
ON 0 Z 

correlated with N as x 0 andy 0 with · 

P (II) }1/3 d h Finally, we note that both Rz an t e 
effective radii 

R(ll)- R(II) + 1!"' - (1 + 1/y ) R(Il) z - oz ... - oz 0 z 

will cl:>ange nonmonotonically because of the saw
tooth like change of y 2 . Magic nuclei will have 
~ y, ._ 0 

lower I R l ' and R Z. Therefore, the relative 
drop in th~ value of the radius should be more 
pronounced for the doubly-magic nuclei. The ef
fective empirical nuclear radii show also relative 

f . d b . l ' 12 drops or the magic an some su -magic nuc ei 
Such nonmonotonic character of the effective 
nuclear radii can be regarded as caused by devia
tions from spherical symmetry. 

I wish to express my thanks to Prof. D. D. lvan
enko and N. N. Kolesnikov for the discussion of 

.the problem and valuable remarks. 

Note added in Proof: For the density of the form 
p ( r) = p [ I + e K 'f-c) ]-1 the parameter Kc cal-

z 0 -
culated from L for Au (Z = 79) is in sufficient agree-
ment with the value Kc = 12.0, for which best agree
ment between theory and experiment is observed for 
the cross section angular dependence for the scattering 
of high-energy electrons on Au79 nuclei 13. 

* In the following, dealing with protons, we shall 
keep in mind that unless otherwise mentioned, the re
sults are valid for neutrons as well. 

* * The parameters x and y were determined from the 
0 0 2 

numbers of first occurrence and the r also in Ref. 7. 
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I N recent years, it has Leen made evidentl-3 

that hyperons and K-mesons can Le created by 


