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In analysing. the scattering of ·electrons on nuclein 
great hopes are connected with the so-called model-inde
pendent method (MIM) which is _ expected . to provide us 
with an "experimental" · ch·arge density distribution 
(ChaDD) including its .radial variations. However, along 
this line some difficulties appear. Thus, it is known that, 
first, MIM can be applied only when the precise experi
mental- data, especially at large momentum transfers, 
exist. For this reason, beginning from /!,2/, where MIM 
was. developed and applied to_ the Calcium .. isotopes. 13

/, in 
addition only four nuclei were successfully investigated in 
this manner ( 4 He I 41 , 12 C /5/ , 2~8Pb /61). Second, 
the results of MIM ,in principle, are rather dependent on 
the particular mathematical-procedure ·used,especially on 
a choice of the ChaDD trial functions. For. the present 
the set oi the Fermi~function . derivatives /I •21 , the 
Gaussian, the sine.and some other sets ofJunctions have 
been used in the MIM analysis. But. the resuits of these 
variants of MIM have never been compared for one and the 
same nucleus. Therefore even for the mentioned nuclei 
one cannot be sure· that the· obtained ChaDD, including 
just the indicated theoretical errors,may indeed be consi-_ 
dered as experimental ones. · 

However, whereas· MIM is in progress we would like 
to revive the interest to the traditional phenomenological 
method, where the simple forms of. ChaDD are used for 
comparison with·. experim'ents .. This method is known to 
give us the basic ·geometrical characteristics of nuclei 
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such as the mean-square radius, diffuseness and the 
shape of nuclear surface. The new aspect, to which we want 
to draw attention in connection with the phenomenological 
method, is that the . method can give us some additiona~ 
information .on general, but not particular, fe3;tur-~s. 
of ChaDDs, especially on some relative effects in inves
tigating subsequently the nuclei along wide region of atomic 
numbers, provided each· nucleus should be analysed with 
the help of the same ChaDD function. However, the mai.ii: 
problem. in realizing this idea in practice is an absence, 
up to now, of the same form of ChaDD for the whole group 
of nuclei investigated. Indeed, the Fermi type of ChaDDs 

·with realistic exponential asymptotic behaviour is usually 
applied· only to the· medium and heavy nuclei while the 
Gaussian type of functions with the nonrealistic asymptotic 
behaviour;'is used for the light ones. This is because the 
Fermi ~function of ChaDD 

;. . .. - -1 
p (r , R ) = p [ 1 + exp ...L1!.. ] · 

F . . 0 .. b (1)' 

lias the non-zero derivative· in the center of a nucleus. 
This fact is of large significance for the light nuclei, 
which have comparatively small radii and very developed 
surface. On the other hand it is not important for heavier 
·nuclei with larg·e radii when this derivative is approximate-
ly ~qual to zero: .· .. . · .. · . . . . .· :. . . 
' <Here we present the· results of joint phenomenological · 
arialy~is4 o! th.irteen20~xper~mental form :fu.ctors for. the 
nuclei He ·up to : Pb m the framework'of·the same 
(in other words, universal) so-calie(f symmetrized Fermi 
ChaDD:· . 

p . (r) =p [(l+exp~ )-1 ~:(1 +exp-r-.R)- 1~1]='b . shR,{, (~) . 
SF. ,o .. b . b · chR,{, +Chr/0 , • 
p 0 ~ ~ [1 + ( ~ '>2 ].-1 . . ..... · .: (~) 

. . ._77R . . :.•· . ·.. . 
This function has .many advantages 17 I. - · 

(i) For light nuclei. its behayiour inside of a nucleus 
is similar to the· Gaussian function; but for large distances 
·it has a realistic exponential behaviour according to the 
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quantum mechanics :requirement for. nuclei as finite sys
tems. For heavier nuclei (.R ·>>·1) itpractically coincides 
with the very known Fermi-fucntion (1) which many years 
was the most popular for analysis ·of experiments. 

· (ii) Despite the fact that for the. Fermi function the 
derivative is nonvanishing at r=O, ·the suggested function 
(2) has zero derivative at this point. This fact gives· some 
additional advantages. · · · 

(iii) Thus, the Born form fa.ctor and the mean square 
radiusare calculated now ill an obvious way/7/ · 

B( . ) 4 ~ bR p~ iT b . F q ':"- . . (cosq.R-:- -_ smqRcth77bq). (4) 
q sh 1T bq · · .R . . . · 

<r2 -~ 12 =R yl.:. ·v1+ L( 77 b )2. (5) 
. 5 3 R.· 

This result makes v.ery easy the calculations and. also 
understanding of physical features of· the process. For 
example, it is possible to see from eq. (4), that the posi
tions of the form factor dips (in experiment, the first 
one) are directly connectedwith the shape parameters of 
a-nucleus ' ) · 

tgq R =lLth 1rbq .. 
m 77 b · m 

-(6) 

· (iv) Then, using. the analytic properties of (2) one can 
calculate form factors in the high-energy approximation/8 •9~ 
expressing _the result through the corresponding residues 
in the pole points rn=R ± li7Tb(2n_+l); n=_1~,1,2, ... 
So this yields -exactly (if q > v k ) ) . · · ' 

.R 
. 2 

HE 4" bRp ·. 
F · (q}= - 0 D [cos(q.R+ell)-

q sh 1rb q 

- 77b sin ( q R + ell ) cth iT b q 1 ; (
7

) 
q . . . .. 

where the distortion effects are taken into account by the 
functions D (q)- . and ell (q) ~ •. which·are. expressed via 
those given in ref; / 10/. It was chacked /10/ · that the 
high' energy approximation gives the form factors for the 
medium. and heavy nuclei very close to those calculated· 
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when solving numerically the Dirac equation. Therefore, 
eq. (7) is v,ery conveni_ent in those physical investigations, 
V(here the neede(t accuracy is not petter than x2 = 3 . : per 
on~, experimental · point (when all Points are taken into· 
account) .. , . . . , . , . .· .< .· · 

· The result of a~plications·-of eq. (7) to' the known . 
experimental' data 11 7 . are shown iii the Figure; . The· 
corresponding· parameters are· given iii the Table. To com- . 
posite one can say the following: . · · _' " .. . . 

· (i} 'Beginning from .. 12 c both· tlie experimental and 
. . . . . . . . . . . . 1/3 

'theoretical (7) form factors, given in the scaleof _x=:'q eft A , 

where q c(" q ·cf ~- · 4Ze
2

11 
·-·-1-) tu~n o~t to be inva-' 

e 3<r2> 2 E 137. . 
riantsunderchanging q and A ,i.e.,F~x,q 9 A):F(x). 
An exception to this rule is 4 He and ·Li due to very 
important role .•of number surface· in the lightest nuclei. 
.. (ii) .In all cases an. agreement with experiments is .. 

achieved ·up to x < X.:o:: 7.7 fm-_1 ( ± 20% ) . . . Roughly. 
speaking, th·is. means that the ChaDD under .consideration 
correctly reproduces an,average charge density behaviour 
in the interior of nuclei and especially its behaviour near 
and out of the nuclear surface. 

Moreover, in more accurate consideration· it can iJe 
assumed that the quantity x o is correlated by a cha'racter
offilling ofnuclear shells. Thus, for·the. s-shell nucleus 
4 He·· we· have· x 0 • "':' 5~8·; for the p -shell nuclei 6 ·Li , 12 

C .. ;·;· 16 0 ·, :' x 0 ..,. 6.6 ·. Then; the nuclei 24 Mg and 28 Si .. · 
fill-the d -shell andhavethenearvalues x0 .-7.l, while 
the 32 S and 40 Ca fill the 2 s .,.shell and x 0;... 9.2 . 

· In this connection, it would be interesting to extend the 
measurements of the elastic form factors at large transfer 
momenta to heavier nucleL 

1 (iii) The .I'egion of q >q 0 . = 7.7A~ 13 fm - 1 may_ be 
called the reg10n of the large mom~ntum transfer~, where 
form factors become sensitive· to particul3.r features of 
nuclear:.strueture;~ in our case,:to the .radial variations of 
ChaDD in- moving step by step from one nucleus to another. 
For instance, an. appearance· of additional dips or dimi-'· 
nishing of· slopes ,in experimental ·form factors of 12 .~ + 4? Ca. 
at .X,= 8 fm ~I can be caused by the alpha-cluster: nature. 
of these nuclei 112 / . · · 
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Form factors of nuclei calculated with the help of eq. (7) 
for symmetrized Fermi charge density distributions (2). 
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Table 
The parameters of the fitted symmetrized Fermi charge 

density distributions. 

-----------------------------
R b Rrms 

----------------------
4He 1.2)8 0~)80 1.708 

6Li 1.)64 0.620 2.5J5 

12c 2.214 0.488 2.496 

160 2.562 0.497 0.711. 

2\fg 
:, rr 

2.9)4 0.569 J.105 

2851 ).085 0.56) J.t75 

J2s ).255 0.601 J.J70 

40ca J.556 . o. 578 J.49J 

56 Fe I 4.054 0.600 . J.85J 

58N1 4.15) 0.566 J.844 

66zn 4.200 0.66). 4.081 

116sn 5.486 0.561 4.7J4 

208Pb 6.557 0.515 5.427 

---------------------------
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