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The most fundamental dimensionless quantity characterizing a
nucleus is the mass number A. The reciprocal.of the cube root of A
is related to'thé ratio of the range of nuclear forces to the nuclear
radius. The limit A-l/3<» 0 represents the case of 'nuclear matter',
énd nuclear theory may be formulaféd as a Taylor expansion in perrs

of A_l/B. This leads to the following hierarachy of effects: -

Order Typical energy ' Effects
‘ A 3000 MeV » Volume effects
A2/5 600 MeV ' Surface effects
Al/5 S 50 MeV o Curvature and Compressibility
0 : s .
A 5 MeV Single-particle effects.

A large part of nuclear spectroscopy and nuclear reaction theory
- operates at the level AO. Most of nuclear many-body theory operates
at the level A. The present work is concerned with a simple nuclear

“» 7' model which aims at describing approximately but comprehensively all

) . - effects short of the single-particle level, 1l.e. all average nuclear
W ‘

properties that do not depend on the discreteness of nucleons. The
""""" tool for constructing such a nuclear model is the Thomas-Ferml treatment,

identical in its assumptions and range of validity with the Thomas-Fermi

théory of atoms (taken withbut the gradient correction).
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,Ouf“treatment“folldws closely that of Ref: 1. The nucleon-

nucleon interaction is assumed to be a phenomenological Yukawa force;

&~
.

 In order to ensurevsatﬁration its strength is assumed to decrease with
increasing relative momentum [51 - 52!‘ of the particles, changing sign

at a critical value P,

‘ . exp(~r,./a
V(ry,) = =c(1 - [3, - 3,134 —x—i—(—ﬁ—/——) .
, | : | o 12 . :

. The strength parame£er .C, range a, and p, are adjustable
'vparameters of fhe theory. The;total énergy of a Fermi gas of particles
.(with. N=2 and no'Coulbmb energy) interacting according to the abové
law of force was ﬁade Stationary with respect to wvariations in the
density distribufion of'nucledns. This led to a Thomas;Fermi (integra%)
eqyaﬁion which was solved by itération; The parameters C, a and pc}
were adjusted.to reproduce the binding and density of nuclear matter
as weli as the nuclear surface tension, as gi&en.in Ref. 2. (C = 328.7 MeV,fl
o a.='0.6256 fm, ,pcz/é (nucleon mass) = 82.03 MeV.) ThrgeAekamples of the _
resulting dens;ty distributions are shown in Fig. ;. Note that an
'I(uncharged) medium—weighf nucleus wéuld have a central density higher
~than either a véry heavy or a ﬁefy liéht nucléﬁs. Note also the asymmetfy :

. : .-
in the dénsity fall-off in the surféce:v a slow (approximgtely exponential) )
apprOach-to thé central density but a short-tailed approach to zero ' Qy.?
denSityf_ Séme idea_bf the degree éf réliability of the presenﬁ treatment |
is provided by the prediction of a ten-to-ninetx skin thickness of 2.00 fm;

approximately the experimental value.
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In Fig. 2 the nuclear energy per particie is plotted as a func-

tion of A-l/3.:'Theiequation for the energy was found to be (in MeV): .

E= -15..677 A + 18.56 'A2/3 ¥ (28.74 - 19.42 - 2.5l+)Al/5 - 12.3 A . -Q-_ .

The last number in the coefficient of vAl/b is the compress-
ibility correction due to the squeezing of the nucleus by the surface

tension. (The incompressibility coefficient Ev" predicted by our

. theory is 295 A MeV.) The sum of the other two coefficients of Al/5

is the curvature correction. The first represents the effect of the

increased eprsure (fewer neighbors) for particles close to the curved

_surface, the second'that of the reduced number of exposed particles

per unit area of the curved surface. The net result is a predicted

increase in the surface tension of a curved nuclear surface by a

r_factor 1 + 2k, where x 1is the total curvature and £ is 0.303 fm.

Note in Flg. 2 the close representation of the energy per particle,

down to A=~ 4, by the volume and surface energies alone (indicated

by the straight line).

| | The nuclear Thomas-Ferml equation for & mixture of neutrons
énd charged protons (with N # 2) may also be solved (see Ref. 1).

fhis introduces a fourth parameter, related to the symmetry energy
coefficlent., We are in the process of working out the detailed

consequenceé of this theory.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process. disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






