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Regularities im the ﬁhﬁnge of Binding Enmergy

ef Nucleens im Nuclei

V. A, Eravtsow

By 2 eomperison, based cn expsrizental date, of the binding energies of
the “last” mucleous in s mucleus, we pruviously' esteblished the existence
of the following regulerities: {a) the binding energy of the lest meutzoa
increases with the number of protons in a nucleus and decresses with the
uwumber of nestrons in e nucleus; (b) the binding enmergy of the last proteon
incresses with the number of neutrons in a nucleus uddocmammththe
mamber of protons in a meclevs. In a paper published later, Way =ad Wood
described these regularities, but only for heavy muclei. Improvement of the
experimentel velues showed that there are #3 yet no exceptions to these reyu-
larities snd thet they are, therefore, probably universal. In our previous
woRX, we have shown thet the change of binding emlergy is greatest for light
suciel and decreases gradually as we go to heavier muclei. 4

The changes in binding energy of nucleons were also studied quantitatively.
The binding va-rgies of the last nuclauu vere taken from binding energy
t.nblu compiled by the present suthor on liie besis of mess- -ectrograghic

ate, energies of miclear reactions, emergies of radicactive trane-
fom, uc! other experimental data. These tables were based on experi-
mental materiel published bafore July 1, 1952, The part of the teble whick'
deals with hesvy nuclei hes been published by the present euthor.®
Thase experimental binding emcrgies were used to compute the average in-
erease in the binding enmergy i, of a nevtron caused by the addition of a
protoa to the nucleus, and the aversge increase in the binding emergy ip of
" & proton ceused by the addition of 2 aeutron to the mcleus. The values i,
and iy were found from the formulas

ty{Z + K, N)— 65, (Z, N)

i8'= K y ;
; 1
ip"—'ﬂ C'(Z,N-}-;(%--@”(Z,l\’) i

wheze c,.(z,m axd ag,(l N) are the hinding energies of the hst pura
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instance, Egn. (12) end (13) in reference 3.
Fig. ! chows the hyperbola
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d Fig. 2 the hyperbola
b= (3

the points sre the experizwmtal values. »
Ve see from Figs. ! and 2 that the curves corraspond very sstisfacterily
%o the experimentel points.
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Fig. 2.
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wgycfthen&tmd, caused by the addition of one neutron
themclm, mﬁﬂntmmgedecmecfthebmdmgmgyai a protorn
exwped by the additicn of one proton to the mucleus, The values d, snd
weve computed from the formsles

e {Z N (Z,N+K)
dﬁ" m ’

M&M—z?(li-&ﬂ)

@n ‘séi

(4)

é;-
Sicoe the decrease in binding ensrgy of the protons with imr&:im musber
of protons in the mucleus depends not on!y on the nuclesr forces but also

ou the slectrostatic forces, we computed the chunge of the electrostatic
emeigy B, from the formia

& .
gglﬁ-;*, (5)
[
T ¥ | S S T i HBEY %
i = e Fhm el i -.-,......, ...m.gn, fp 18 The radius of

the micleve cﬁiwlnted from the formia

fn""’i‘/—h . (%)

Mdia%mmméreuammb&mwbel38*30""
umﬁﬂmmmtai data in refemo 4.
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~ the chazge indspendence of the binding energy

and Fig, 4 the cupve
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‘the pbints ave the expeviméutel values,
The agresment of che vieperisental pokwmtht&m{sw&rm
~in PFigs. 1 end 2, but is still suvisfactory. Fig. ¢ obows that the elactro-
static corrsction improves the distribution of
the points. If the suclosr radive r_ incressed
#o9e slowly than sccording to (3'), i.e., if
the &‘u..i:y of heavy muclei were greater than
thet of light muclei, the excerimental pomt.s
in Fig. 4 wouid be closer to the curve,
Egs. (2) and (3}, on the one hand, and (6}
ed (7}, oo the other, show to & certain degree

of the nucleons in the nucleus. In order te
achieve this chazge independence, it is suf-
ficient thet the muclenr intersction of protoms
with proteas (p —p) be identical with the
interactisa of neuticas with aeutrons (u-n).
This does not contradict the conclusions drewn
frem experiments Of Lhe scattering of protons and neutrons in references §
aad 6. indesd, scattering experiments show that the neutron-proton inter-
action at high esexgies (> 30 Mev) is somewhat di.ferent from the protea-

Fig. 3.

proten interaction. But these data give no statement ebout 3 difference
W between the p-p and n-n interactioms,
ah , ibe binding energy of a nucleon is
! ' the effactive energy of intersctioe of

£ the wimle nucleus with the aucleon and
- thereiore depends on many factors. This
eergy depends not only on the nuclear
force law, but also on the state of sli
the nucleons in the mucleus, i.e., on-
orbital angular momente, symmetry, spins,
and so forth. Still, the existence of
such a simple dependence yives us grounds
to suppose that it is caused by & basic
6 ; & factor, possibly by the lew of nuclesr

- experimontal velues forces. The deviations of the experimen-
fhﬁa amnul — effgi tal poiats from the curves have the same

g the correciion
clectrastatic had 2 L order of wimde es the emu, but
Lo -‘ :}-.:-;. mevaT L T _

pieiied 1n a dufierent wiy. In Fig. 4, in panteular, we can see clearly a
shazp pesk of ewperimeatel poiats at N = 126, which can be m:lumd only
by tha effect 0£ the closing of tie proton-neutron sheli in the vicimity of
the mucleus mi’b . On the other graphs, irreguleritics aisv seem to sppear
iz the same region. Thus, the chells affect very little the dependences
describad by Es. (2, (3) (6), an. (7).

The analysia of experimental regularities preseated here and its further
refingment should be contimued se nsw, wors precise experimentsl date become
mi.luble. Every theory of nuclear forces end theory of muclear structure,
with the explanation of other facts, will also have to account for these
atiple reguiantien.’
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