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Abstract

Equations have been derived, expressing the information
content of the atomic nuclei as a function of the mass number,
the number of neutrons, and the isodifferent number, Some
possible applications to the nuclei systematics and the stu-
dy of the analogy between nuclear and electron siructure have
been shown. A correlation has been found between the informa-
tion content and the binding energy of the isodifferent ato-
mic nuclei,

1. Introduction
Any system possessing a determined strueture contains
some quantity of infarmation, The information content of dif.
ferent systems is usually determined by the Shannon’s enua-
tion 1:
1= -7 pilo8,p, bits/element (1211

where T is the average quantity of information in bits, cor-
responding to an element of the examined system; Py = N1/N
is the probability of a randomly chosen element of the exa-
mined system, consisting of N elements, to be in a definite
(i-th) group of elements, N, in number,

The "structural"” information of the nonliving systems
(molecules, atoms, atomic nuclei) introduced by egquation
(1.1) plays a role of an additional statistical characteris-
tic connected with the degree of complexity of the systems,



o Ly

This makes it particularly useful for different classifica-
tional aims, as well as in establishing analogies between
systems of different nature.

No data is available in literature for information in-
vestigations of atomic nuclei, However, there are no princi-
ple obstacles for such investigations, since atomic nuclei
possess a determined structure, and they are constructed of
two distinct types of structural elements - protons and neu-
trons,

In the light of aforementioned the aim of the present
work is to apply the information theory in investigation of
atomic nuclei, and in particular, in deriving some analyti-
cal expressions for the information for proton-neutron compo-
sition carried by each atomic nucleus. This information quan-
tity may be useful in analyzing various problems, and, above
all, in the interpretation of some nuclear properties, as
well a8 in the attemps at a nuclei systematics by analogy
with the periodic table.

2, Information for Atomic Nuclei Proton-Neutron Compo-
sition. General Analysis,
The probability for a randomly chosen elementary par-
ticle, from a nucleus having mass number A and posaessing Z

z

protons and n neutrons being a proton, is P, == = A 5

2A

and alternatively the probability of being a neutron is

Dy = 2. A—i——-, where f = n-z = A-2z, Then each nucleon
A 2A

will carry an average quantity of information for proton-neu-
tron composition of the atomic nuclei:

I =« & 1g, g_1 lg, 9 bits/nucleon  .ee(2.1)
A A A A

The information defined according to equation (2.1) was cal-
culated for all known 2p -stable nuclides up to ZggBi, taken

from the chart of Nuclides 2.
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Fig.1 Dependence of the average information for proton-neu=-
tron composition per nucleon on the mass number A of
the ZP -stable nuclei

As can be seen from fig.1, the average information for
proton-neutron composition alters regularly with increase of
A. The general form of the curve is zigzag, but the values of
fnp fluctuate around a mean value, near to 1 bit. The average
information carried by one nucleon is exactly 1 bit for all
atomic nuclei having equal number of protons and neutrons.
The total information for proton-neutron composition expres-
sed in bits for these 15 2P -stable nuclei:

InP = A.Inp

will be exactly equal to the mass number A:

= Alg,A - 2zlg,2 - nlg,n bits/nucleus...(2.2)

= A bits/nucleus; I = 1 bit/nucleon..(2.3)

for z =n, I np

np
Since the number of the neutrons grows with the in-
crease of the mass number more rapidly than that of the pro-
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tons, Inp deviates from the whole number value 1 bit remain-
ing close to it. The maximums and minimums in fig.1 corres-
pond to a smallest, respectively to a largest relative ex-
cess of neutrons for each series of several 2f -stable nu-
clei, This reflects fairly the periodic filling up of the nu-
cleons' states and manifests the "slowing down" of this pro-
cess for protons.

It can be also shown that some series of nuclei in
fig.1 can be described by general equations. The investigation
of these "information analogues" may be of some interest for
systematics of the atomic nuclei.

The total information for proton.neutron composition,
calculated by equation (2.2), increases relatively monoto-
nously with the increase of the mass number. That is why it
seams advisably to introduce the "differential" information
characteristic, LSInp' which expresses the increase of the
information content between two isotopes with mass numbers
respectively A and A - 1: »

_ A A=1
AL =TI -1

g2 = Ty aveoe(244)

This quantity is shown in fig.2 as a function of the
mass number A for the 209 studied 2P -stable nuclides.

I% may be stated that the differential information al-
ters harmoniously with the increase of the mass number, It
fluctuates around the average value 1 bit and two branches
on fig.2 with positive and respectively negative deviations
from this value may be distinguished.

There are some sharply expressed minimums and one ma-
ximum in fig.2, too. The last is due to the absence of 2; -
stable isotope of Tc, while the minimums are connected with
disturbances in the order of filling up the nuclei with pro-
tons and neutrons. These are the cases when a nucleus with
a smaller number of protons is inserted between the nuclei
with a larger one: ?25 between 3501 and 37Cl; 40Ar between

17 17 18
?gK and ?;K ete.

Several areas may be set apart in fig.2 with different
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Fig.2 Dependence of the differential information for proton-
neutron composition of Zp =stable nuclei on their
mass number,

form of the function Aklnp depending on the type of filling
in the 2§ -stable nuclei - deutron type (n, p) at A<20 and
helium type (2n, 2p and 4n, 2p) at higher values of the mass
number.

A conclusion can be made, that the information quan-
tities introduced by equations (2.1), (2.2) and (2.4) reflect
fairly the main features of the proton-neutron structure of
the atomic nuclei.

3¢ Deduction of Some Basjc Equations

In a previous paper, where the information for proton-
neutron composition 3 was defined for the first time, empi-
rical equations for inp and AInp were obtained for eight
groups of nuclei, The present study deals with an alterna-
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tive method for deriving from the ge-.eral inforgation egua-
tions (2.1) and (2.2) simplified equations for Inp‘and Iip
which include in principal all atomie nuclei, stable or ra-
dicactive, known or still unknown. Meanwhile, as it will be
shown, these expressions are sufficiently accurate.

Let's substitute in equation (2.1) the neutrons and
the protons in a given nucleus through their difference §

and the mass number A, After some transformations we obtain:

1o

- 1 5
Inp = 1 = m In 1 - —I - ZA1n? 1ln v -§ -n-c(3n1)

Since A=§ , the expansion of the two logarithmiec func-
tions into Mclauren's series is possible, by which one ob=-
tains:

- I 2 4 P 6
Inp =1 = .:LJDE[%(I) + 1—2- (i) + "‘3% (K) + ‘c..} -00(3-2)

The third and the following terms in this series can
be ignored, since the error introduced in this way is smal-
ler than 0,01%. By ignoring the second term the relative er-
ror is relatively great for 3He only (%t =~ 0,15%), but for
all the remaining 29 -stable nuclei it does not exceed.
0,02% (for 43 nuclei it is 0,02%, for 28 nuclei - 0,01% and
for the remaining 137 nuclei it is less than 0,01%). This
picture does not alter essentially when one takes inte ac-
count the radioactive nuclei 4. For nuclides with moderate
and high values of the mass number £ << 0,05%, while for the
unstable light nuclei (A = 3 -~ 20) it is of the same order,
as for -He. Hence the equation (3.2) can be written with
sufficient accuracy only with the first term of the series:

= 2 2
Inp 3= ET%E (%) =1- ET%E (é-i—g!) bits/nucleon,.(3.3)

The equation (3.3) expresses in a simplified form the
dependence between the information for proton-neutron compo-
sition of the atomic nuclei and the basic parameters of this
composition = the mass number A and the number of protons s.
It can be seen that in the case of P::O (which includes the
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great majority of the atomic nuclei), in increases with the
increase of the mass number and the atomic number, and it
diminishes with the increase of the isodifferent number and
the number of neutrons., The depedence of the information on
$, 2 and n reverses however for a limited number of nuclei
having negative isodifferent number (p<<0, A<2g, A>2n),

An evaluation can be made for the limits of wvalues
within which inp is defined. For the 2p -stable nuclei:

og%go,zm; 0,965<C I << 1 bits/nucleon  eeose..(3.4)

np

gHe lﬂ_the only exception from the latter inequalities
( I = 0,33, Inp = 0,918 bits). Most of the radiocactive nuc-
lei also obey to (3.4) although the low limit of this in-
equality is broadening at higher mass numbers to 0,95 bits
and for some cases of light radioactive nuclei Tnp‘is of the
same order as for 3He.

E for Differe Info
Pr -N c 8

Simplified equations can be also derived for the dif=-
ferential information é&Inp, defined already by equation (2.4):

A A-1 =A TA-1 =A=1
AInp = Inp - Inp = A(Inp - Inp ) + I oao-.-(4n1)
+ 2
4 p2 (1t
AInp = 1 = -__—_-21]12 . I - ———(1 - i) .ub.oo|(402)

In the equation (4.2) the sign "+" is related to nuc~
leus with mass number A, having one proton more in compari-
son with the nucleus with mass number A-1, while the sign
-7 gignifies the presence of one more neutron at an analo-
gous ratio of the mass number. These two signs correspond
to the presence of two almost symmetrical parts of the func-
tion ZkIn (fig.2) whose values are higher and smaller re-
spectively than 1 bit. Alternatively, it is not difficult
to estimate that the first term in equation (4.1) will have
a relatively low value (0,1 ¢ 0,3 bits), determining only
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a deviation from the value 1 bit, which is rather close to
the value of the second term, All 2§ -stable isotopes are
within these limits (0,7 ¢ 1,3 bits) with exception of !
Also for the radiocactive nuclei the differenti al informa-
tion remains within the same limits, This interval broadens
only for some of the lightest nuclei, where it is from 0,49
bits/nucleus for the pair Lijsﬂe up to 1,61 bits/nucleus
for the pair 5hi/ zbis

5¢ "Defect" of Information

The total information for proton-neutron composition
of one nucleus, expressed in bits according to equation (2.2),
is a magnitude quite near to the mass number A, It seems con-
venient for the difference between these quantities to be
introduced as an additional information characteristic of
each atomic nucleus called "defect" of information by ana-
logy with the defect of mass upon atomic nuclei formation.
This difference decreases with the increase of the mass num-
ber, 1t decreases, also, for the restricted number of nuclei
with f<O, but in the principal case P=0 it increases with
the increase of the isodifferent mumber:

2 2
_ 1 % A 1 (A=22)
I p = Fin3* X = Fin3 £ bits/nucleus..(5.1)

: T
éslnp = A -

The values of the "defect" of information are for all
2p -stable nuclei in the range O - 3,2%, and in most cases
they remain smaller than 1%. The unique exception here is
5He (8,1%). Also for the radiocactive nuclei é&I' << 4%,
and only for several of the lightest ones it raises to higher
relative values (e.g. for EBe and 20 it is about 8,2%).

When the number of protons and neutrons in a given ato-
mic nucleus is equal, each of these particles carries exact=-
ly 1 bit information (equation 2,3). Then 4513; expressed
the loss of information upon atomic nucleus formation, cau=-
sed by deviation of the nucleus from the symmetrical state
n = z, Also, since this deviation leads to a decrease of the
binding energy, it may be supposed, that inversely proportio=-
nal dependence exists between the "defect" of the information,
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and the "defect" of the mass. The final section of this
work looks for a concrete expression of this dependence.
Here we shall draw attention to the idea that the defect of
information can be treated as a negative component of the
binding energy. This idea is supported by the presence of
the so called parameter of the relative symmetry of the nu-
cleus, § , with a negative sign, in Weizsicker's equation >
for the energy of atomic nucleus. This quantity coincides
by virtue of a coefficient to defect of the information:

2
§=s - giﬁ-i-zﬁl- [energy] eoeeveo(5.2)

The remarkable coincidence between equations (5.,1) and
(5.2) can be considered as evidence for the usefulness of
the information theory upon the study of the atomic nuclei.
It gives an opportunity to derive an expression for the equi-
valence between information for proton-neutron composition
and the binding energy of the atomic nuclei, Since the co-
efficient £ = 18,1 Mev, then the following equation will be
in force:

E‘b='k'A‘Izrp Sl B 3)

where k = 25,1 mev/bit.

65 Information Equations for the Four Main Groups
of Nuclides
As a consequence of (3.3), (4.2) and (5.1), informa-
tion equations can be drawn for the four groups of nuclides:
isobars, isodifferents, isotopes, and isotones,
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T A B L E 1

Information Equations for the Four Main Groups of Nuclides

Eq.No Equations Constants
I, Isobars (A=const)
6.1 'I'ig =1-cp?=1-c(a22)? e = (2821n2)™"
ib _ 2(A+
6.2 | ALy =a-ts Pﬁi?ﬂ" vITar ]
* 2
6.3 Alnp = cA(A - 23)
II.,Isodifferents =n=g=¢
2
=id 4 £
6.4 I =1 = d = 55—
np 42 21n2
6.5 A'id [1 + rﬂlj-_ﬁ)]
*
6.6 | Ay =%
LIT. I 0 Z=C
7ip _ o [ ey2 -
6.7 Inp Tz (1 -1 Chag
ip = -
6.8 Alnp £+ 1'(5‘-—1) T 0.:786
* A 2 . Az
6.9 Alnp = m‘(" - f) g 21no
IV. Iﬂgjgggg !n=929§1!
Tin _ 1 ! 2 -
6,10 | Lo =1 = zrs(d - 1) e' = 2n
2
in _ ¢ =
6.11 | AR = £ + prfoy g' = 51k
* A  e' 2
6.12 AInp = spslg- - 1)
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1s Information Equations and the Sygtematics of Nue-

m
lides

The equations for the isotopes, isobars, isotones, and
isodifferents introduced above, may be applied for the in-
formation interpretation of the nuclear periodicity and the
systematics of the nuclei. These Equations connect the four
kinds of nuclides (which are the foundation of their syste-
matics expressed inte the "Chart of Nuclides" 2) in a common
quantitative scheme, Each nuclide in this scheme is situa=-
ted at the intersectmion of the four lines, the isobars, iso=
topes, isotones, and isodifferents lines, each of which is
described by three information equations (6.1 = 6.12). In

Mg

e
-y
’

Fige3 A fragment of the Chart of Nuclides with the lines
of the four main groups of nuclides : isobars (4),
isotopes (2), isotones (n), and isodifferents (f),

which are described by information equations.
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fige3 a fragment is shown of the Chart of nuclides with the
axes determining the place of a given nuclide,

Along with that of interest is the fact of similarity
in form of equatiom (%.3) to the previously derived expres-
sion for the average spin information of one electron 6. In
the latter, the atomic number of the element z is an analo=-
gue to the mass number A and the number of the single elec=
trons in the electron shell (a = e_q2 " a+1/2) takes the
place of the number of the"single" neutrons which remain un-
paired with protons ( P =n - 2):

2
2] ol (B
Isp =1 =3\ 2 bits/electroNessseesalTol)

This coincidence in the informatiom equations of one
electron and one nucleon allows an analogy to be found bet-
ween structure and properties of the atomic nuclei and the
electron shells.

T A B L E 2

Information Analogy between Nuclides and Chemical Elements

No. NUCLIDES CHEMICAL ELEMENTS
Parameters Groups Parameters Groups
1. p=const,A+const lsodif- a=const, Vertical groups
ferents z#const
2, A=A+1, $ = P +1 Isotones =z -»3z+1, (sz?ap?d1éd?r1&r7)
(n=const) a»at] Periods
3 A=A+, B> B~ Isotopes 2z »z+1, (s?p44p§d6=d3018&f14)
(z=const) a»-a=1
4. A=const,p#const Isobars z=const, KElectronic states
AP=2 a#const of a chemical ele-
Na=2 ment with differ-
ent spin multipli-
city

As can be seen, the isodifferents and isobars have se-
parate analogues, whilst the isotopes and isotones are com-
mon analogues to the elements in a given period of the Pe-
riodic System, Half of the elements in each period are ana-
lomgues to the isotones, These elements have sequental fill-
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ing of the atomic orbitals with single electrons (a—a+1).
The second half of the elements in the period, where each
atomic orbital is populated by a second electron (a—a-1),
are analogues of the isotopes. It may be expected that the
analogy between chemical elements and nuclides considered
above, will turn to be useful not only for the systematics
of the nuclides, but also when looking for a correlation
between nuclear and electronic properties.

8; The Correlation between Binding Energy and Infor=-
mation for Proton-Neutron Composition of Atomic

Nuclei

In the section concerned with the "defect" of infor-
mation, it was already suggested by the Weissicker's equa-
tion 5, that a possible connection between binding energy
and the information for proton-neutron composition of the
atomic nuclei exists. It was shown that the defect of infor-
mation increases in conjunction with the decrease of nuclear
binding enrgy at greater deviations from the symmetrical
proton-neutron distribution (n=z).

The dependence between either of defect of informati-
on, or the total informaticn for proton-neutron composition,
and the binding energy, is traced here at an equal deviation
from the symmetrical case n = z, i.e. for groups of isodif=-
ferent nuclei ( p = n - z = const). It was found that the
binding energy in this case also grows with the decrease of
the defect of information (or according to equation (6.6) =
with the increase of the mass number A):

- k
E.b_'b+zrg:—P SRR s B

Along with that, direct linear correlation between
binding energy and information for proton-neutron composi=-
tion was derived for the isodifferent nuclei:

By = adpf + b sass s EHE)

From equations (2.2) and (6.4) a parallel increase of
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The equation (8.2) is more accurate at greater values
of the isodifferent number. In this way, forp==15, the re-
lative error £ << 1%; when Ss;§5515 for some of the nuclei
£ =1 # 5%, although for the most of them it remains smaller
than 1%; for.p<:5, along with the approximate equal number
of nuclei with £<1% and ¢ = 1 # 5%, some series with £==5%
appear.

The correlations between the information for proton=-
neutron composition of the atomic nuclei and such basic cha=-
racteristics as their binding energy, introduced by equa-
tions (8,1) and (8.2), can be reviewed as a supplementary
argument for the applicability and usefulness of Information
Theory in studying atomic nuclei. The prove of this concept
was the basic aim of the present work.






