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This paper is the continuation of the last paper [part II], published in the General Science Journal, 

in the date Feb. 25, 2009.  
In the last paper, regarded as part (II), the effect of quark causing binding energy between 

neighboring nucleons in the nuclide was considered. In that paper frothy six stable nuclides were 
considered. 

In this paper, referred to as part III, a considerable number of nuclides are investigated (one 
hundred and nineteenth). 

At the present time, it is accepted universally that quarks are physical entities. The evidence of 
quark comes from some different experiments. The particle that mediates the strong interaction between 
quarks called gluon. It's mass in zero, its spin 1 and its electric charge in zero. (for further information, 
refer to part II). 

The nuclear binding energy is coincided as follows: 
........................+=+ AaEBE vc  

There is Coulomb repulsion energy between the protons inside the nuclide, which is 
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them from getting out of the nuclides as cause their repulsion. 
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++ , since nucleons bounding is caused by quark, it is shown 

by QBE. In the above equation, instead of A, the numbers of nucleons in nuclide, it uses the total 
number of quarks binding in the nuclide, which is shown by NQB. Clearly QBE and NQB are much 
more perceptible and meaningful than BE and A. 

                                                 
1-This equation is almost approximate, specially for low value of Z 



2 

Generally, each nucleon inside the heavy nuclide has six quarks bindings but the nucleons in the 
surface have less binding (at least three). 

The distribution of nucleons inside the stable nuclide should be symmetrical and preferably 
spherical. For a nuclide, by choosing a suitable distribution through counting the number of quark 
binding the nucleons in the nuclide, it will be very easy to determined NQB. 

In The appendix of this article, about one hundred and nineteenth nuclides are illustrated with 
some brief information, in the related tables and diagrams. The value of their total nuclide binding 
energy caused by quark (QBE) and the total number quark bindings of nucleons inside the nuclides are 
given (NQB). 

For simplicity, as an example, one nuclide Cu63
29  was first chosen arbitrarily. The first step is 

trying to find out how the nucleons arrange them selves inside the volume of nuclide. This arrangement 
should be in such a way that can explain the characteristics of nuclides as it was mentioned earlier. 

To follow these specifications, we choose the series of parallel plate layers and put the nucleons 
in some symmetrical order in each layer (Fig 1). In this primary figure, the place of each nucleon is 
exhibited by a point, as the centre of this nucleon. To show this more clearly the distance between the 
nucleons in a layer and the distance between neighboring layers are chosen long. 

 
 

 
Fig (1) 

 
 
The central layer in shown by (a) and the layers in the right side are (b), (c), (d) … and the layers 

in its left side are (b'), (c'), (d') …for both the number of nucleons and the case they distributed in (b) and 
(b') and also (c) and (c') and so on are the same. 

The actual distance between both two neighboring nucleons in a layer, and also between two 
neighboring layers is about fm [10-15m]. At about such distance between two neighboring nucleons, in 
one layer or in the two neighboring layer these nucleons will have some overlap volume; the quarks are 
still confined in these nucleons especially in overlap volume of nuclide. The quark contains in these 
common volumes, cause strong attraction between these nucleons. Therefore, they bond together 
strongly. 

In figure (2) nucleons are shown as spheres. There are two classifications for bonding nucleons; 
1- Each nucleon in a layer bonds with neighboring nucleons in the same layer. 
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2- For two different neighboring layers like (a, b), (b, c), (c, d) and also (a, b') and ETC….. 

nucleons in one layer bond with neighboring nucleons in the other layers.  
1') In fig (2), Cu63

29 , the total number of bonding between nucleons in layer (d) plus layer (d') is 
shown by 2n (d) which equal eight and for (c) and (c') will be equal 2n (c) = 24, and the total number of 
bonding between nucleons in its different layers for Cu63

29 are � = 80)(in  

2') the total number of mutual bonding (c, d) and (c', d') are shows by 2m (c, d) which is equal 32 
and the total of mutual bonding nucleons in the different neighboring layers for Cu63

29 are 

� =168),( jim  

Some More explanation for nucleons which are bonded in neighboring layers is as followings:  
As we know, each circle in figure (2) which is a nucleon is in fact a sphere. For instance, let us 

now consider the bonding of two nucleons in the two neighbor layers, [the layer (c) and (d) in figure 
(2)].The nucleon (I) and (II), they have mutual bonding with together, which result is an invisible 
overlap bonding between them. This is because the binding is under nucleons (I). These nucleons bind 
together by mutual effect of two layers. Their overlap is hidden, but it is easy to predict the place of their 
bounding, to mark the place of binding, a triangle is drawn on circle (I), which gives the position of the 
overlap binding under nucleon (I). The apex of the triangle is directed toward the center of circle (I). 

As the figure (2) shows, the nucleons in different neighboring layers, by mutual binding can have 
several triangles. By counting the total number of quark bindings in the nuclide NQB is obtained. 

Below there are more information about Cu63
29  nuclide and a table is provided: 

The related Coulomb repulsion energy 3

1

63/282972.0 ´´=CE  MeV = 146 MeV  

The total number of quark binding energy will be; �� =+ 248)()( ijmin   
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So ; R= 754.2=
NQB
QBE

. 

 As it was mention before, we are going to use same information (but not in details) for 119 
others nuclides in appendix. 

 
 

  
 
 
Conclusion 
Quarks are confined in the nucleons and there is strong attraction between them. The origin of 

nuclear energy has not been defined clearly. However, by considering the properties of quarks–gluon 

and overlap volume between neighboring nucleons, caused by attraction between quarks, it can be 

concluded that nuclear binding energy has its origin in quark attraction between nucleons. The quantities 

of NQB and QBE are explained as the followings: 

1) In this research the most important point is that the total number of nucleon bonds (each 

nucleon has several bonds) is an essential factor in the nuclide binding energy. However to date, 

the focus has been on the number of nucleons (A). 

As en example, the value of NQB for Cu63
29  is 248, which is grater than A=63. 

2) In this paper BE (ordinary binding energy) is replaced by BE+Ec, that is QBE, which is 

the quarks binding energy of all nucleon in the nuclide. This binding energy is produced by quarks in 

the overlap volume of the neighboring nucleons.  

There is a strong attraction between neighboring nucleon (neutrons and protons). For two protons 

there is Coulomb repulsion between them. Quarks strong attraction prevents the neighboring protons 

from getting out of the nuclide. 
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NQB and QBE are more perceptible and meaningful that A and BE. Generally variation of 

BE/A on function of A has been considered in nuclear binding energy investigations. Therefore, 

instead of BE/A, QBE/NQB is used. QBE/NQB is the average value of nucleons binding energy in a 

nuclide. It is strongly believed that BE/A shall be replaced by QBE/NQB.  

The following curve shows the variation of QBE/NQB versus A. These values are almost the 

same for all stable nuclide (except for A<5), Considering the properties of quarks, explained earlier, so 

nucleons have fine structure of quarks. 

For nuclide having magic number of nucleons, such as, He4
2 , O16

8 , 20
36
16S , K39

19 , Ni60
28 ,… the ratio of 

R=QBE/NQB are more than the next neighboring nuclide. 

As it is expected for isobar nuclide, with increasing Z, the value R=QBE/NQB will increase. 
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