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In this paper I will try to demonstrate that nuclear force is electromagnetic in its origin and nature. 

I will model it solely as an electromagnetic interaction of neighboring quarks. There is a stabile balance 

point between two near quarks if they magnetically repulse and electrically attract; in connection with 

that, I will calculate force and bond energy between d and up quark in deuteron (u from proton and d 

from neutron, and vice versa [1]), similar calculation should hold for any other nucleus.  

If we assume coaxial orientation between d and up quark with their “rotation” in same direction, 

they will electrically attract (opposite charges) and magnetically repel (like two current loops of opposite 

charges that rotate in same direction).  

    

Then 

 

𝐹𝑁 = 𝐹𝑚 − 𝐹𝑒 

 

 

 

 

 

 

 

 

Where: 

𝐹𝑁 - Nuclear force,  𝐹𝑚- Repulsive magnetic force, 𝐹𝑒- Attractive electric force 

 

 Magnitude of magnetic force between two small magnetic dipoles at distance z [2], [3]: 
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𝐹𝑚 =
3𝜇0𝑚1𝑚2

2𝜋𝑧4
 

Where: 

μ0 = 4π×10−7 T·m/A - permeability of space 

z-distance between d and u quark 

𝑚𝑞 =
𝑒𝑞ħ

2𝑚𝑞
 , [4], [5] 

 

𝑚𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑎𝑛𝑦 𝑞𝑢𝑎𝑟𝑘

=
𝑖𝑡𝑠 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑐ℎ𝑎𝑟𝑔𝑒 ∗ 𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑃𝑙𝑎𝑛𝑘′𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

2 ∗ 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑞𝑢𝑎𝑟𝑘
 

For u quark that is: 

𝑚1 =
2

3

𝑒ħ

2𝑚𝑢
=

2

3

1.6𝑥10−19𝐶1.05𝑥10−34𝐽𝑠

2𝑥3.56𝑥10−30𝑘𝑔
= 1.573𝑥10−24

𝐽

𝑇
 

For d quark that is: 

𝑚2 =
1

3

𝑒ħ

2𝑚𝑑
=

1

3

1.6𝑥10−19𝐶1.05𝑥10−34𝐽𝑠

2𝑥8.90𝑥10−30𝑘𝑔
= 3.146𝑥10−25

𝐽

𝑇
 

Therefore, magnetic part of the force is: 

 

𝐹𝑚 =
3x4πx10−7  

𝑇𝑚
𝐴 𝑥1.573𝑥10−24 𝐽

𝑇 𝑥3.146𝑥10−25 𝐽
𝑇

2𝜋

1

𝑧4
  

𝑭𝒎 = 𝟐. 𝟗𝟔𝟗𝒙𝟏𝟎−𝟓𝟓
𝟏

𝒛𝟒
 𝑁𝑚4 

Magnitude of electric force between two small electric charges at distance z [6]:  

𝐹𝑒 = 𝑘
𝑞1𝑞2

𝑧2
 

𝑘 = 8.99𝑥109  
𝑁𝑚2

𝐶2  - Coulomb's constant 

In our case  

𝑞1 =
2

3
 𝑒 = 

2

3
 1.6𝑥10−19𝐶 and 𝑞2 =

1

3
 𝑒 = 

1

3
 1.6𝑥10−19𝐶 

So  



𝐹𝑒 = 8.99𝑥109  
𝑁𝑚2

𝐶2

2
3  1.6𝑥10−19𝐶 𝑥 

1
3  1.6𝑥10−19𝐶 

𝑧2
 

𝑭𝒆 =  𝟓. 𝟏𝟏𝟒𝒙𝟏𝟎−𝟐𝟗
𝟏

𝒛𝟐
 𝑁𝑚2 

Therefore, magnitude of the nuclear force as purely electromagnetic interaction of neighboring quarks is: 

𝐹𝑛 = 𝐹𝑚 − 𝐹𝑒 

𝑭𝒏 =  𝟐. 𝟗𝟔𝟗𝒙𝟏𝟎−𝟓𝟓
𝟏

𝒛𝟒
 𝑁𝑚4 −  𝟓. 𝟏𝟏𝟒𝒙𝟏𝟎−𝟐𝟗

𝟏

𝒛𝟐
 𝑁𝑚2 

 

 

The profile of the function looks proper, but the distance between neighboring quarks seems too 

large [7], [8], min function (i.e. max attractive force) and binding energy appears to be small [9].   

 



 Now I will calculate the same things but with a change that magnetic, repulsive part of a net force 

is not at its maximum but is in fact 100 000 times smaller, and I will assume 3 of these interactions. 

Logic behind these changes is in my opinion physically acceptable because even if its parts are forced to 

be in magnetically repulsive configuration by some other internal structural relations it is difficult to 

believe that balance will be in form of a maximum magnetic repulsion. If we define maximum magnetic 

repulsion angle, between m1 and m2, to be 00 (see picture above), “100 000 times smaller” magnetic 

repulsion corresponds to the 89.999 4270 angle between m1 and m2.   

With new assumptions, magnitude of the nuclear force as purely electromagnetic interaction of 

neighboring quarks is: 

  

𝑭𝒏 =  𝟑(𝟐. 𝟗𝟔𝟗𝒙𝟏𝟎−𝟔𝟎
𝟏

𝒛𝟒
 𝑁𝑚4 −  𝟓. 𝟏𝟏𝟒𝒙𝟏𝟎−𝟐𝟗

𝟏

𝒛𝟐
 𝑁𝑚2) 

 

 

As you can see from the data these corrections yield much better results [7],[8], [9]. Using only 

this approach further improvements are possible, but that would go outside of this demonstrative work.  



On the other hand, inside nucleus there are numerous processes and changes, everything reacts 

with every other thing, nonetheless I hope that this calculations are enough to convince and inspire others 

to pursuit solution for the nuclear interactions in this particular direction.  
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