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Fundamental Interactions of Nature

Directions: Place a check mark ( ( ) next to the statement that you 

        agree with or leave the space blank if you disagree with 
        the statement.
1.  _____  The strong nuclear force, electromagnetic, weak   

             nuclear  force and gravitational forces hold the key 

             to understanding the properties of elementary particles.
2.  _____  The strong nuclear force is responsible for holding the 

                 nucleus of an atom together
3.  _____  Protons and neutrons in the nucleus are known as  

                 nucleons.
4.  _____  The electromagnetic force is much stronger than the 

                 strong nuclear force and is responsible for chemical 

                 bonding.
5.  _____  The weak force which is responsible for nuclear 

                 radiation is the weakest of the four fundamental 

                 interactions.  
6.  _____  The gravitational force which is responsible for holding 

                 the planets, stars and galaxies together is the strongest 

                 fundamental force of nature
Fundamental Interactions of Nature

The key to understanding the properties of elementary particles is to be able to describe the interactions between them.  All particles in nature are subject to four fundamental interactions: strong, electromagnetic, weak and gravitational.
The strong force is responsible for the binding of neutrons and protons into nuclei.  The strong force represents the “glue” that holds the nucleons together.  It is the strongest of all the fundamental interactions.  It is short-ranged and is negligible for separations greater than about 10-15 m (the approximate size of a nucleus).

The electromagnetic force, which is about 10-2 times the strength of the strong interaction at nuclear distances, is responsible for the attraction of unlike charges and the repulsion of like charges.  This interaction is responsible for the binding of atoms and molecules.  It is a long-range interaction that decreases in strength as the inverse square of the separation between interaction particles.
The weak force is a short-range nuclear interaction that is involved in beta decay.  Its strength is only about 10-13 times that of the strong interaction.  However, because the strength of an interaction depends on the distance through which it acts, the relative strengths of two interactions differ depending on what separation distance is used.  The strength of the weak interaction, for example, is sometimes cited to be as large as 10-6 times that of the strong interaction.  Keep in mind that these relative strengths are merely estimates and they depend on the assumed separation distance.
Finally, the gravitational force is a long-range interaction with the strength of about 10-38 times that of the strong interaction.  Although this familiar interaction is what holds the planets, stars and galaxies together, its effect on elementary particles is negligible.  The gravitational interaction is the weakest of all four fundamental interactions.
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	Interaction (Force)
	Relative Strength
	Range of Force
	Mediating Field Particle

	Strong
	1
	≈ 1 fm
	Gluon

	Electromagnetic
	10-2
	1 / r2
	Photon

	Weak
	10-13
	< 10-3 fm
	W ± and Z Bosons

	Gravitational
	10-38
	1 /r2
	Graviton


Gravitational  Vs  Electromagnetic Force
The gravitational force is a field force that always exists between two masses regardless of the medium that separates them.  It exists not just between large masses like the sun, Earth and moon but between any two masses regardless of size or composition.  If particles have masses m1 and m2 and are separated by distance r, the magnitude of the gravitational force is given by the following equation known as Newton’s Universal Law of Gravitation:
Fg   =   G      m1  •  m2       .
                r2
G is a universal constant called the constant of universal gravitation; it can be used to calculate gravitational forces between any two particles and has been measured experimentally to be equal to…
G   =  6.67  x  10-11     N  •  m2        .
                           kg2
In the 1780’s Charles Coulomb conducted a variety of experiments in an attempt to determine the magnitude of the electric force between two charged objects.  The following equation, known as Coulomb’s law expresses these conclusions mathematically for two charges separated by a distance, r .
F  electric   =   kc      q1  •  q2       .
                             r2
The symbol kc, called the Coulomb constant, has SI units of  

N  •  m2 / C2 and is equal to…
kc   =  8.99  x  109     N  •  m2        .
                           C2
Problems
1.  Find the gravitational force exerted on the moon 

     (mass  =  7.63 x 1022 kg) by Earth (mass  =  5.98 x 1024 kg) 

     when the distance between them is 3.84 x 108 m.   1.99 x 1020 N
2.  A 200 lb. person stands 1.00 m from a 150 lb. person sitting on 

     a bench nearby.  What is the magnitude of the gravitational 

     force between them?  4.13 x 10-7  N
3.  The electron and proton of a hydrogen atom are separated, on 

     average, by a distance of about 5.3 x 10-11 m.  Find the 

     magnitudes of the electric force and the gravitational force that 

     each particle exerts on the other.  F electric  =  8.2 x 10-8  N;  
     Fg  =  3.6 x 10-47  N.
Given
r  =  5.3 x 10-11 m



qe  =  -1.60  x 10-19 C

kc  =  8.99 x 109 N • m2 / C2

qp  =  +1.60 x 10-19 C
me  =  9.109 x 10-31 kg


G = 6.67 x 10-11 N • m2/kg2
mp  =  1.67 x 10-27 kg

Unknown

F electric  =  ?






Fg  =  ?

4.  The gravitational force between the particles is negligible compared with the electric force between them.  Determine the ratio of the F electric to Fg.

