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Abstract 

All the physical interactions in the universe can be explained by one or more of the four fundamental forces: the 

strong force, electromagnetic force, weak force, and gravity (Pillitteri, 2017). It is quite interesting that many different 

events occur in the universe, yet only four forces are needed to describe them. It is even possible that only one force 

exists, and the four forces known today are just different manifestations of that same force. However as these forces 

cannot be explained by the any simpler interaction so called fundamental, all large scale forces that are experience can 

be explained by the microscopic, fundamental forces.   

Introduction 

In order for one of these forces to act between two matter particles they need force-carrying particles. These force carrying 

particles are usually called ‘exchange’ particles since they are exchanged between matter particles. So the forces themselves are 

the result of the exchanging of particles. Some force carrying particles have a unique property that they don’t carry mass at all, 

such as photon and gluons. So those particles aren’t really matter they are the particles that allow matter to experience forces. 

Apart matter particles include quarks and leptons. The most significant difference between quarks and leptons is that quarks can 

experience the strong force while leptons cannot.   

To understand various aspect of fundamental nature we need to gain knowledge of relation among various elementary forces and 

particles.    

    The strong force  

It was believed that protons and neutrons were fundamental particles which could not be broken any smaller. Later scientists 

discovered that protons and neutrons can further be disintegrated in smaller particles, namely quarks and gluons where quarks are 

the matter particles and gluons are their exchange particles (M.GellMann, 1964). Quarks exchange gluons result in the strong 

forces, which is the strongest of the four fundamental forces (Pillitteri, 2017). The figure 1.1 (a) and (b) shows the exchange of 

gluons between quarks. When quarks exchange gluons, the quarks become bound together which forms nucleon (protons and 

neutrons). So nucleons are not fundamental particles at all. These particles (gluons and quark) are subjected to ‘confinement’ that 

is they can never be find in Free State. Each quark or gluon can come in a variety of “color state” which form the rule for possible 
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combination of quark and gluon. Again the strong forces has very unique properties, they are short range, charge independent, 

highly spin dependent and so on. It is a unique property which allows quark and gluons to be only particles that can experience the 

strong force (Feynman, 1985).   

Figure 1.1 (a) Shows the proton contains three quarks bound together by exchange gluons. (b) Shows protons and 

neutrons are bound together as their quark exchange gluons. (This image is a simplification to show how quark 

exchange gluons to form bonds. Image shows one type of gluon and quark but they different in reality).    

 

     The electromagnetic force  

The second strongest fundamental force is the electromagnetic force, a combination of electric and magnetic forces. Almost about 

100 times weaker than the strong force. This keeps the negatively-charged electrons orbiting the positively-charged nucleus of 

atom. The connectivity between electricity and magnetism was discovered through experiments of current carrying body which 

produces magnetic field as shown in the figure 1.2. According to quantum mechanics, an electromagnetic force occurs due to the 

exchange of photons, the particle of light. The photon in this process are considered as virtual photons because they cannot be 

produce in the laboratory.   

Figure 1.2 shows the relation between electric and magnetic field, wire carrying current (yellow) produces magnetic 

field (blue)   

  

The weak forces  

The weak forces, also pronounced as the weak interaction, is very unique compared to electromagnetic and strong forces. 

These are mediated by different exchange particles known as W and Z bosons. This force differs from the others since the 

exchange particles involved are usually released from a single matter particles rather than transferred one particle to another as in 

case of strong forces. The weak forces cause quark or a lepton to transform into another particle. A quark converts into another 

quark by releasing a W of Z boson, similarly a lepton turns into another lepton (Pillitteri, 2017).   

A very good example of weak interaction is beta decay a process through which a neutron is converted into a proton, here a down 

quark inside a neutron emits a W boson, and the emission cause the down quark to turn into up quark. The result is that the 

neutron turns into a proton. Meanwhile, the W boson decays into an electron and an antineutrino (a type of lepton). The resulting 

electron called beta particle as shown in the figure 1.3 below. The exploration of weak forces further with the help of particle 

accelerators have shown that high energies, bosons (W and Z) in weak interactions act similar as photons in electromagnetic 

forces, hence provides the evidence of unification of electromagnetic forces with weak forces into the electroweak force. 

Experiments also revealed that at high energies electroweak forces become stronger and the strong force become weaker. In 
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theory the strong and electroweak forces also become unified experimentally yet to be observed (El Naschie, 2000; Poojary, 2015; 

Salam, 1980; T. H. Wu, 2015).       

Figure 1.3 Beta decay is a weak interaction where a neutron turns into a proton. W boson emitted, and a down quark 

turns in up quark.  

  

     Gravity  

Gravity is the weakest of the four fundamental forces. Gravitational force is practically negligible for the particles like protons and 

electrons, the other forces overwhelm it. Presently gravity is described by two different theories that don’t agrees with each other. 

One is Einstein’s general theory of relativity, which claims that gravity not a ‘real’ force like the other three fundamental forces; 

rather it is the result of the curvature of space-time induced by the presence of mass. The other theoretical framework is quantum 

mechanics, which predicts that the force of gravity is transmitted by an exchange particle called the graviton, yet not discovered. 

However the mathematical combination of general theory of relativity and quantum mechanics break downs, it does not produce 

any physical answer.      

ELEMENTARY PARTICLES   

The first evidence of subatomic world came with the discovery of the electron by J.J Thomson in the year 1897, till 1918, Ernest 

Rutherford discovered the proton itself, later Chadwick in 1932 discovered the neutral particle called the neutron, and the picture 

of the atom seemed complete. Suddenly in 1936 new particle called the muon was discovered and soon more new particles start 

appearing form the study of cosmic rays. During 1950’s scientists start building particles accelerators, which effectively 

accelerated protons (or electrons) and collide them together at very high speeds (Livingston, 2013; Van de Graaff, Trump, & 

Buechner, 1947; Wiedemann, 2015). The accelerator experiments helps in discovering new particles mostly in pairs, for electron 

they have positron with positive charge called antiparticle. Further Murray Gell-Mann surmised that the fundamental particles like 

the proton must be composed of even more fundamental particles called quark, initially three quarks was postulated later they 

grew to six.  

   There are four major categories of fundamental particles of physics: Brutinos, Neutrinos, Matter, and Photons. Brutinos are 

small, spherical, elastic particles which make up an ether gas which in turn responsible for the creation of universe. Neutrinos are 

nuclear sized particles, travels mostly in linear paths at a speed slightly greater than the speed of light, but some are forced into 

circular paths, which makes matter. The basic unit of matter is a single neutrino orbiting in closed path. This is called an 

elementary matter particle. Matter interacts with other matter by absorbing, a close elliptic ring of brutinos which are moving at 

the speed of light. Butrinos which are not in elliptical ring spread uniformly over one length of a harmonic wave, this harmonic 

wave is called a photon (Brown, 2019).      

THE GRAVITION  

In speculative theories of quantum gravity, the graviton is a hypothetical fundamental particle that mediates the force of 

gravitation in the framework of quantum theory. The mass of the graviton is approximately 7.7 × 10−23 𝑒𝑣⁄𝑐2, and the 

wavelength would be 𝜆𝑔 = 1.66 × 1017𝑚. The graviton is spherical, smooth, elastic particle which makes up everything physical 

in the universe, according to the kinetic particle theory of physics. It is the unique particle form which all matter, radiation, and 

neutrinos are made.   

THE PHOTON  

The photon is very ‘’modern’ particle, having more in common with the W and Z bosons. In the discovery of photon the first 

contribution was made by Planks to explain blackbody spectrum for the electromagnetic radiation emitted by a hot object. He 
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assumed that electromagnetic radiation is quantized having energy 𝐸 = ℎ𝜈. Later Einstein give more radical view, argued that 

quantization was a feature of the electromagnetic field itself and explain photoelectric effect. Then came Compton showing that 

the light scattered form a particle at rest is shifted in wavelength concluding that light behaves as a particle, on subatomic scale. 

The particle was called the photon.   

THE MESONS  

 The force that bind the nucleon together in the nucleus must be more powerful than the force of electrical repulsion. Such force 

we do not observed in the everyday life as it is very short rang and called as strong force. The theory of strong forces was 

proposed by Yukawa, he assumed that the proton and neutrons are attracted to one another by some short of field, just as electron 

is attracted to nucleus by an electric field. The field must be quantized and act as quantum particle whose exchange would account 

for the strong force. The mass of such quantum particle was nearly about 300 times that of electron, or about a sixth the mass of a 

proton. As its mass fell between the electron and the proton, the particle came to known as the meson (meaning  

‘middle-weight’).   

 

THE ANTIPARTICLES  

The theory of relativistic quantum mechanics provide a troubling feature: for every positive-energy solution 

( ) it admitted a corresponding solution with negative energy (𝐸 =  This reveals 

that for every kind of particle there must exist a corresponding antiparticle, with the same mass but opposite electric charge. The 

union of special relativity and quantum mechanics, then leads to a pleasing matte/antimatter symmetry. However matter and 

antimatter cannot coexist for long – if a particle meets its antiparticle, they annihilate.   

THE NEUTRINOS  

Nuclear beta decay was not following the law of conservation of energy and creating the problem. Then it was suggested that 

another particle was emitted along with the electron, a silent accomplice that carries off the ‘missing energy’. It has to be 

electrically neutral, to conserve charge and called as neutrino. Various experiments were performed to prove the existence of 

neutrino.  

THE QUARKS  

Gell-Mann introduced the so called Eightfold way to arranged the baryons and mesons into a geometrical patterns, according to 

their charge and strangeness. These patterns proposed that all hadrons are composed of even more elementary constituents, which 

were called as quark. There were two composition rules: every baryon is composed of three quarks (and every antibaryon is 

composed of three antiquarks) while every meson is composed of a quark and an antiquark. Experiments has shown six ‘flavors’ 

of quarks classified by charge strangeness (S), charm (C), beauty (B), truth (T), up (U) and down (D) (Friedman, 2001; M.Gell-

Mann, 1964).    

Unification of Forces and Standard Model  

Firstly Galileo gives the idea of “celestial” gravity then Isaac Newton asserted that “terrestrial” gravity was the same as “celestial” 

gravity. Newton introduce a new fundamental constant of nature, G, which characterizes the strength of the gravitational force. 

The force was always attractive and long range. Next unification of fundamental forces was electromagnetism- the ‘force of life’. 

Faraday and Ampere unified the electricity and magnetism giving the electromagnetism.  

Then Maxwell unified the electromagnetism with optics. After this Einstein gives his Idea of Special Theory of Relativity which 

was unification of space and time and generalization of gravity. Now come the nuclear forces mainly of two types the so-called 

“weak” and “Strong”. Glashow and Salam unify electromagnetism and weak nuclear forces with the idea that both these forces 

have spin-one messengers (exchange particles) and are “gauge” forces. Figure 1.4 shows the history of unification of physical 

theories.      
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Figure Shows the history of unification of physical theories.  

 

 

 

 

 

 

At present all elementary entities plus all forces of nature (except for gravity) can be present in a symmetric pattern shown in the 

table 1.1. This table comprise the ‘Standard Model’ of the elementary particles. All the particles of the standard model are known 

to exist directly. The standard model corresponds to the gauge symmetry SU (3) x SU (2) x U (1), where the electroweak gauge 

messengers 𝑊+, 𝑊−, 𝑍0,  𝛾0. Where 𝑊+, 𝑊−, 𝑍0 are massive, with three helicities ±ℏ, 0 each while 𝛾0 has zero rest-mass (and 

therefore just two helicities ±ℏ). Strong nuclear gauge messengers are eight (electrically) neutral massless gluons of spin ℏ 

(helicities ±ℏ). There is no spontaneous symmetry breaking here.  
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Table 1.1 Shows the standard model of particle physics. All matter is made out of three kinds of elementary particles: leptons, 

quarks, and mediators.    

FERMIONS (matter particles)  BOSONS (force carriers)  

Q  

U  

A  

R  

K  

Up   

(u)  

Down   

(d)  

Charm  

 (c)  

Strange  

 (s)  

Top   

(t)  

Bottom  

(b)  

Gluon   

(g)  

Photon   

(γ)  

Higgs 

boson  

(H)  

  

L  

E  

P  

T  

O  

N  

Electron  

(e)  

Electron 

neutrino  

(𝜈𝑒)  

Muon   

(𝜇)  

Muon  

neutrino  

(𝜈𝜇)  

Tau  

 (𝜏)  

Tau 

neutrino  

(𝜈𝜏)  

Z boson  

(𝑍0)  

W boson  

(𝑊±)  
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