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Abstract: With the advent of 20th century the focus of study for major scientific group was ‘electromagnetic waves’. There were varied 

opinions between the group for supporting Newton’s theory of light as a particle and Maxwell’s theory of light as a wave. With the 

development of Planck’s constant and Einstein’s theory of relativities it became profound that light, which is type of electromagnetic 

wave, behaves both as a particle and as wave, and thus the theory of wave-particle duality came into existence. In mid-20th century after 

the attacks on Hiroshima and Nagasaki, the theory and analysis of nuclear fission became profound. During this time the voids in the 

chain reaction for the tremendous amount of energy available were filled with the conclusion that a part of mass is getting converted into 

energy, according to E = mc2 . In this paper we are making an attempt, through theoretical analysis, to conclude that electromagnetic 

radiation and thus its energy can only be produced by accelerating a charged particle and not by conversion of any type of mass, as is 

given the current nuclear fission and nuclear fusion reactions. 

 

1. Introduction 
 

The discovery of Planck‟s constant and Einstein‟s 

acknowledgement for the same revolutionized the aspects of 

physics which mainly concerned with the properties of light 

and electromagnetic waves. Experimental validation by 

Millikan [1] confirmed the theory put forward by Einstein 

and thus led them to receive a Nobel Prize. 

 

These developments along with Einstein equation E = mc2 

proved helpful for Hahn and Strassman in analyzing the 

energy released during the fission process. The scientists, 

including Meitner and Frisch, Bohr and Wheeler, provided 

ways for understanding the nuclear fission process through 

various research papers [2, 3]. 

 

In this paper we have provided an overview of electro- 

magnetic waves, it‟s classification and production techniques 

in Section II, along with our analysis for the same. In Section 

III we have presented a brief description of nuclear fission, 

equations and processes affiliated to it. In this section an 

effort has been made to conclude our analysis for nuclear 

fission with reference to Section II and Section IV consists of 

theoretical analysis of nuclear fusion. 

 

2. Electromagnetic Waves 
 

As proposed by James clerk Maxwell, electromagnetic 

waves are a type of transverse wave, also known as photons, 

which have a varying electric and magnetic field [4]. These 

fields are in-phase and perpendicular to each other and to the 

wave. These waves travel at the speed of light „c‟ in vacuum 

and their energy can be determined by their frequency and/or 

wavelength that are inversely proportional to each other. 

This energy is given by the equation 

 
E = hν = hc/λ                                      (1) 

 

where, h is plank‟s constant, 

ν is the frequency of the electromagnetic wave 

λ is the wavelength of the electromagnetic wave. 

 

 

 
Figure 1: Electromagnetic Spectrum 
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Depending on the frequency and the wavelength, the 

electromagnetic waves are classified as: radio waves, 

microwaves, infrared radiation, visible light, ultraviolet 

radiation, X-rays and gamma rays [5]. The classification is 

called the electromagnetic spectrum and is arranged such that 

the radio waves have the least frequency and maximum 

wavelength while gamma rays have maximum frequency and 

least wavelength. 
 

A. Generation of various types of electromagnetic wave 

 

1) Radio Waves: 

Radio waves are having longer wavelength than infrared 

light in electromagnetic spectrum. Radio waves have 

frequency as high as 300 GHz for wavelength 1mm and 30 

Hz for wavelength 10,000 km. These waves are generated by 

acceleration of charged particle such as time varying electric 

current [6]. Radio waves are naturally emitted by lightning 

and astronomical objects. 

 

2) Microwave: 

Electromagnetic wave with wavelengths ranging from 1m to 

1mm with corresponding frequency of 300 MHz and 300 

GHz respectively. Hertz was one of the first scientist who 

discovered the generation of microwaves with the help of 

spark gap experiment, in which the electrons accelerated by 

using high differential potential [7]. 

 

3) Infrared Radiation: 

Infrared radiation sometime called as infrared light. They are 

the electromagnetic radiation with longer wavelength than 

visible light therefore invisible to human eye. Infrared 

radiation have wavelength ranging from 700nm to 1mm and 

frequency 430THz to 300GHz. Most of the thermal radiation 

emitted by objects near room temperature is infrared. 

Infrared radiation is emitted or absorbed by molecules when 

they change their rotational-vibrational movements [8]. 

 

4) Ultraviolet Radiation: 

Ultraviolet rays are electromagnetic waves with short 

wavelength ranging nearly from 10 nm to 400 nm. Their 

wavelengths are shorter than violet light in but longer than x-

rays. Ultraviolet radiation is present in sunlight, and 

contributes about 10% of the total light output of the Sun. 

Ultraviolet radiation are produced by excitation of atoms and 

molecules [9]. 

 

5) X – rays: 

X-rays are high energy electromagnetic waves having very 

short wavelength ranging from 0.01 to 10 nm. Frequency of 

x-rays varies from 3x10
16

Hz to 3x10
19 Hz. X –rays are 

produced by carrying electrons at the speed of light which 

gives a brilliant burst of bright radiation [10]. 

 

6) Gamma Rays: 

Gamma rays are penetrating electromagnetic radiation 

emitted from radioactive decay of atomic nuclei. The gamma 

rays are high energy waves having high frequency. The 

gamma waves can be generated by bombarding metal targets 

with high energy electron beams, which forces electrons to 

give off gamma ray photons. Such high energy electron 

beam is obtained via linear accelerators, with energy of 

multiple MeV. This method can generate gamma ray of 

energy up to tens of MeV [11]. 

 

Thus, by studying the generation of various waves we can 

conclude that, waves are produced only when there is 

acceleration of a charged particle. The acceleration may be 

due a natural phenomenon or manually created in laboratory 

equipment for varied purposes, but it is thus by far the only 

reason for generation of electromagnetic wave. 

 

3. Nuclear Fission 
 

Nuclear fission is a process in which heavy atomic nucleus 

of massive atom like uranium or plutonium breaks apart to 

form two or more lighter nuclei as fission products [12]. 

This process releases by-products too which includes the 

particles like free neutrons, protons, deuterons or alpha 

particles and/or electromagnetic radiations usually in the 

form of gamma rays.  

 

When isotope 
235

U is bombarded with neutron, nuclear 

fission process takes place and isotope 
235

U forms 
236

U 

compound by absorbing the bombarded neutrons. Nucleus of 
236

U is unstable and it oscillates which lead to divide the 

nucleus into two fragments, usually of unequal sizes. The 

neutron- proton ratio for heavy nucleus is higher than lighter 

one which causes emission of two or three neutrons to 

reduce excess neutrons from the heavy nucleus and make it 

stable. Common pair of fragments from the fission of 

uranium-235 is xenon and strontium [13]. A typical fission 

reaction is given by eq.(2), 

 

 …(2) 

 

The number of neutrons produced is more than consumed in 

fission raise the possibility of chain reaction. The neutron 

produced triggering another fission reaction. Such a rapid 

reaction is used in nuclear bomb. 

 

Major portion of energy released in fission process is kinetic 

energy of fission fragments which is almost equal to 83% of 

total energy [14]. Moreover out of remaining 17% of energy, 

2.5% released as kinetic energy of neutrons, 3.5% released in 

the form of instantly emitted gamma rays and 11% released 

as subsequent gamma and beta decays of the fission 

fragments.  

 

As per the conventional theory for energy generation in 

fission reaction [15], release of energy is accompanied by 

decrease in mass which is given by Einstein‟s equation E = 

(Mo − Mi)c
2 where, Mo and Mi are masses of original and 

product nuclei, at rest and unexcited. 

 

The release of energy is mainly in the form of 

electromagnetic radiation, taking into account what we have 

concluded in the section II that electromagnetic radiation can 

only be released by acceleration of charged particles. Thus, it 

can be stated that the release of energy, the electromagnetic 

radiation, during the fission process is not a result conversion 

of mass but only due to acceleration of charged particles. 
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4. Nuclear Fusion 
 

Nuclear fusion is the process in which two lighter nuclei 

combine to form larger nucleus. The fusion reaction in the 

sun is a multistep in which hydrogen is burnt to form helium 

[16]. This occurs by proton-proton (p-p) cycle. 

 

 
Figure 2: Proton-proton cycle 

 
The proton cycle start with collision of two protons (1

H+1
H) 

to form a deuteron (2
H), with simultaneous creation of a 

positron (e+) and neutrino (ν) the positron quickly 

encounter free electron (e−) in the sun and both particles 

annihilate, their mass energy as two gamma rays photon(γ). 

 

This is not in relation to what we have concluded in Section I 

because gamma rays are produced only due to acceleration 

of electron between different energy levels. Photon are 

emitted when electron jump from higher energy level to 

lower energy level. 

 

The reactions that appear most promising for a fusion power 

reactor involve deuterium and tritium [17]: 

 

 … (3) 

 

 … (4) 

 

 … (5) 

 

One major problem in obtaining energy from nuclear fusion 

is that the Coulomb repulsive force between two nuclei, 

which carry positive charges, must be overcome before they 

can fuse. This problem can be overcome by giving enough 

kinetic energy to two nuclei. This requirement can be 

accomplished by raising the fuel to extremely high 

temperatures (to approximately 108°K). At these high 

temperatures, the atoms are ionized and the system consists 

of a collection of electrons and nuclei, commonly referred to 

as plasma. 

 

For same mass, number of deuterium atoms is 100 times 

more than the uranium atoms and thus, the energy obtained 

in fusion is more than the energy obtained from fission. 

 

As high temperature is required for fusion, acceleration of 

charged particle is increased with temperature hence the 

excess energy is released in the form electromagnetic 

radiation, from which we can state that the excess energy is 

not due to reduction in mass of the Helium atom formed 

during fusion process. 

 

5. Conclusion 
 

The theoretical analysis done in this paper clearly states that 

electromagnetic waves are produced only when there is an 

acceleration of charged particle. In contradiction to this, in 

nuclear fission and nuclear fusion it is stated that the mass 

deficit that is observed during both the reactions is converted 

into energy which is in the form of electromagnetic waves. 

Therefore concluding our paper we propose that 

electromagnetic waves cannot be a conversion of mass and 

thus the energy obtained during nuclear fission and fusion is 

solely due to acceleration of charged particles available 

during the reaction. 
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