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Abstract: This paper analyzes the basic definition of light in physics, the mechanics of how it is transmitted through space, as well as how 

much energy it can convey, what are the laws that allow but at the same time limit its exploitation by modern engineering. Also, quantum 

mechanics basic principles are being presented along with definitions, such as stimulated emission of radiation, abstraction, stimulating 

energy sources, optical resonators, lasing mediums, and excitation systems. 

 

1. Introduction to Lasers 
For almost 6 decades now, lasers have deposited in our hands the 

power of photons. They allowed us to gather the energy of the light, 

focus it, and put it in our service. In less than a billionth of a second, 

a laser can emit a beam of light with an intensity of over one billion 

watts. Laser technology is based on the Physics field of Quantum 

Mechanics. The atoms inside a laser are stimulated to release 

photons in the form of a simple concentrated beam of light, which 

can make surgical incisions, and cauterize them at the same time, 

cure optical problems, imprint data, pilot aircrafts or even 

spacecrafts, and cut or weld with incredible precision and ease 

almost any material. Following the creation of the first lasers over 

60 years ago, their evolution was extremely fast. 

One of the most important discoveries based on this technology, 

were the semiconductor lasers, the heart of the optical 

communication networks that move sound, information, and video 

signals around the planet. The technology of lasers is the 

technology of the future. Scientists are constructing experimental 

lasers that emit powerful X-rays for the initiation of nuclear fusion. 

They manufacture semiconductors on an atomic size scale [1], 

where a million of them put together, would reach in size that of a 

fingernail on a human hand. The development of lasers utilizes 

many of the basic principles of physics and chemistry. Their 

contribution is critical to maintain and further improve the quality 

of our everyday life. 

2. What is a laser? 
Laser is an acronym used to explain Light Amplification via way of 

means of Stimulated Emission of Radiation. Lasers emit an 

electromagnetic radiation beam that is always monochromatic, 

collimated, and coherent in nature. Lasers consist of three main 

components: a lasing medium that can be either a solid, a liquid, or 

a gas, a stimulating energy source that is also called a pump, and an 

optical resonator.  

3. Reference baselines 
In classical physics, the definition of electromagnetic radiation is 

the flow of energy transmitted at the speed of light through space or 

through a material medium. This radiation is in the form of electric 

and magnetic fields that form electromagnetic waves such as radio 

waves, visible light, and gamma rays [3]. In these waves, time-

varying magnetic and electric fields are linked mutually with each 

other perpendicular to the direction of motion and at right angles. 

Intensity and frequency are the two basic characteristics of 

electromagnetic waves and as such, frequency ν defines the time 

variation of the electric and magnetic fields. Fig. 1 demonstrates the 

transmission of an electromagnetic wave and its wavelength. 

 
 

 

 

 

4. Quanta and the photoelectric effect 
In terms of modern quantum theory, in 1905, Einstein proposed a 

theory of the photoelectric effect using a concept that light consists 

of tiny packets of energy known as photons or light quanta. While 

free electrons can absorb any energy when irradiated if this is 

followed by an immediate reemission, like in the Compton effect, in 

quantum systems, all the energy from one photon is absorbed. Part 

of the acquired energy is used to set free an electron from its atomic 

bond, and the remaining energy contributes to the electron's kinetic 

energy as a free particle. Fig. 2 demonstrates the photoelectric 

effect. 

 
Thus, based on the photoelectric phenomenon analysis, light as 

electromagnetic radiation is the flow of photons, through space. 

Photons can be defined as packets of energy (hν) that move with the 

speed of light (c). Where (h) is Planck’s constant (h), and ν is the 

frequency of the electromagnetic wave. Identical photons have the 

same energy hν, and their density number corresponds to the 

radiation's intensity. 

5. The electromagnetic frequency spectrum 
Electromagnetic radiation can interact with charged particles in 

atoms, molecules, and larger objects of matter, affecting the ways in 

which electromagnetic radiation is observed, the way such radiation 

occurs in nature, and finally, the technological uses we have 

invented based on its frequency. 

The frequency spectrum of electromagnetic radiation extends from 

very low to very high values, ranging from radio waves, television 

waves, and microwaves to visible light and all the way through 

ultraviolet light, X-rays, and gamma rays. 

About 0.01% of the ratio of mass and energy of the universe 

appears in the form of electromagnetic radiation. Human life is 

based on it, and modern technological inventions such as 

communications and medical services are dependent on its forms 

[2]. Furthermore, all known living things depend on the 

electromagnetic radiation our star the Sun emits, such as the 

transformation of solar energy by photosynthesis into plant life or 

by biosynthesis into zooplankton, the basic step in the food chain in 

our oceans. Sun’s emitted radiation is what enables our eyes to see 

the visible portion of the electromagnetic range of frequencies. Fig. 

3 demonstrates the range of the electromagnetic frequencies. 
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6. Absorption 
The process in which electromagnetic energy is converted to the 

internal energy of electrons, atoms, or molecules is called 

absorption. When a photon is absorbed, the energy drives an 

electron in an atom from a lower to a higher energy level, and as a 

result, the internal momentum of the electron and the electron's 

internal quantum numbers change. Energy in a solar cell or 

photodetector is converted to electricity due to the excited charge 

carriers can now travel freely through the material. The electrons 

that absorb the energy can be part of atoms of either solids, liquids, 

gases, or plasmas. 

They can also appear around isolated neutral atoms, ionic 

compounds, or organic molecules. Similarly, the electrons 

absorbing the energy may be part of conductive, insulating, or 

semiconducting materials [5]. The photons absorbed may be within 

the range of the spectrum visible to the human eye, with individual 

energies between 1.9 to 3.1 eV. 

Multiple orders of magnitude larger or smaller energies than the 

energy of a visible photon, are also possible. 

As an example, in isolated neutral neon atoms in the ground state, 

electrons occupy the energy level but not the 2p energy level. These 

energy levels are 3s separated by an energy gap of 1.96eV. This 

corresponds to the energy of red photons having a wavelength of 

632.8 nm. 

Having a photon of this energy that impinges on neon gas, will lead 

to the photon being absorbed, and a neon atom electron being 

excited to the highest energy level. Smaller energy photons will not 

be absorbed [4]. Larger energy photons may be absorbed depending 

on allowed energy levels. 

Similarly, the energy gap of gallium phosphide is 2.2 eV which is 

similar to the energy of a green photon with a wavelength of 549 

nm. If a photon of this energy impinges on such a semiconductor, it 

may as well be absorbed. 

Fig. 4 Photon absorption. 

 
 

7. Spontaneous and stimulated emission 
When an excited electron or molecule decays to a lower energy 

level while in the process it emits a photon, it is called spontaneous 

emission. This is a naturally occurring process and does not involve 

the interaction of other particles. Spontaneous emission lifetime is 

the average decay time that spontaneous emission occurs. The time 

frame for excited energy levels is usually measured in nanoseconds, 

while for relatively lower energy levels, it can occur within a few 

seconds. 

Similarly with absorption, it can take place in isolated atoms, ionic 

compounds, molecules, various materials, solids, liquids, and gases. 

Due to the decay of the electron, the energy converts either to heat, 

mechanical vibrations, or electromagnetic photons [5]. If it is 

converted to photons, the process is called spontaneous emission, 

and the energy of the photon produced is equal to the energy 

difference between the electron energy levels involved. 

The emitted photon may have any direction, phase, and 

electromagnetic polarization. The process with which an excited 

electron or molecule interacts with a photon is called stimulated 

emission and has as a result the emission of a photon and the decay 

to an available lower energy level. As previously mentioned, this 

process can occur in isolated atoms, ionic compounds, organic 

molecules, and other materials, solids, liquids, and gases. 

Stimulated emission can occur if an incoming photon, with energy 

equal to the difference between allowed levels of energy, interacts 

with an electron in an excited state. The energy of the excited 

electron will be converted to the energy that the photon has. The 

stimulated photon will have the same frequency, direction, phase, 

and electromagnetic polarization as the incoming photon which 

initiated the process as shown in Fig. 5. 

 
8. Population inversion 
The redistribution of atomic energy levels within a system so that 

light amplification by stimulated emission of radiation can occur is 

called population inversion. In normal conditions, a system of 

atoms is in temperature equilibrium where more atoms exist in low-

energy levels than in higher ones. Even though both energy 

absorption and emission are continuous processes, the distribution, 

also known as the statistical population of atoms, inhabiting the 

various energy states is constant [4]. 

When energy is pumped into the system, this distribution is 

disturbed, and as a result, a population inversion takes place, in 

which the equilibrium shifts, and more atoms exist in the higher 

energy levels than in the lower as it appears in Fig. 6. 

 
The inversion of the statistical population is a necessary condition 

for the operation of all lasers, regardless of their wavelength or 

power. 

The chain reaction principle is a requirement for all lasers to 

operate, therefore excited atoms are the fuel of the laser chain 
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reaction, while ground-state lower energy atoms will inhibit the 

operation of the laser and is critical in understanding the 

engineering principals behind the various types of lasers and their 

industrial applications to follow. 
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