
 

International Journal of Research 
Available at https://edupediapublications.org/journals 

e-ISSN: 2348-6848  
p-ISSN: 2348-795X  
Volume 04 Issue14 

November 2017 

 

Available online: https://edupediapublications.org/journals/index.php/IJR/ P a g e  | 2593 

Theory and Application of Ruby Laser 

Nishar Ahamad , Chhail Bihari Lomod , Deepak Gaur, Suresh Kumar Meena, Girraj Prasad Prajapati 

Department of Physics, Students, B.Sc.  First  year, Parishkar College of Global Excellence, Jaipur 

Abstract: 

In this paper explain Working Process of ruby Laser, 

applications   and Future  Aspects 
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Introduction  

A ruby laser is a solid-state laser that uses the synthetic 

ruby crystal as its laser medium. Ruby laser is the first 

successful laser developed by Maiman in 1960.Ruby 

laser is one of the few solid-state lasers that produce 

visible light. It emits deep red light of wavelength 694.3 

nm. 

Construction of ruby laser 

A ruby laser consists of three important elements: laser 

medium, the pump source, and the optical  

 

 

 

 

 

 

 

 

 

resonator. Laser medium or gain medium in ruby laser 

.In a ruby laser, a single crystal of ruby (Al2O3 : Cr3+) in 

the form of cylinder acts as a laser medium or active 

medium. The laser medium (ruby) in the ruby laser is 

made of the host of sapphire (Al2O3) which is doped 

with small amounts of chromium ions (Cr3+). The ruby 

has good thermal properties. 

 

Pump source or energy source in ruby 

laser 

The pump source is the element of a ruby laser system 

that provides energy to the laser medium. In a ruby 

laser, population inversion is required to achieve laser 

emission. Population inversion is the process of 

achieving the greater population of higher energy state 

than the lower energy state. In order to achieve 

population inversion, we need to supply energy to the 

laser medium (ruby).In a ruby laser, we use flashtube as 

the energy source or pump source. The flashtube 

supplies energy to the laser medium (ruby). When lower 

energy state electrons in the laser medium gain 

sufficient energy from the flashtube, they jump into the 

higher energy state or excited state. 

Optical resonator 
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The ends of the cylindrical ruby rod are flat and parallel. 

The cylindrical ruby rod is placed between two mirrors. 

The optical coating is applied to both the mirrors. The 

process of depositing thin layers of metals on glass 

substrates to make mirror surfaces is called 

silvering. Each mirror is coated or silvered 

differently. At one end of the rod, the mirror is fully 

silvered whereas, at another end, the mirror is partially 

silvered.The fully silvered mirror will completely reflect 

the light whereas the partially silvered mirror will 

reflect most part of the light but allows a small portion 

of light through it to produce output laser light. 

Working of ruby laser 

The ruby laser is a three level solid-state laser. In a ruby 

laser, optical pumping technique is used to supply 

energy to the laser medium. Optical pumping is a 

technique in which light is used as energy source to 

raise electrons from lower energy level to the higher 

energy level. Consider a ruby laser medium consisting 

of three energy levels E1, E2, E3 with N number of 

electrons. 

We assume that the energy levels will be E1 < E2 < E3. 

The energy level E1 is known as ground state or lower 

energy state, the energy level E2 is known as metastable 

state, and the energy level E3 is known as pump 

state.Let us assume that initially most of the electrons 

are in the lower energy state (E1) and only a tiny number 

of electrons are in the excited states (E2 and E3) 

 

Pumping Levels for Ruby Laser 

 

 

When light energy is supplied to the laser medium 

(ruby), the electrons in the lower energy state or ground 

state (E1) gains enough energy and jumps into the pump 

state (E3).The lifetime of pump state E3 is very small 

(10-8 sec) so the electrons in the pump state do not stay 

for long period. After a short period, they fall into the 

metastable state E2 by releasing radiationless energy. 

The lifetime of metastable state E2 is 10-3 sec which is 

much greater than the lifetime of pump state E3. 

Therefore, the electrons reach E2much faster than they 

leave E2. This results in an increase in the number of 

electrons in the metastable state E2 and hence population 

inversion is achieved.After some period, the electrons in 

the metastable state E2 falls into the lower energy state 

E1 by releasing energy in the form of photons. This is 

called spontaneous emission of radiation.When the 

emitted photon interacts with the electron in the 

metastable state, it forcefully makes that electron fall 

into the  ground state E1. As a result, two photons are 

emitted. This is called stimulated emission of 
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radiation.When these emitted photons again interacted 

with the metastable state electrons, then 4 photons are 

produced. Because of this continuous interaction with 

the electrons, millions of photons are produced. In an 

active medium (ruby), a process called spontaneous 

emission produces light. The light produced within the 

laser medium will bounce back and forth between the 

two mirrors. This stimulates other electrons to fall into 

the ground state by releasing light energy. This is called 

stimulated emission. Likewise, millions of electrons are 

stimulated to emit light. Thus, the light gain is achieved. 

Applications 

Range finding is one of the first applications of the ruby 

laser. It was initially used to optically pump tunable dye 

lasers. It is rarely used in industry due to its low 

repetition rates and low efficiency. 

Some typical applications of ruby laser include the 

following: 

 Laser metal working systems for drilling holes 

in hard materials 

 High-power systems for frequency doubling 

into the UV spectrum 

 High-brightness holographic camera systems 

with long coherent length 

 Medical laser systems for tattoo removal and 

cosmetic dermatology 

 High-power Q-switched system. 

Conclusions 

1.The active laser medium (laser gain, 

amplification medium) is a synthetic ruby rod. 

Ruby is an aluminum oxide crystalin which some 

of the aluminum atoms have been replaced with 

chromium atoms (0.05%by weight), Chromium 

gives ruby its characteristic red color and is 

responsible for lasing behavior of the crystal 

.Chromium atoms absorb green and blue light and 

emit or reflectOnly red light .for a ruby laser ,a 

crystal of ruby is formed into a cylinder . 

2.Laser can be used for many application ,help 

people develop in many things in our daily life  
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