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INTRODUCTION TO LASERS 

INTRODUCTION 

The word “LASER” is abbreviation for “Light Amplification by Stimulated Emission 

of Radiation”. Historically the LASER is the outgrowth of ‘MASER’ which means 

“Microwave Amplification by Stimulated Emission of Radiation”. If the Stimulated radiation 

lies in the optical region, the device is called optical MASER or LASER. 

In 1960, LASER was introduced as an appealing method for the production of highly 

intense, highly monochromatic, collimated and highly coherent beam of light. The principle of 

Laser is based on the phenomenon of stimulated emission first predicted by Einstein in 1916. 

ABSORPTION, SPONTANEOUS EMISSION AND STIMULATED EMISSION 

Absorption of Radiation: An atom has a large number of quantised energy states. Initially, an 

atom is in ground state i.e. all of its electrons possess lowest possible energy state. When energy 

is given to an atom, it goes to excited state i.e., its electron jumps to higher energy state by 

absorbing a quantum of radiation or photon. This process is called the absorption of radiation.  

 

Fig. 1. Stimulated Absorption 

If 𝐸1 and 𝐸2 are energies of electron in initial and final state and 𝜈 the frequency of absorbed 

radiation, then  

 𝐸2 − 𝐸1 = ℎ𝜈, ℎ being Planck’s constant  
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i.e. 𝜈 =
𝐸2 − 𝐸1

ℎ
 

 

The absorption is an induced (or stimulated) process.  

The number of stimulated absorptions per unit time per unit volume is proportional to the 

number of atoms in the initial state and the energy density 𝑢(𝜈) of the radiation i.e., 

 (𝑅12)𝑆𝑡𝑖.  𝐴𝑏𝑠. ∝ 𝑁1𝑢(𝜈)  

i.e. (𝑅12)𝑆𝑡𝑖.  𝐴𝑏𝑠. = 𝐵12𝑁1𝑢(𝜈) …(1) 

where 𝐵12(the constant of proportionality) depends on the properties of states 1 and 2 and is 

called Einstein’s coefficient for absorption of radiation. 

Spontaneous Emission:  An atom in excited remains for only about 10−8 second. If then, of 

its own accord, jumps to lower energy state emitting a radiation. If initially the atom is in 

excited state 2, then it spontaneously jumps to state 1, emitting a photon of frequency 𝜈 given 

by 

 𝜈 =
𝐸2 − 𝐸1

ℎ
 

 

This process is called spontaneous emission of radiation. If there are a large number of atoms 

in excited state, the photons emitted by different atoms have a random phase and hence they 

are incoherent. 

 

Fig. 2. Spontaneous Emission 

The number of spontaneous emissions per unit time per unit volume depends only on the 

number of atoms in the excited state i.e.  
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 (𝑅21)𝑆𝑝.  𝐸𝑚𝑖. ∝ 𝑁2  

i.e. (𝑅21)𝑆𝑝.  𝐸𝑚𝑖. = 𝐴21𝑁2 …(2) 

where 𝐴21(the constant of proportionality) is called Einstein’s coefficient of spontaneous 

emission of radiation. 

Stimulated or Induced Emission: If an atom is in excited state, then an incident photon of 

correct energy may cause the atom to jump to lower energy state, emitting an additional photon 

of the same frequency. Thus, now two photons of same frequency are present. This 

phenomenon is called stimulated emission of radiation. These two photons are coherent and 

travel in the same direction. For example, suppose we have two energy states 𝐸1 and 𝐸2; 𝐸2 is 

higher (excited) energy state. The atom is in excited state. If a photon of frequency 𝜈 is made 

incident on it, the atom jumps to lower energy state, emitting an additional photon of frequency 

𝜈. 

 

Fig. 3. Stimulated Emission 

The number of stimulated emissions per unit time per unit volume is proportional to the number 

of atoms in the excited state and the density of stimulating radiation i.e.  

 ( 𝑅21)𝑆𝑡.  𝐸𝑚𝑖. ∝ 𝑁2𝑢(𝜈)  

i.e. ( 𝑅21)𝑆𝑡.  𝐸𝑚𝑖. = 𝐵21𝑁2𝑢(𝜈) …(2) 

where 𝐵21(the constant of proportionality) is called Einstein’s coefficient of stimulated 

emission of radiation. 
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RELATION BETWEEN EINSTEIN’S A AND B COEFFICENTS 

Consider an assembly of atoms in thermal equilibrium at temperature 𝑇 with radiation of 

frequency 𝜈 and energy density 𝑢(𝜈). Let 𝑁1 and 𝑁2 be the number of atoms in energy states 

1 and 2, respectively at any instant. The number of stimulated absorptions per unit time per 

unit volume for transition 1 → 2 is 

 (𝑅12)𝑆𝑡𝑖.  𝐴𝑏𝑠. = 𝐵12𝑁1𝑢(𝜈) …(1) 

where 𝑢(𝜈) is energy density of radiation of frequency 𝜈 and 𝐵12 is constant. 

The total rate of emission transition 2 → 1 is the sum of spontaneous and stimulated emission 

transition i.e.  

 (𝑅21)𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑖. = (𝑅21)𝑆𝑝.  𝐸𝑚𝑖. + (𝑅12)𝑆𝑡𝑖.  𝐴𝑏𝑠.  

 (𝑅21)𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑖. = 𝐴21𝑁2 + 𝐵21𝑁2𝑢(𝜈) …(2) 

In thermal equilibrium, the number of upward transitions must be equal to the number of 

downward transitions i.e. 

 (𝑅12)𝑆𝑡𝑖.  𝐴𝑏𝑠. = (𝑅21)𝑆𝑝.  𝐸𝑚𝑖. + (𝑅12)𝑆𝑡𝑖.  𝐴𝑏𝑠. …(3) 

i.e. 𝐵12𝑁1𝑢(𝜈) = 𝐴21𝑁2 + 𝐵21𝑁2𝑢(𝜈)  

i.e. 𝐵12𝑁1𝑢(𝜈) − 𝐵21𝑁2𝑢(𝜈) = 𝐴21𝑁2  

i.e. 𝑢(𝜈)(𝐵12𝑁1 − 𝐵21𝑁2) = 𝐴21𝑁2  

i.e. 𝑢(𝜈) =
𝐴21𝑁2

(𝐵12𝑁1 − 𝐵21𝑁2)
 

 

i.e. 𝑢(𝜈) =
𝐴21

𝐵21
∙

1

𝑁1

𝑁2
(

𝐵12

𝐵21
) − 1

 …(4) 

According to Boltzmann distribution law the number of atoms 𝑁1 and 𝑁2 in energy states 𝐸1 

and 𝐸2 in thermal equilibrium at temperature 𝑇 are given by 

 𝑁1 = 𝑁0𝑒−𝐸1/𝑘𝑇 and 𝑁2 = 𝑁0𝑒−𝐸2/𝑘𝑇  
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where 𝑁0 is the total number of atoms present and 𝑘 is Boltzmann’s constant. 

 𝑁2

𝑁1
 =

𝑒−𝐸2/𝑘𝑇

𝑒−𝐸1/𝑘𝑇
= 𝑒−(𝐸2−𝐸1)/𝑘𝑇 

 

But (𝐸2 − 𝐸1) = ℎ𝜈 (energy of photon emitted or absorbed). 

 𝑁2

𝑁1
 = 𝑒−(𝐸2−𝐸1)/𝑘𝑇 

 

i.e. 𝑁1

𝑁2
 = 𝑒ℎ𝜈/𝑘𝑇 …(5) 

Substituting this value in equation (4), we get 

 𝑢(𝜈) =
𝐴21

𝐵21
∙

1

𝑒ℎ𝜈/𝑘𝑇 (
𝐵12

𝐵21
) − 1

 
 

Comparing it with Planck’s radiation formula 

 𝑢(𝜈) =
8𝜋ℎ𝜈3

𝑐3
∙

1

𝑒ℎ𝜈/𝑘𝑇 (
𝐵12

𝐵21
) − 1

 …(6) 

We get 

 
𝐴21

𝐵21
=

8𝜋ℎ𝜈3

𝑐3
 and 

𝐵12

𝐵21
= 1 …(7) 

From equation (7), we see that  

(i) 𝑩𝟏𝟐 = 𝑩𝟐𝟏: The Einstein’s coefficients represent the transition probabilities per unit 

volume. This condition states that the stimulated absorption and stimulated emission are 

equally probable. 

(ii)  
𝑨𝟐𝟏

𝑩𝟐𝟏
∝ 𝝂𝟑: That is the ratio of spontaneous emission and stimulated emission is proportional 

to 𝜈3. It means that the probability of spontaneously emission dominates over stimulated 

emission more and more as the energy difference between the two states increases. 
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POPULATION INVERSION 

Consider an energy state 𝐸 containing 𝑁 atoms per unit volume. This number 𝑁 is called 

population and is given by Boltzmann’s equation 

𝑁 = 𝑁0𝑒−𝐸1/𝑘𝑇 

where 𝑁0 is the population in the ground state (𝐸 = 0), 𝑘 is Boltzmann’s constant and 𝑇 is 

absolute temperature. 

 

Fig. 4. Population of excited states in normal and population inversion state 

From equation (1) it is clear that the population is maximum in the ground state and decreases 

exponentially as we go to higher energy states. 

If 𝑁1 is the population in the lower energy state 𝐸1 and 𝑁2 that in higher energy state 𝐸2, then 

we have 

  𝑁1 = 𝑁0𝑒−𝐸1/𝑘𝑇  

 𝑁2 = 𝑁0𝑒−𝐸1/𝑘𝑇  

∴ 𝑁2

𝑁1
 =

𝑒−𝐸2/𝑘𝑇

𝑒−𝐸1/𝑘𝑇
= 𝑒−(𝐸2−𝐸1)/𝑘𝑇 

 

 𝑁2 = 𝑁1𝑒−(𝐸2−𝐸1)/𝑘𝑇  

As 𝐸2 > 𝐸1,  𝑁2 < 𝑁1  
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As 𝑁1 > 𝑁2, therefore if an electromagnetic wave is incident on the substance, there is net 

absorption of radiation. Usually the population decreases with increase of energy of the state. 

If 𝑁1, 𝑁2, 𝑁3 are the populations in energy states 𝐸1, 𝐸2, 𝐸3 respectively such that 𝐸1 < 𝐸2 <

𝐸3, then 𝑁1 > 𝑁2 > 𝑁3 [See Fig. 4(a)]. 

If the process of stimulated emission dominates over the process of spontaneous emission, then 

it may be possible that 𝑁2 > 𝑁1. 

If this happens the state is called the population inversion. 

In the state of population inversion, the upper levels are more populated than the lower levels. 

Fig. 4(b) represents a state in which 𝑁2 > 𝑁1, i.e. the state of population inversion. To achieve 

population inversion external energy is supplied to excite the atoms of the substance. In some 

substances which contain metastable states, this may be achieved practically. 

COMPONENTS OF LASER 

The essential components of a laser are: 

(1) An active medium 

(2) A pumping agent 

(3) An optical resonator 

Active medium: Atoms are in general characterized by a large number of energy levels. 

However, all types of atoms are not suitable for laser operation. Even in a medium consisting 

of different species of atoms, only a small fraction of atoms of a particular type have energy 

level system suitable for achieving population inversion. Such atoms can produce more 

stimulated emission than spontaneous emission and cause amplification of light. Those atoms, 

which cause laser action are called active centres. The rest of the medium acts as host and 

supports active centres. The medium hosting the active centres is called the active medium. It 
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is also called laser medium. An active medium is a medium which when excited reaches 

the state of population inversion and promotes stimulated emissions leading to light 

amplification. 

Pumping: For achieving and maintaining the condition of population inversion, we have to 

raise continuously the atoms in the lower energy level to the upper energy level. It requires 

energy to be supplied to the system. Pumping is the process of supplying energy to the laser 

medium with a view to transfer it into the state of population inversion. Because 𝑁1 is 

originally very much larger than 𝑁2, a large amount of input energy is required to momentarily 

increase 𝑁2 to a value comparable to 𝑁1. Pump is the agency which supplies the energy. 

There are a number of techniques for pumping a collection of atoms to an inverted state.  

1. Optical pumping: In optical pumping, a light source such as a flash discharge tube is 

used to illuminate the active medium. This method is adopted in solid state lasers. 

2. Electrical discharge: In electrical discharge method, the electric field causes 

ionization of the medium and raises it to the excited state. 

3. In semiconductor diode lasers, a direct conversion of electrical energy into light energy 

takes place. 

 

Fig. 5. Optical Resonant Cavity 

Optical Resonant Cavity: Laser is a light source and it is analogous to an electronic oscillator. 

An electronic oscillator is essentially an amplifier supplied with a positive feedback. A part of 

the output of the amplifier is taken and fed back at its input. When the amplifier is switched 
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on, electrical noise signal of appropriate frequency present at the input will be amplified; the 

output is fed back to the input and amplified again and so on. A stable output is reached when 

the oscillator acts as a source of a particular frequency. 

In laser the active medium is the amplifying medium. It is converted into an oscillator 

through the feedback mechanism established by an optical resonator. A pair of optically plane 

mirrors constitutes an optical resonant cavity. It is known as a Fabry-Perot resonator. One of 

these mirrors is fully reflecting and reflects all the light that is incident on it. The other mirror 

is made partially reflecting such that more than 90 % of incident light is reflected from it and 

a small fraction is transmitted through it as the laser beam. 

In laser, the role of noise is played by chance photons emitted spontaneously. The 

photos emitted along the optic axis of the resonant cavity travel through the medium and trigger 

stimulated emissions. They are reflected by the end mirror and reverse their path. The photons 

are thus fed back into the medium and travel toward the opposite end mirror causing more 

stimulated emissions. The photons are once more reflected at the mirror and travel toward the 

opposite mirror. Substantial light amplification takes place because the light beam is reflected 

several times at the mirrors and gains strength in each passage. Ultimately, when the 

amplification balances the losses in the cavity, the laser beam emerges out from the front – end 

mirror. In the absence of resonator cavity, there would be no amplification of light. 

THRESHOLD CONDITION FOR OSCILLATION 

As the light bounces back and forth in the optical resonator, it undergoes amplification as well 

as it suffers various losses. The losses occur mainly due to transmission at the output mirror 

and due to the scattering and diffraction of light within the active medium. For the proper build 

up of oscillations, it is essential that the amplification between two consecutive reflections of 
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light beam from rear end mirror can balance the losses. We can determine the threshold gin by 

considering the change in intensity of a beam of light undergoing a round trip within the 

resonator. 

Fig. 6 shows the round trip path of the radiation through the laser cavity. The path is divided 

into sections numbered by 1-5, while point “5” is the same point as “1”.  

 

Fig. 6. Round trip path of the radiation through the laser cavity 

Let us assume that the laser medium fills the space between the mirrors 𝑀1 and 𝑀2, which have 

reflectivity 𝑅1 and 𝑅2 respectively.  Let the mirrors be separated by a distance 𝐿. Further, let 

the intensity of the light beam be 𝐼0 at 𝑀1. Then, in travelling from mirror 𝑀1 to mirror 𝑀2, 

then beam intensity increases from 𝐼0 to 𝑀1. Then, in travelling from mirror 𝑀1 to mirror 𝑀2, 

the beam intensity increases from 𝐼0 to 𝐼(𝐿), which is given by 

 𝐼(𝐿) = 𝐼0𝑒(𝛾 − 𝛼𝑠)𝐿  

After reflection at 𝑀2, the beam intensity will be 𝑅2𝐼0𝑒(𝛾 − 𝛼𝑠)𝐿 

And after a complete round trip the final intensity will be  

 𝐼(2𝐿) = 𝑅1𝑅2𝐼0𝑒(𝛾 − 𝛼𝑠)2𝐿  

The amplification obtained during the round trip is 

 
𝐺 =

𝐼(2𝐿)

𝐼0
= 𝑅1𝑅2𝑒(𝛾 − 𝛼𝑠)2𝐿 
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The product 𝑅1𝑅2 represents the losses at the Mirror whereas 𝛼𝑠 includes all the distributed 

losses such as scattering, diffraction and absorption occurring in the medium. The losses are 

balanced by gain, when 𝐺 ≥ 1 or 𝐼(2𝐿) ≥ 𝐼0. It implies that  

 𝑅1𝑅2𝑒(𝛾 − 𝛼𝑠)2𝐿 ≥ 1  

⟹ 𝑒(𝛾 − 𝛼𝑠)2𝐿 ≥
1

𝑅1𝑅2
 

 

Taking logarithms on both sides, we get 

 
(𝛾 −  𝛼𝑠)2𝐿 ≥ 𝑙𝑛 (

1

𝑅1𝑅2
) 

 

⟹ 𝛾 −  𝛼𝑠 ≥
1

2𝐿
𝑙𝑛 (

1

𝑅1𝑅2
) 

 

⟹ 𝛾 ≥  𝛼𝑠 +
1

2𝐿
𝑙𝑛 (

1

𝑅1𝑅2
) 

 

 

Equation is known as the condition for lasing. It shows that the initial gain must exceed the 

sum of the losses in the cavity. This condition is used to determine the threshold value of 

pumping energy for lasing action. 

𝛾, the amplification of the laser will be independent on how hard the laser medium is pumped. 

As the pump power is slowly increased, a value of 𝛾𝑡ℎ called threshold value is reached and 

the laser starts oscillating. The threshold value 𝛾𝑡ℎ is given by  

 
𝜸𝒕𝒉 =  𝜶𝒔 +

𝟏

𝟐𝑳
𝒍𝒏 (

𝟏

𝑹𝟏𝑹𝟐
) 

 

TYPES OF LASERS AND APPLICATIONS 

Lasers have found wide applications in areas as diverse as optical communications, medical 

surgery, welding technology, entertainment electronics etc. What makes such veritable use of 

lasers possible is the highly collimated nature of the laser beams and the consequent possibility 
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of delivering a very high energy density in a limited region of space. Depending on the material 

used for the active medium, lasers are broadly classified as (i) solid state lasers (ii) 

conventional or gas lasers (iii) liquid lasers and (iv) semiconductor lasers. Among the gas 

lasers, some of the most commonly used ones are Helium - Neon laser, Carbon dioxide laser 

and Argon- ion laser. 

1. RUBY LASER – A SOLID STATE LASER 

The first laser to be operated successfully was the ruby laser which was fabricated by Maiman 

in 1960. Ruby, which is the lasing medium, consists of a matrix of aluminum oxide in which 

some of the aluminum ions are replaced by chromium ions. It is the energy levels of the 

chromium ions which take part in the lasing action. Typical concentrations of chromium ions 

are ~0.05% by weight. The energy level diagram of the chromium ion is shown in Fig. 7. As 

is evident from figure this a three-level laser. The pumping of the chromium ions is performed 

with the help of flash lamp (e.g., a xenon or krypton flashlamp) and the chromium ions in the 

ground state absorb radiation around wavelengths of 5500 Å and 4000 Å and are excited to the 

levels marked 𝐸1 and 𝐸2. The chromium ions excited to these levels relax rapidly through a 

non-radiative transition (in a time ∼ 10−8 − 10−9 𝑠) to the level marked 𝑀 which is the upper 

laser level. The level 𝑀 is a metastable level with a lifetime of ∼ 3 𝑚𝑠. Laser emission occurs 

between level 𝑀 and the ground state 𝐺 at an output wavelength of 𝜆0 = 6943Å. 
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Fig.7. The energy levels of the chromium ions in the ruby laser 

The flashlamp operation of the laser leads to a pulsed output of the laser. As soon as 

the flashlamp stops operating the population of the upper level is depleted very rapidly and 

lasing action stops till the arrival of the next flash. Even during the short period of a few tens 

of microseconds in which the laser is oscillating, the output is a highly irregular function of 

time with the intensity having random amplitude fluctuations of varying duration as shown in 

Fig. 8. This is called laser spiking, the formation of which can be understood as follows: when 

the pump is turned on, the intensity of light at the laser transition is small and hence the pump 

builds up the inversion rapidly. Although under steady-state conditions the inversion cannot 

exceed the threshold inversion, on a transient basis it can go beyond the threshold value due to 

the absence of sufficient laser radiation in the cavity which causes stimulated emission. Thus 

the inversion goes beyond threshold when the radiation density in the cavity builds up rapidly. 

Since the inversion is greater than threshold, the radiation density goes beyond the steady-state 

value which in turn depletes the upper level population and reduces the inversion below 
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threshold. This leads to an interruption of laser oscillation till the pump can again create an 

inversion beyond threshold. This cycle repeats itself to produce the characteristic spiking in 

lasers. 

 

Fig. 8. Temporal output power variations of a ruby laser beam leading to what is referred to as laser spiking. The 

three figures show regular spiking, partially regular spiking and irregular spiking. 

Fig. 9 shows a typical setup of a flashlamp pumped pulsed ruby laser. The helical 

flashlamp is surrounded by a cylindrical reflector to direct the pump light onto the ruby rod 

efficiently. The ruby rod length is typically 2–20 cm with diameters of 0.1–2 cm. The typical 

input electrical energies required are in the range of 10 − 20 𝑘𝐽. In addition to the helical 

flashlamp pumping scheme shown in Fig. 9, one may use other pumping schemes such as that 

shown in Fig. 10 in which the pump lamp and the laser rod are placed along the foci of an 

elliptical cylindrical reflector. It is well known that the elliptical reflector focuses the light 
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emerging from one focus into the other focus of the ellipse, thus leading to an efficient focusing 

of pump light on the laser rod.  

 

Fig. 9. A typical setup of a flashlamp pumped-pulsed ruby laser. The flashlamp is covered by a cylindrical 

reflector for efficient coupling of the pump light to the ruby rod. 

 

Fig. 10. Elliptical pump cavity in which the lamp and the ruby rod are placed along the foci of the elliptical 

cylindrical reflector. 

In spite of the fact that the ruby laser is a three-level laser, it still is one of the important 

practical lasers. The absorption bands of ruby are very well matched with the emission spectra 

of practically available flashlamps so that an efficient use of the pump can be made. It also has 

a favourable combination of a long lifetime and a narrow linewidth. The ruby laser is also 
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attractive from an application point of view since its output lies in the visible region where 

photographic emulsions and photodetectors are much more sensitive than they are in the 

infrared region. Ruby lasers find applications in pulsed holography, in laser ranging, etc. 

2. He–Ne LASER – A GAS LASER 

The first gas laser to be operated successfully was the He–Ne laser. As we discussed 

earlier in solid-state lasers, the pumping is usually done using a flashlamp or a continuous high-

power lamp. Such a technique is efficient if the lasing system has broad absorption bands. In 

gas lasers since the atoms are characterized by sharp energy levels as compared to those in 

solids, one generally uses an electrical discharge to pump the atoms. 

 

Fig. 11.  A typical He–Ne laser with external mirrors. The ends of the discharge tube are fitted with Brewster 

windows. 

The He–Ne laser consists of a long and narrow discharge tube (diameter ~ 2 − 8 𝑚𝑚 

and length 10 − 100 𝑐𝑚) which is filled with helium and neon with typical pressures of 1 𝑡𝑜𝑟𝑟 

and 0.1 𝑡𝑜𝑟𝑟 (Torr is a unit of pressure and 1 𝑡𝑜𝑟𝑟 = 1 𝑚𝑚 Hg). The actual lasing atoms are 

the neon atoms and as we shall discuss helium is used for a selective pumping of the upper 

laser level of neon. The laser resonator may consist of either internal or external mirrors (see 
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Fig. 11). Fig. 12 shows the energy levels of helium and neon. When an electrical discharge is 

passed through the gas, the electrons which are accelerated down the tube collide with helium 

and neon atoms and excite them to higher energy levels. The helium atoms tend to accumulate 

at levels 𝐹2 and 𝐹3 due to their long lifetimes of ~10−4 and 5 × 10−6 𝑠, respectively. Since the 

levels 𝐸4 and 𝐸6 of neon atoms have almost the same energy as 𝐹2 and 𝐹3, excited helium 

atoms colliding with neon atoms in the ground state can excite the neon atoms to 𝐸4 and 𝐸6. 

Since the pressure of helium is ten times that of neon, the levels 𝐸4 and 𝐸6 of neon are 

selectively populated as compared to other levels of neon. 

 

Fig. 12. Low lying energy levels of helium and neon taking part in the He–Ne laser 

Transition between 𝐸6 and 𝐸3 produces the very popular 6328 Å line of the He–Ne 

laser. Neon atoms de-excite through spontaneous emission from 𝐸3 to 𝐸2 (lifetime ∼ 10−8 𝑠). 

Since this time is shorter than the lifetime of level 𝐸6 (which is ∼ 10−7 𝑠) one can achieve 
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steady-state population inversion between 𝐸6 and 𝐸3. Level 𝐸2 is metastable and thus tends to 

collect atoms. The atoms from this level relax back to the ground level mainly through 

collisions with the walls of the tube. Since 𝐸2  is metastable it is possible for the atoms in this 

level to absorb the spontaneously emitted radiation in the 𝐸3 → 𝐸2 transition to be re-excited 

to 𝐸3. This will have the effect of reducing the inversion. It is for this reason that the gain in 

this laser transition is found to increase with decreasing tube diameter.  

The other two important wavelengths from the He–Ne laser are 1.15 and 3.39 𝜇𝑚, 

which correspond to the 𝐸4 → 𝐸3 and 𝐸6 → 𝐸5 transitions. It is interesting to observe that both 

3.39 𝜇𝑚 and 6328 Å transitions share the same upper laser level. Now since the 3.39 𝜇𝑚 

transition corresponds to a much lower frequency than the 6328 Å line, the Doppler broadening 

is much smaller at 3.39 𝜇𝑚 and also since gain depends inversely on 𝜈2, the gain at 3.39 𝜇𝑚 

is much higher than at 6328 Å. Thus due to the very large gain, oscillations will normally tend 

to occur at 3.39 𝜇𝑚 rather than at 6328 Å. Once the laser starts to oscillate at 3.39 𝜇𝑚, further 

build-up of population in 𝐸6 is not possible. The laser can be made to oscillate at 6328 Å by 

either using optical elements in the path which strongly absorb the 3.39 𝜇𝑚 wavelength or 

increasing the linewidth through the Zeeman effect by applying an inhomogeneous magnetic 

field across the tube. 

If the resonator mirrors are placed outside the discharge tube then reflections from the 

ends of the discharge tube can be avoided by placing the windows at the Brewster angle (see 

Fig. 11). In such a case the beam polarized in the plane of incidence suffers no reflection at the 

windows while the perpendicular polarization suffers reflection losses. This leads to a polarized 

output of the laser. 
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