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Comparing the two phenomena 
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Stimulated Emission 

• When atom is in excited state E2 and photon of 
energy h = E2 – E1 is incident on it, it may be 
pushed to lower state of energy E1. 

• The energy difference between the two states is 
given as an additional photon. 

• The two outgoing photons are coherent. 
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Basic principle behind laser 

• LASER is an acronym for Light Amplification by 
Stimulated Emission of Radiation 

• When a right energy photon hits an excited atom, it can 
cause stimulated emission of two coherent photons. 

• If these two photons are further used to cause stimulated 
emission, then there will be four coherent photons.  

• So if large number of atoms are already in excited state, 
then one spontaneous emission can cause a chain of 
stimulated emissions with all coherent photons. 

• This is amplification of light and it is caused by 
stimulated emission. 
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Basic structure 

• Active medium – where large number of atoms 
must be already in the excited state. This 
condition is called as population inversion. 

• Pumping – this is used to achieve population 
inversion. 

• Resonator – this is used to chose particular 
wavelength for lasing action. 
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Why population inversion is difficult? 

• When multiple energy states are available to atoms, 
the statistical distribution is observed. 

• The probability that atom will have particular 
energy E’ is given by Boltzmann factor exp(-E’/kT), 
where k is Boltzmann constant and T is absolute 
temperature of the system. 

• Hence higher the energy E’, lower is the probability 
that atom will stay in that energy level. 

• This implies that in general in any system more 
atoms will be in the lower energy state than higher 
energy state. 
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Calculation 

• Typical energy level for atoms is in electron volt.  

• Compare the probability that atom will be in higher energy 
state by 1eV. 

• P1 = probability that atom is in lower energy level E1 

• P2 = probability that atom is in higher energy level E2 

• Then P1 = e(-E1/kT), P2 = e(-E2/kT) 

• Hence P2/P1 = e(-(E2-E1)/kT)  

• E2 – E1 = 1eV, k = 1.38 x 10–23 J/K, T = 300K 

• kT = 4.14 x 10–21 J = 0.0258 eV  26meV 

• Hence P2/P1 = e(-1/0.0258) = e(-38.68) = 1.59 x 10–17 

• Hence just one in 6.3 x 1016 atoms will go in excited state! 
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Need for 3 level system 

• The middle level E2 is such that life 
time of electron in such level is 
relatively high as compared to E3 
level.  

• Such energy states are called quasi-
stable states. 

• So, atoms from level 1 are excited to 
level 3. This is called pumping. 

• Atoms in level 3 quickly decay to level 
2. There they can stay for longer 
duration. 

• This causes population inversion of 
level 2 with respect to level 1. 

• Then any transition from level 2 to 
level 1 can cause LASER production. 
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Advantage of 4 level system 

• Pumping takes atoms from level 
1 to level 4. 

• Atoms quickly decay to level 3, 
which is quasi-stable. These are 
generally non-radiative 
transitions – so atoms loose 
energy due to collision process. 

• As atoms start accumulating in 
quasi-stable level 3, it achieves 
population inversion with 
respect to level 2, which is 
almost empty, unlike level 1. 

• Atoms must quickly decay from 
level 2 to level 1, so level 2 
remains unoccupied. Only such 
materials then become useful for 
generating lasers. 
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He-Ne LASER 

• In He-Ne laser, Neon atoms do 
the lasing transitions. Helium is 
only used for efficiency. 

• Pumping takes He atoms from 
ground state to the two excited 
states as shown. 

• Ne atoms have energy levels 
very close to the energy levels of 
He atoms. So during collission, 
energy can be transferred from 
He atoms to Ne atoms. This is 
called resonant transfer. 

• These energy levels are quasi-
stable and population inversion 
takes place. 

• Lasing transitions are produced 
with respect to the energy levels 
shown which are almost empty. 
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Resonator 

• Active medium can provide the amplification of 
light. 

• To make it onto an oscillator giving output we need 
to provide feedback to this amplifier. 

• The optical feedback can be provided just by putting 
mirrors. Active medium is placed between mirrors. 

• The mirrors reflect light to and fro through active 
medium. 

• By keeping a filter element inside that absorbs other 
wavelengths , only one wavelength is amplified. 

• One mirror is partially transparent so it can give 
output. 
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Monochromaticity 
• Though ideally laser is 

monochromatic, practically it has 
a small spread in wavelength. 

• From the intensity profile one can 
calculate what is . Which is 
width of the profile at half 
maximum. (FWHM) 

• The spread is due to 

▫ Doppler broadening – caused 
by motion of molecules in 
active medium 

▫ Spread in the energy level 

• Q factor given by 0/, quantifies 
the monochromaticity. 
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Coherence 
• The most important property of LASER is 

coherence. 

• Coherence indicate the phase relation between 
different photons. 

• Beam is coherent when the phase difference is 
constant, or there is no phase difference between 
different photons. 

• There are two types of coherence: 

▫ Temporal coherence 

▫ Spatial coherence 
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Temporal coherence 
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• If the phase difference at any time t and t +  is fixed then 
there is temporal coherence. 

• The maximum separation L at which this is maintained is 
called coherence length Lc. 

• Coherence time c is given by Uncertainty principle c  1/. 

• Hence coherence length Lc  c/ = 2/ 



What happens in Newton’s ring 

experiment? 
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Interference takes place between light 

reflected from which layers? 
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For Sodium vapour lamp:  = 589.3 nm,  = 0.6 nm 

Lc = 2/ = 0.58 mm 



LIGO detector schematic 
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LIGO detector 

It uses Michelson Interferometer. 

Where Laser beam ( = 1064nm) is 
sent from one end, it is split using 
beam splitter into two beams that 
travel at 90deg with each other.  

After travelling long finite distance 
reflected back by mirror. 

The two beams then interfere.  

A small change in path can be then 
noted through change in 
interference pattern. 

Though the length of tunnel is 
4km, after multiple reflections, 
beam effectively travels 1200km! 
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Image taken from - https://www.newscientist.com/ 



Spatial coherence 

• We expect different parts of the 
beam along the width also in 
coherence. 

• Spatial coherence is maximum 
separation in a beam (along 
transverse direction), where two 
points are still coherent. 

• It is also called transverse 
coherence. 

• If interference is observed at A 
as well as B, then transverse 
coherence length is from A to B. 

• This becomes significance when 
one has to do double slit kind of 
experiment. 
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Directionality 
• Stimulated emission produces 

photons with almost precisely 
identical directions. 

• The mirrors selectively amplify 
axial beam. 

• The divergence of beam is mainly 
due to diffraction: The divergence 
angle D  /D, where D is the 
aperture of the beam. 

▫ Larger the wavelength, more is the 
divergence 

▫ Larger the aperture, less the 
divergence 

• If spatial coherence area is Asc, 
then the beam divergence is 

▫ d = /(Asc)
1/2 

Mahesh Shetti, Wilson 
College 

24 

Image Credit: Mr. Pratik Barve 



Lunar Laser Ranging 
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Image Credit & Copyright: Dan Long (Apache Point 
Observatory) - Courtesy: Tom Murphy (UC San Diego)  

The laser's target is the Apollo 15 
retroreflector, left on the Moon by the 
astronauts in 1971. 

A portion of the Apollo 15 lunar laser ranging retroreflector 
array, as placed on the Moon and photographed by D. Scott. 
Credits: NASA/D. Scott 



Intensity 
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• Due to high directionality, all 
energy is focussed only in a 
small region. 

• Intensity of laser beam is 
approximately given by: 

• I = (10/)2 x P 

• 1mW He-Ne laser with  = 
0.63nm will have intensity  1011 
W/m2 

Image Credit: https://cdn2.sculpteo.com 

Image Credit: http://www.hitekmfg.com 



Simple harmonic oscillator and 

anharmonicity 
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  x0 

All higher terms may be neglected. 
Hence for any potential, around minimum, 
there will be simple harmonic oscillation!! 

Consider Taylor Series expansion: Potential function for 
electron 



Non-linear processes 

2nd harmonic generation 
When amplitude of oscillation is 
large 

• In non-linear process, the 
higher terms of potential 
cannot be neglected. 

• Hence that gives rise to higher 
frequency terms when electron 
oscillates. 
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Laser cooling of atoms 

• Laser is used with a frequency 
slightly smaller than the 
frequency that atom can absorb. 

• If atom is moving towards the 
photon, then it will see slightly 
higher frequency and it will 
absorb the photon along with its 
momentum. 

• Hence the atom will slow down, 
but go in excited state. 

• When it falls to ground state, it 
may radiate in any direction, but 
this frequency is smaller and 
hence momentum gained is 
smaller. 

• By repeated process, average 
energy of atoms can be reduced! 
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Additional References and extra reading 

• Avadhanulu, M. N.: An introduction to Lasers – theory and 
applications. S.Chand, 2001 

• Ghatak, Ajoy; Thyagarajan, K: Fiber Optics and Lasers, The two 
revolutions. Macmillan India Ltd, 2006. 

• Jain, V. K.: Laser Systems and Applications. Narosa Publishing 
House, 2013. 

• https://en.wikipedia.org/wiki/Laser 
• https://www.ligo.caltech.edu/page/laser 
• https://iopscience.iop.org/journal/1555-6611 
• https://www.newscientist.com/article/2249904-watch-a-beam-of-

light-bounce-off-mirrors-in-ultra-slow-motion/ 
• https://www.newscientist.com/article/2249144-huge-

underground-lasers-measure-earths-spin-with-extreme-precision/ 
• https://ilrs.gsfc.nasa.gov/science/scienceContributions/lunar.html 
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