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Lectures in LASER Physics

2nd ArPS Summer School on Advanced Physics, Zewail City
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Remember !!

Q1: Why no two-level Laser system?

Q2: Why can’t we get an X-Ray Laser?
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Laser unique properties

 Monochromatic   Polychromatic

 Directional   Divergent

 Coherent    Incoherent

LASER Light Ordinary Light

1

2

3
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Monochromaticity
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Directionality
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Directionality

350 – 500 mrad

150 – 200 mrad

1 – 5 mrad
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Directionality

Exercise 
A laser beam ( λ = 632.8 nm ) having a divergence of 1 milli-

radian is directed towards the moon at a distance of 

approximately 4 × 105 km . The beam would have spread to a 

diameter of……
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Coherence

LASER is a highly intense light source 

because it has very large number of 

Photons that are in phase
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Laser resonators

• A laser generally requires a laser resonator (or laser 

cavity), in which the laser radiation can circulate and 

pass a gain medium which compensates the optical 

power losses.
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Laser resonators

• The shape of a laser beam is determined by the 

resonator cavity, a laser optical mirror, in which the 

laser light is amplified in a gain medium.

• Laser resonators are typically formed by using highly 

reflective dielectric mirrors or a monolithic crystal that 

utilizes total internal reflection to keep light from 

escaping
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Types of Laser resonators
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Types of Laser resonators

Large radii resonator
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Types of Laser resonators

The simplest type of laser resonator modes are Hermite-Gaussian 
modes, also known as transverse electromagnetic modes (TEMnm), 
in which the electric field profile can be approximated by the 
product of a Gaussian function with a Hermite polynomial
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Types of Laser resonators

The integers n and m define the beam shape in the x and y 
directions, respectively. An ideal Gaussian beam is defined by the 
mode TEM00, which occurs when n and m are both equal to 0
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Stability of laser resonator

➢ Resonator cavities are “stable” if the reflected light stays inside the cavity, even as the 

number of reflections approaches infinity. In this instance, the only way for light to 

leave the cavity is through a partially reflective mirror.

➢ On the other hand, resonator cavities are considered “unstable” if the reflected light 

continuously diverges as the number of reflections approaches infinity.

➢ Stable resonators are often used with lasers that have powers up to 2kW to achieve 

high gain and improve directionality. Unstable resonators are typically used with higher 

power lasers to reduce the chance of damaging the reflectors
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Stability of laser resonator

➢ Only certain ranges of values for R1, R2, and L produce stable 
resonators in which periodic refocussing of the intracavity beam 
is produced. 

➢ If the cavity is unstable, the beam size will grow without limit, 
eventually growing larger than the size of the cavity mirrors and 
being lost.
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CW vs Pulses Laser

Q-switched lasers → Nanosecond laser

mode-locked lasers → Femtosecond & Picosecond Laser
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Laser Hazards & Laser Safety
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Laser Hazards & Laser Safety

https://telecom.samm.com/laser-hazard-classes-and-eye-safety
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Laser Hazards & Laser Safety



Thank you for your time

     Enjoy your day 


	Slide 31: Lectures in LASER Physics
	Slide 32: Summer School
	Slide 33: Day Two
	Slide 34
	Slide 35:   laser
	Slide 36:   LASER
	Slide 37:   LASER
	Slide 38:   LASER
	Slide 39:   LASER
	Slide 40:   LASER
	Slide 41: Day Two
	Slide 42:   LASER
	Slide 43:   LASER
	Slide 44:   LASER
	Slide 45:   LASER
	Slide 46:   LASER
	Slide 47:   LASER
	Slide 48:   LASER
	Slide 49:   LASER
	Slide 50: Day Two
	Slide 51:   laser
	Slide 52: Day Two
	Slide 53:   LASER
	Slide 54:   LASER
	Slide 55:   LASER
	Slide 56

