Lasers – Principles

( Introduction

  
The first laser was constructed by T. H. Maiman in 1960.  Up to this date, there are practically hundreds of different types of lasers and the applications of lasers are increasing everyday. Here we briefly describe the basic principles of lasers, how to construct a laser, some applications.  Some exercises are also given to further clarify some points.

(
LASER ( acronym (short form) for Light Amplified Stimulated Emission of Radiation

We shall explain each word in this name.


I.
Spontaneous Emission of Photon
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(fig. 1)
( Electron excited to an upper energy level will, typically after 10(8 sec, jump to a lower energy level and a photon will be emitted.  (No external perturbation.)  Also represented by:
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Let

( = photon frequency

h = Planck’s constant 6.625 ( 10(34 J. sec.

h( = E2 ( E1
where E2 is energy of electron in level 2, and

E1 is energy of electron in level 1.



Example:



E2 ( E1 = 2.0 eV,        1 eV = 1.6 ( 10(19 J.



( = 0.483 ( 1015 c/sec.



Then wavelength
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      = 621.1 nm  (red light)






      10(9 m


nm (nanometer = 10-9 m) is a commonly used unit in optical sciences.
  

II.
Stimulated Emission
A photon is emitted from an excited atom (molecule, ion) when it is “disturbed” (stimulated) by other photons.
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(Fig. 3)
(
Requirement: both photons have the same wavelength
(
Characteristics: The two photons vibrating in parallel planes, travel along the same direction, and vibrating in phase.

(
Stimulated emission occurs “immediately”.

III.
Metastable Energy Level
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(Fig. 4)
An electron excited to level A will stay much longer (say 10(4 sec) compared to a “normal” energy level where an electron typically stays for 10-8 sec (provided there is no external perturbation, stimulated emission can occur immediately).

IV.
Population Inversion
Consider some atoms (or molecules) in space as shown in the diagram below.
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(Fig. 5)
When there are more atoms with an electron in level A, we say that there is population inversion.

   Question: why is population inversion necessary?

About the author:

Keywords

Spontaneous Emission, Stimulated mission, in phase, Energy Level, Population Inversion.

Glossary with pop-up explanation:

None

Related Topics in the syllabus:
Wave, Atomic Physics

Extensions (from the syllabus):
Bring out ideas: A Video Camera convert the captured images into a series of electrical signal in every 1/25 seconds. The camera tubes inside the camera consist of a sheet of photosensitive substance which allow light collected by the lens of the camera to fall onto. The electrical signals are amplified and sent to a circuit, so that they can be finally recorded or transmitted as radio waves.

Warm-up discussion:

1. What are the differences between Spontaneous Emission and Stimulated Emission?

2. When people discovered “Laser”? And who discovered it?

3. How many types of laser are there? Is there only one standard colour of laser?
4. Laser is used in the treatments of some operations. Are there any problems or sequela?
5. What is the relationship between laser and radiation?

Points for further discussion:
· What is the difference between LASER and X-rays? (or Electrromagnetic Waves such as radio waves, microwaves etc.)

· Electrons may be emitted when a piece of metal is illuminated with suitable radiation. Explain the terms “suitable radiation”. 

· An argon ion laser is emitting light of wavelength 488.0 nm.  What is the energy of the emitted photons in eV?  A CO2 laser is lasing at 10.6 (m wavelength, what is the energy difference between the two lasing levels in eV?(Given:  Planck’s constant is 6.625x10-34 J.sec.)
Activities:

· The Star wars programme is a defense system developed by the Americans in the late 20th century. The major part of the programme is to develop lasers that will shoot down enemy missiles within several minutes of their launch. 

· Try to find any information or background about this programme. 

· Discuss what are the problems about this programme, some people suggested that an alternative might be to base the lasers on land. Is it Good and what are the problems if it is based on land?

· The programme was abolished by the US Government in 1993 because of the disintegration of the Soviet Union. If you are the officer of the US Government, try to think about how to make use of the LASER setup. 

Related Web Sites:
· Demonstration, The Laser
This site introduces the laser principle with simple animation.
http://www.lightlink.com/sergey/java/java/laser/index.html 

· 物理實驗
This site contains many hyperlinks of animations which demonstrate some principles of physics. (Although the topics in the site are in Chinese, the contents of the hyperlinks are in English.)
http://www.cmi.hku.hk/link/Phy.nsf/AllWebByUnit?OpenView&Start=5.2 

· The Bohr Atom, The Discrete Spectrum
These two sites contain animations which demonstrate the Bohr model of atom and how the discrete spectrum is generated.
http://einstein.byu.edu/~masong/HTMstuff/bohrEX.html
http://einstein.byu.edu/~masong/HTMstuff/absorbEX.html 

· Physics 2000---Lasers (Chinese version only)
This site contains some interesting programs on introducing the principles and creating of lasers.
http://www.colorado.edu/physics/2000/lasers/index.html 

· Physics World---What is laser?
Brief introduction in the principle, mechanism and properties of LASER.
http://www.hk-phy.org/articles/laser/laser_e.html 
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Fig. 2































































































Remark: similar emissions also occur in (i) molecules and (ii) ions in solids.
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