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CRITICAL ANGLE & TOTAL INTERNAL 

REFLECTION  

 

 When light crosses materials with different refractive 
indices, the light beam will be partially refracted at the 
boundary surface, and partially reflected. However, by 
increased the incident angle the refractive angle 
increased too, until refractive of  light  be parallel to the 
boundary surface, and at this point the incident angle 
called  the critical angle (represent the boundary 
between two different phenomenon, the refraction & 
reflection). Then if the incident angle is bigger than the 
critical angle, all the incident  light will be reflected and 
this is know total internal reflected, as shown as in 
figure (1.3)[ 
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BEAM FOCUSING 

 A schematic diagram of the layout often used to direct 
the laser beam on to work piece is shown below 



 Basically the beam is passed through a beam expander 
and then focused to a small spot on the workpiece using 
lens.  

 The reason for incorporating a beam expander into the 
optical system is that enables a smaller final spot to be 
obtained. The focused spot size ( ) is given by[4]: 

                                                   ..(1.8) 

Where: 

 : Focus Spot Size (mm). 

 f: The Focal Length of the Lens (mm). 

 : Wavelength (µm). 

 : The Beam Radius at the Final Focusing Lens (mm). 

 Another aspect of interest is the so-called Depth of 
Focus (Z) of the beam, which is the distance we can 
move the workpiece a way from the minimum beam 
radius and still have an acceptably small spot.    
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OPTICAL PROCESSES  

 When a laser beam hits matter, 4 processes can take 
place[1]:  

 1. Reflection - according to the law of reflection: The 
reflected angle is equal to the incidence angle.  

 2. Scattering- laser energy is scattered to all directions.  

 3. Transmission- laser beam pass through the material.  

 4. Absorption- laser beam is absorbed by the material.  

 Only the last process (Absorption) can transfer energy to 
the material & causing a rise in temperature or chemical 
reaction. 



ENERGY BALANCE APPROXIMATION 

 Simple energy balance approximations frequently provide 
reasonable ball-park for many applications. For that reason, 
some discussion of this approach is presented here. In the 
figure (1.5) a schematic representation of laser beam focused 
onto the surface of a workpiece. If it is assumed that the 
material is heated to a depth (Z) with cross section area (a2), 
then the energy (U) required to bring the material to 
temperature (T) is given by[2]: 

                                                                 ...(1.10) 

 Where (T) is used for temperature to avoid confusion with 
time(t) & represents the change in temperature of the part. It 
has been assumed in equation (1.7) that ( &C) are 
independent of temperature & are the same for liquid & 
solid. 
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Figure (1.5) Laser beam focused on a workpiece[2] 


