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Light Propagation 
 Optics: It is a branch of physics that studies the behavior of light and its properties and methods of propagation and interaction with matter.
   We  may roughly group the study of optics into three broad subfields of study:
1. Geometrical optics. 
2. Physical optics.
3. Quantum optics.

Let’s look at each of these subfields in turn:
1. Geometrical optics: 
· The dimensions of the object are greater than the wavelength of the light used.
· the study of light as particles.
· light suggests that it travels straight lines.
· The law of reflection: states that when light encounters a flat reflecting surface the angle of incidence of a ray is equal to the angle of reflection.
·  The law of refraction, explain a light ray changes direction when it 
passes across a planar boundary from one material to another. 

2. Physical optics.
· The dimensions of the object are close to the wavelength of the light used.
·  Assume that light are waves.
· Explained the phenomenon of interference, diffraction and polarization.

4. Quantum optics.
· Assume that light as packets of energy called photons.
· Explained the photoelectric phenomenon. 



Electrical constants and speed of light
    A electromagnetic wave is an electric and magnetic field perpendicular to one another (with each other), the electromagnetic wave is a transverse wave (transverse wave is the  particles of the medium vibrate perpendicular to the direction of propagation of the wave). And if the particles of the material medium vibrate back and forth or parallel to the direction of the wave or path of propagation, then it is called a longitudinal wave example sound wave.[image: ]
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Maxwell studied the relationship between the electric () field and the magnetic field () in a vacuum and the four famous equations are






Where : permeability =4π 10-7 H/m.
          : permittivity =8.8510-12 F/m.
First equation means that there is no electrical charge in a vacuum.
Second equation means there is no single magnetic pole.
Third and four equation means  the change in the magnetic field with respect to time produces an electric field, and a change in the electric field with respect to time produces a magnetic field.
To find the general equation for the electromagnetic wave, we need some of the following functions:
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…..    Laplcian operator
In order to find the general equation for the electromagnetic wave, we take (curl()) both sides of the equation (3):







[bookmark: _GoBack]This equation is general equation for the electromagnetic wave

This general equation is for any sound wave, vibrating wire, and electromagnetic wave.
In the same way, another formula for the general equation can be found by taking Curl of the fourth equation from Maxwell's equations.
Assume that  and find that the value of 
Which is the velocity of electromagnetic waves (light).

The speed of light in a physical medium
   If the medium is non-conductive and isotropic, then Maxwell's equations are found to be the same as in vacuum only by replacing  by and  by   therefore, the velocity of wave propagation in the physical medium becomes:
 
And by inserting other constants such as (K) where (K=) called Dielectric constant (relative permittivity constant), And another constant  called relative permeability constant.


And because most of the optical media are composed of non-magnetic materials, therefore  



Where n called the refractive index of the medium.
    It has been found that the refractive index of the material depends on the frequency (wavelength) of the incident ray, and this fact is true for all optically transparent media. The change of the refractive index with frequency is called dispersion, and the division of light into the seven colors after passing through the glass prism is an example of the phenomenon of dispersion.

Doppler’s  Effect in Light
     Doppler phenomenon or the Doppler effect is an apparent change in the frequency or wavelength of the light  due to relative motion between source of light and the observer. 



  
  
	Source of light moves toward the stationary observer  u << c
	Source of light moves away from the stationary observer  u << c

	

	


	Doppler shift  

	


	So spectrum of radiation from the source of light shift towards the blue end of spectrum. This is called blue shift
	So spectrum of radiation from the source of light shift towards the red end of spectrum. This is called red (red) shift.


 
Applications of Doppler Effect
1. Determination of speed of moving bodies.
2. Determination of the velocities of stars and galaxies by spectral shift.
3. Determination rotational motion of sun.
4. Explanation of width of spectral lines. 
Ex:1 Consider  line of hydrogen which has  on the earth. The value obtained from the absorption spectrum of hydrogen from a star is . What is the velocity of star?
Solution:

Q1: In the spectrum of certain star, the  line is shifted towards red end by 0.01. Calculate the velocity of the star, if   of   line=656.3 nm.
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