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Gerrard and Burch, Introduction to Matrix Methods in Optics, Dover, 1994 (Wiley, 1975) - Other sign convention.


Fowles, Introduction to Modern Optics, Dover, 1989, (Holt, Rinehart, Winston, 1968, 1975)





We have been studying the propagation of paraxial waves.  The electric field satisfies the scalar wave equation.  However, the electric field is actually a vector field.  In the paraxial approximation it can be shown that the propagation of the field amplitude and vector can be handled as separate entities.  See the following references





Lax, Louiselll and McKnight, "From Maxwell to paraxial optics," Phys. Rev. A 11, 1365-1370 (1975)


Davis, "Theory of electromagnetic beams," Phy.s Rev. A 19, 1177-1170 (March, 1979)


Agrawal and Patanayak, "Gaussian beam propagation beyond the paraxial approximation," J. Opt. Soc. Am. 69, 575-578 (April 1979)





We will assume that the electric and magnetic fields are in the x-y plane and the direction of propagation is in the z direction 


(http://webphysics.ph.msstate.edu/javamirror/ntnujava/emWave/emWave.html).   


�





In order to be consistent with your text, we must now switch to the assumed phasor dependence of ei(kz-wt).  This is the complex conjugate of that used in all the propagation work we have done. 





In phasor notation we will write the electric field as


	� EMBED Equation.3  ���						(1)


with H and K, real.  The actual field measured, of course is the real part of equation (1)


� EMBED Equation.3  ���				(2)


Since we will be talking about changing the x and y components of the electric field, it is easier to write them as a column vector, known as a Jones vector.  For ease of notation, define 


	F = kz - wt + fx, 		D = fy - fx 					(3)


Then the Jones vector can be written as 


	� EMBED Equation.3  ���	so	 � EMBED Equation.3  ���					(4)


We will be concerned only with definite state of polarizations.  When there is a statistical distibution of polarizations, use Stokes vectors and Mueller matrices.





What types of polarizations are typical?  





Linear Polarization:


First consider linear polarization.  For example, the electric field is all in the x direction.  Then K=0.  Similarly, if the field is all in the y direction, then H=0.  Using rotation matrices, you can also describe polarizations along some other direction.  Note that a linear combination of x and y linear polarization provides for general polarization; i.e. they form a basis for the 2 space:


� EMBED Equation.3  ���							(4)





Circular Polarization:


Next consider circular polarization.  The two basis states are then left and right circular polarization.  This means that as time (or z) increase, the electric field vector should rotate.  Equation (1) would be written as 


	� EMBED Equation.3  ���			(5)


so D=-p/2.  The Jones vector is then written as	


	� EMBED Equation.3  ���							(6)


Is this right or left handed?  As F increases the electric field in (5) rotates counterclockwise.  At a given time, say t=fx/w,  as z increases the electric vector sweeps out a right hand screw.  This is right circular polarization (RCP).   





Similarly, the LCP Jones vector is � EMBED Equation.3  ���.						(7)





Elliptical Polarization:


Finally, consider elliptical polarization.  This is the most general case for states of definite polarization.  The electric field for this case is written





	� EMBED Equation.3  ���						(8)





What is the locus of points that the tip of the electric field vector sweeps out?  Start with


Ex = H cos (F) 	and 	Ey  = K cos(F + D)				(9)


The first equation is written


	� EMBED Equation.3  ���									(10)


and the second is 


	� EMBED Equation.3  ���				(11)


Equations (10) and (11) can be solved to give


	� EMBED Equation.3  ���					(12)


This is the equation of a rotated ellipse.  If D=(p/2, this equation reduces to the more obviously elliptical form


	� EMBED Equation.3  ���								(13)





Now that we know what the pure polarization states are, how do we form them?  As discussed in your text, chapter 17,  there are materials that absorb one component of the electric field or reflect one and transmit and reflect the other.  To induce a phase difference between the two components, one can use a birefringent material, one with different indices of refraction in two orthogonal directions.  These can all be represented by the Jones matrix


� EMBED Equation.3  ���						(14)


Consider an input beam polarized at 45(.  What does the output beam look like?





	� EMBED Equation.3  ���					(15)


If the phase, k(n2-n1)z=p/2, then the output beam is LCP.  For this case equation (15) is written


	� EMBED Equation.3  ���							(16)


Since the velocity of light is v=c/n, and n2>n1, then v2<v1, so the fast axis is the upper axis.





Note that the determinant of the above matrix is unit magnitude.  This means that power is not lost from the beam, its electric field components are just rearranged.  To create linear polarization, this is not the case - we want to throw away the component not of interest.  For example, the following Jones matrix creates a beam linearly polarized in the x direction.


� EMBED Equation.3  ���								(17)


To represent absorbing material, go to Maxwell's equations.  Recall that � EMBED Equation.3  ���=s� EMBED Equation.3  ���.  Combined with � EMBED Equation.3  ���=e� EMBED Equation.3  ���, results in a complex effective permittivity, e, and hence complex index of refraction, � EMBED Equation.3  ���.  The result is a decaying matrix element in the Jones matrix and hence a matrix of the form of (17) effectively results for large enough penetration depth, z.





Other Jones matrices are given in your text on page 297.
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