 Notes and contents  for Electrodynamics II, Spring 2003

                     I. Causality and Kramers-Kronig relation (: Jackson 7.10)

Nonlocal relation between D(x,t) and E(x,t) 
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Since D and E are real functions, G(() is a real function. Generalize the definition of  
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to complex 
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-plane, the equation above shows that 
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is an analytic function of 
[image: image6.wmf]w

. From the Cauchy theorem, we then obtained the Kramers-Krong dispersion relation.

Discussion the meaning of the principal part integration--- large only when the function varyies rapildy near the singularity.

                       II. Wave Guides, Fiber Optics and Resonant Cavities

(materials adopted from “Photonics”, Marion and Jackson)

Energy flow in the direction of the guiding structure, not perpendicular to it.

           Metallic wave guides for microwave transmission—rectangular, size of cm’s

            glass fiber optics—for visible light, of order tens of 
[image: image7.wmf]m

m’s.

Main features: Maxwell’s equations with boundary conditions at the interfaces

For ideal waveguides, inside the metals, E=0, and from Faraday law, B=0 as well. Thus the boundary condition at the surface is Et=0 and Bn=0. 

We will always assume that the waves  are propagating in the +z direction.

1. Two metallic parallel plane mirrors (at y=0, y=a)---one dimensional problem

· boundary condition is ky= n
[image: image8.wmf]a
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· different ways of deriving the conditions.

· dispersion relation

·      group velocity and phase velocity  vpvg=c2.

·      Number of allowed modes; 

·      Electric and Magnetic fields

 2. General Properties of Cylindrical or rectangular 2D waveguides
General form of the solution inside the waveguide
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Assume inside the waveguide is vacuum, the wave eq. can be manipulated to obtain Ex,Ey, Bx, By in terms of Bz and Ez, see eqs. (8.26a, b) in Jackson.

[Exercise 1.]

Thus

· Knowing Ez and Bz will allow the determination of the rest of the other components. --- the equations

· TEM waves   Ez=0 and Bz=0     --transverse EM waves

·  TE waves      Ez=0 but Bz 
[image: image11.wmf]¹

0  -- boundary condition: normal derivative of Bz on the surface vanishes  ---- Exercise 2.

·  TM waves     Bz=0 but Ez
[image: image12.wmf]¹

0---- boundary condition  Ez=0 on the surface.

3.  TEM waves can exist only if there are two disconnected surfaces, like coaxial cables with an inner and outer cylinder, and two parallel transmission lines. In this case, the TEM waves are like plane waves except that the amplitudes are functions of x and y, not constants as in plane waves.

4. TE and TM waves in rectangular waveguides

     Quantization in kx and ky, called TEnm or TMnm modes. For a given size (a, b) of the rectangular  pipe, there is a miniumum cutoff frequency, or maximum wavelength. Learn how to calculate the fields and the Poynting vector or the power flow and the group velocity. ---Exercise 3
              The relation vpvg=c2 still holds.
              Clearly the generalization of this method to cyclindrical coordinates is straightforward. 

        5.  Power Loss in waveguides
         If we have metallic surfaces which have conductivity 
[image: image13.wmf]s

, then the fields will penetrate into the metals which causes the ohmic energy loss. We will show how to calculate such power loss for the rectangular waveguide. [See additional notes].

6.  Rectangular Resonant Cavities

  Confinement in all three directions, kx,ky and kz are all quantized.

Let the z-direction is confined at z=0 and z=d. The boundary conditions at the two end surfaces are Bz=0, thus for the TE waves the solution clearly is
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where                 
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 EMBED Equation.3  [image: image16.wmf]2
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Eq. (1) is the resonance condition for a rectangular cavity with resonance frequency 
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. In the idealized cavity the resoance frequencies are denoted by TEnlm or TMnlm modes

   For a real cavity, due to the energy loss the resonance will acquire a width.  Let U be the energy stored in a cavity, and P is the rate at which energy is lost. The quality factor Q is defined by
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     From 
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, solve for  
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, and the typical electric field would have the form of E(t)=E0
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. The Fourier transform then gives the resonance curve for the cavity
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  from which the full width at half-maximum 
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7. Circular metal wave guides and cavities (see additional notes)

8. Planar dielectric wave guides  (see additional notes, and Exercise 4)

9. Circular Dielectric wave guides, Fiber Optics ( see additional Notes. Exercise 5)

10.  Coupling between wave guides (see notes)
11. Resonator Optics (see notes h8-h9)
Plane mirror resonators; finesse; resonators as spectrum analyzers; spherical mirror resonators

III. Radiation by a localized source

          Will adopt mostly from Jackson, Chapter 9

1. Review the basic equations from Chapter 6 of Jackson

2. Derive the basic equation for a localized oscillating current distribution (Jackson 9.1)

Discuss the near zone, far zone and intermediate zone

3. Radiation by an electric dipole

calculation of vector potential, electric and magnetic fields and radiation power (Jackson 9.2)

                Add radiations from two electric dipoles (From Marion, Exercise 6)

4. Center-Fed Linear Antenna (Jackson 9.4)

add radiation pattern of N lateral aligned antenna to address the directional property.

5. Magnetic dipole and Electric Quadrupole radiation (Jackson 9.3)

No detailed derivation—angular behavior emphasized

6. Spherical wave solutions of the scalar wave equation (Jackson 9.6)

The solution of Helmholtz equation in spherical coordinates and angular momentum operator
7.    Multipole expansion of EM waves (Summarizing Jackson 9.7;9.8;9.9 see Notes h10-12)
         IV. The scattering and absorption of EM waves

Items 1-4 from F. Read; 
1.    The scattering of EM waves by free electrons (See notes h13-14)
       Thomson scattering; Comptom scattering   (Exercises 8a,8b and 9)

2.    The scattering and absorption of radiations by atoms and molecules (see Notes h15-19)

       (a) Elastic scattering and Rayleigh scattering

       (b) Elementary quantum theory of radiation

             Planck radiation law; Einstein's A and B coefficients

       (c) Raman scattering

            Stokes and AntiStokes lines; stimulated Raman scattering

3.   Radiation from a classical atom

4.   Comments on pair production and other phenomena involving high energy photons

       (two exercises-- pair production does not occur for a free photon, threshold energy)
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