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‣ Static acceleration: fundamental limitation to the final energy.

‣ High frequency to achieve high voltages.

‣ Modern accelerators use powerful radio-frequency systems (from MHz to GHz). 
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‣ TEM, Transverse Electromagnetic wave mode: Electric and magnetic field components 
are perpendicular to each other, and both are transverse to the direction of 
propagation. No longitudinal electric field component.

‣ TM, Transverse Magnetic wave mode: Longitudinal electric field component.

‣ TE, Transverse Electric wave mode: Longitudinal magnetic field component.

‣ Both TE and T.M. modes have a characteristic cut-off frequencies. Waves of 
frequencies below the cut-off frequency can not propagate; power and signal 
transmission is only possible for frequencies above cut-off frequencies.  

‣ Therefore, waveguides operating in TE of T.M. modes can be seen as high-pass filters.

In the upcoming lectures:
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‣ Parallel-plate waveguides for TE and T.M. modes,
‣ All transverse field components can be expressed in terms of Ez for T.M. modes,

‣ and in terms of Hz for TE mode.
‣ Attenuation constant due to imperfect conducting walls for T.M. and TE modes,

‣ It depends on the mode and the frequency; for some modes attenuation can increase 
with frequency, for some other modes attenuation can reach a minimum as the 
frequency exceed the cut-off freq. by a some amount.

‣ Hollow metal pipes of arbitrary cross section,

‣ Field, current, charge distribution, propagation and attenuation characteristics of 
rectangular and cylindrical waveguides (for T.M. and TE modes, no support for TEM).

‣ Propagation is possible by an open dielectric-slab waveguide. Fields are confined within the 
dielectric region and rapidly decays away from the slab surface. Therefore the the waves 
supported by the dielectric-slab waveguides are called the surface waves. (We will not 
study this option on detail.)

‣ Hollow conducting box with proper dimensions can be a resonance device. Box provides large 
areas for current flow. Such a box, which is a segment of a waveguide is called a cavity 
resonator. 
‣ Different mode patterns of the fields in the rectangular and cylindrical cavity resonators 

will be studied.

In the upcoming lectures:
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Appendix - Classical Electrodynamics J. D. Jackson 
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Appendix - Classical Electrodynamics J. D. Jackson 
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‣ The physics of particle accelerators, Klaus Wille, Chapter 5,

‣ Field and Wave Electromagnetics, David K. Cheng, Chapter 10,

‣ Classical Electrodynamics, J. D. Jackson, Chapter 8.  
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