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Bu derste...

Parçacık hızlandırıcıları için RF sistemler
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‣ Güç kaynakları - klystronlar



‣ Güç iletim yolları - dalga kılavuzları 



‣ Hızlandırma kovukları - Rezonans kovukları



‣ Bağlaşım parçalar



‣ ...
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RF Systems for Particle Accelerators

‣ 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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Waveguides and Cavity Resonators
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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.
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Waveguides and Cavity Resonators
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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. 



‣ 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.
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Conclusions

‣The wave behaviour in a waveguide can be analysed by using the 
equations for the longitudinal components, E0z and H0z
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�2
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E + (�2 + k2)E = 0

�2
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H + (�2 + k2)H = 0

k = ⇥
p

µ�

‣Then, equations 1(a,b,c) and 2(a,b,c) can be solved to determine the other 
components.
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Conclusions

‣It is convenient to classify the propagating waves in a uniform waveguide into 
three types according to whether Ez or Hz exists.



‣ Transverse electromagnetic (TEM) waves:  
 Neither Ez not Hz



‣ Transverse magnetic (TM) waves:  
 Nonzero Ez but Hz=0



‣ Transverse electric (TE) waves:  
 Nonzero Hz but Ez=0

Q: Which mode would you use to accelerate particles in a cavity?
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‣ TM field components for a rectangular waveguide:

HW: Can all modes propagate in a rectangular waveguide?


HW: What happens when γ>0 and γ<0 ?


HW: Can you derive fc starting from the definition of γ ?
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Waveguides and Cavity Resonators

‣ TMmnp field components for a rectangular resonance cavity:



‣ Consider a rectangular waveguide with both ends closed by a conducting wall.



‣ And the interior dimensions of the cavity are a, b and d.
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Waveguides and Cavity Resonators

‣ TMmnp field components for a rectangular resonance cavity:



‣ Consider a rectangular waveguide with both ends closed by a conducting wall.



‣ And the interior dimensions of the cavity are a, b and d.
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For a given mode, the resonance 
frequency depends on the material 
and the geometry.
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Waveguides and Cavity Resonators
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RF Project: 


a) Write the instantaneous field expressions for the TM11 mode in a 
rectangular waveguide of sides a and b.


!
b) Use Matlab/Octave and draw electric and magnetic field lines in 
a typical xy plane and in a typical yz plane.


!
c) Repeat the same exercise for a rectangular resonant cavity for 
TM010 mode.



SUNDAY
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Figures of merit

‣Quality factor, 



‣Shunt impedance 


๏“Ohm’s law” resistance



‣Effective shunt impedance


๏ impedance including transient time factor



‣Shunt impedance per unit length



‣Effective shunt impedance per unit 
length



‣“R over Q”


๏  Efficiency of acceleration per unit of stored 
energy.
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Components of a High Power RF System
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http://uspas.fnal.gov/materials/09VU/Lecture4.pdf

‣ Power delivered to the beam:



‣ Total power provided by the RF power source:

PB = EI

PT = P + PB

Circulation losses

http://uspas.fnal.gov/materials/09VU/Lecture4.pdf
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http://uspas.fnal.gov/materials/09VU/Lecture4.pdf

‣ A klystron is an amplifier for RF waves



‣ It is a small scale accelerator/RF cavity system



‣ Transfers beam power into RF power



1. A high voltage pulse accelerates an electron beam



2.Low power RF excites the first cavity and bunches the 
electron beam



3. This electrons “ring the bell” in the next cavity



4.Electron bunches excite the cavity and generates RF 
power  



5.Power is transferred by wave guides to the equipment 
to be driven by RF power. 

http://uspas.fnal.gov/materials/09VU/Lecture4.pdf
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Example problem from USPAS 2009
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http://uspas.fnal.gov/materials/09VU/Lecture4.pdf

http://uspas.fnal.gov/materials/09VU/Lecture4.pdf
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Appendix - Classical Electrodynamics J. D. Jackson 
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Appendix - Classical Electrodynamics J. D. Jackson 
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Appendix - Classical Electrodynamics J. D. Jackson 
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Further Reading

‣ 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.  

���35


