Lecture 18

5. RF Systems and Particle Acceleration
5.1 Waveguides
5.1.1 General; cut-off frequency
5.1.2 Rectangular Waveguides

5.1.3 Cylindrical Waveguides
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5.1.2 Rectangular Waveguide
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Rectangular Wave Guide

Boundary conditions:

E(%)=0 VIE, =[k-(2)]E,

E_(X) = E, sin(=-x)sin(5~ y) | for TM modes
L o
91B,(%)=0 V2B_=[k’-(2)’]B,

B.(X) = B, cos(=- x) cos(5~ y) | for TE modes

(@) -k = ks? = () ()

a

TE and TM modes happen to have the same eigenvalues.

For simplicity one still looks at TE and TM modes separately.
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Transverse fields

TE-modes: Once B, is know, the full field can be found
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E (¥)=0, B_(X)=B,cos(=-x)cos(5-y) y

EL =f,{z(kz§¢Ez +aﬁlxl§z)

c

et

. _ . . o
B, = = (k.V, B, -4V, xE,) — X
ZZ cos(“- x) sin(5E y) sin(k, z — wr)
E(X) = —%: By| = “Zsin(“Z x)cos(“~ y)sin(k,z - wr)

0

“Zsin(=- x) cos(5- y) sin(k,z — awr)

B(X)=—#B)| “Fcos(*x) sin(*~ y) sin(k,z - o)
nm K (E)2

2 cos(=- x) cos(“- y) cos(k z — ar)
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Example: Rectangular TE,, Mode
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Rectangular TM Modes

E_.(X) = E,sin(*Z x)sin(*Xy), B.=0

E, -
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B(X) = =%+ E, -
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- cos(“ x)sin(4- y) sin(k,z — ar)
— 2% sin(“- x) cos(%- y) sin(k_z — wr)

E)2 . .
e sin(“- x) sin(“5- y) cos(k,z — ar)

ZZsin(=- x) cos(4 y) sin(k,z — awr)
~ x) sin(%* y) sin(k_z — ar)

0
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—

E

Ex Ey for ™ mode 2,2

Bx By for ™ mode 2,2
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Sre Sy _
Sx Sy for TE mode 2,2 sx Sy for ™ mode 2,2 Sx Sz for central y in TE mode 2,2
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Energy Density

Urg U,y Uy

Energy density for TE mode 2,2 Energy density for ™ mode 2,2 Energy density for ™ mode 2,2
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5.1.3 Circular Waveguide
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