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Last lecture

I TM-modes Circular cylindric waveguides

I Comsol
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Circular waveguide

a z

Cylindrical coordinates (ρ, φ, z). Then r = ρρ̂+ zẑ.
TM-modes Hz = 0 and

E = Eρρ̂+ Eφφ̂+ ẑEz, (1)

H = Hρρ̂+Hφφ̂ (2)

Ez(r) = Jm(ktmnρ) (Amn cosmφ+Bmn sinmφ) e
ikzz

m = 0, 1, 2 . . ., n = 1, 2 . . .
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Circular waveguide

ktmn =
ξmn
a

, Jm(ξmn) = 0,

Cut-off frequencies TM: kz = 0 ⇒ k = ktmn ⇒ fmn =
c

2π

ξmn
a

Fundamental TM-mode: TM01 with f01 =
c

2π

2.405

a

Example: a = 15 mm gives f01 = 7.65 GHz
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Circular waveguide

Comparison with membrane:

Resonance frequencies=fmn =
v

2π

ξmn
a

Shape=
∞∑
m=0

∞∑
n=1

Jm(ktmnρ) (Amn cosmφ+Bmn sinmφ)
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Circular waveguide

Guitarr string

2f1

3f1

f1
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Circular waveguide

Drum head

1.59f1

2.13f1 2.30f1

f1
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Circular waveguide

TE-modes, Ez = 0

E = Eρρ̂+ Eφφ̂, (3)

H = Hρρ̂+Hφφ̂+ ẑHz (4)

Hz(r) = Jm(ktmnρ) (Amn cosmφ+Bmn sinmφ) e
ikzz

ktmn =
ηmn
a

, J ′
m(ηmn) = 0,

{
m = 0, 1, 2 . . .

n = 1, 2 . . .
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Circular waveguide

Cut-off frequencies, fmn =
c

2π

ηmn
a

Fundamental mode: TE11 with f11 =
c

2π

1.841

a

Example: a = 15 mm gives f11 = 5.860 GHz
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Transverse components ET and HT

From Maxwell’s equations it follows that the transverse
components can be expressed in Ez and Hz:

ET(r) =
i

k2t
{kz∇TEz(r)− ωµ0ẑ ×∇THz(r)}

HT(r) =
i

k2t
{kz∇THz(r) + ωε0ẑ ×∇TEz(r)}

(Equation (15) in the exercise book)

Anders Karlsson, Electrical and information technology



Transverse electric field ET .

Fundamental mode TE11.
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Today

I Traveling wave cavity

I Cavities

I The pillbox cavity
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Traveling wave cavity
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Traveling wave cavity
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Traveling wave cavity
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Traveling wave cavity
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Traveling wave cavity
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Design of traveling wave cavity for MAX IV

π-mode

d

d =
cT

2
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Design of traveling wave cavity for MAX IV

π

2
-mode

d

d =
cT

4
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Design of traveling wave cavity for MAX IV

2π

3
-mode

d

d =
cT

3
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Design of traveling wave cavity for MAX IV

2π

3
-mode

d

Frequency= 3 GHz ⇒ T = 333 ps and d = 3.33 cm
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The 2π
3 -mode
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