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1.) Cavities
S

a
1.1) Analyze a rectangular cavity
A rectangular TE;o; (=H101) mode cavity has the dimensions a = ¢ =100 mm, b =50 mm.
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Questions:
1. Determine the resonant frequency fes

2. Determine the unloaded Q-factor Qo for copper walls (o =58 - 10° S/m, ur=1)
S/m = Siemens/meter = 1/(Qhm)

3. The coupler, connecting the cavity to the outside world is adjusted for critical coupling. Then
Qo = Qexr which allows maximum power transfer into or out of the resonator. What is the
loaded Q, value of the cavity?

4. Whatis the 3-dB bandwidth of the loaded cavity for the TE;g; mode?

5. The critically coupled cavity is driven by P,y = 50 W of input power on its resonant frequency.
How much power is thermally dissipated in the cavity?

6. How much energy is stored in the cavity?



1.2) Design a pillbox cavity (1)

Design a copper pillbox cavity for f..s = 500 MHz. The cavity should use the Eyio (TMg10) mode. Keep
the ratio h/2a = 0.5 for good mode separation.

Copper conductivity Ocopper = 58*10°S/m, ur=1.

Questions:
1. Calculate radius a of the cavity?

2. Determine the height h of the cavity?

3. What would be the first higher order mode (see the pill box cavity mode chart)?

4. Determine the Q factor of this cavity.

5. Determine the R/Q factor of this cavity.

6. Determine values of the lumped element (parallel R-L-C circuit) model of the cavity.

7. Calculate the peak gap voltage, if the cavity is driven by a 300 kWpgys transmitter.
Assume critical coupling, i.e. all transmitter power is transferred into the cavity.

8. What would be the Q factor and the gap voltage if the cavity would be made out of stainless
steel? Ostainfesssteel = 1.45%10° S/m



1.3) Design of a pillbox cavity (2)

Problem: Design a simple “Pillbox” cavity with the following parameters

Frequency: f=299.98 MHz (A =1.00 m)
Wall material: Copper (equivalent skin depth 6 = 3.8 um)
Axial length: h=0.2m

For this example we ignore beam ports, i.e. vacuum chamber stubs required for the beam passage,
so that all analytical formulas describing the pillbox cavity apply.

beam axis

v

A

h

Questions:
1. Find from the analytical formulas:
* Cavity radius a
¢ Cavity quality factor Q
* ‘“geometry factor”, also known as “characteristic impedance” R/Q
Is the cavity completely determined?

2. Find the equivalent circuit of the intrinsic cavity.
3. Calculate the 3-dB bandwidth of the intrinsic cavity.
4. Calculate the necessary RF power for a gap voltage of V = 100 kV

5. The cavity is fed by an amplifier, designed for a load impedance of 50 (.
Determine:

* The peak voltage at the cavity input.
* The necessary transformer ratio k of the input coupler.



2.) Multiple choice questions
1. How will the resonant frequency f. of the Ep1o (TMo10) mode of a pill box cavity
change if height of the cavity is doubled? (check 1)

o The f;decreases by a factor 2.

o The f,decreases by a factor v2.

o The f;increases by a factor 2.

o The f,increases by a factor v2.

o The f; will not change.

2. A critically coupled aluminum pill-box cavity is driven by an RF generator with an
output power of 100 kW. How much power would be dissipated by the cavity if it
were made of silver? cauminium = 38*10° S/m, osiver = 63*10° S/m. Note: the silver
cavity would also be critically coupled (check 1)

o The power dissipation decreases by a factor oauminium/Osiwver

o The power dissipation increases by a factor cauminium/Osiver
o The power dissipation will not change

3. Calculate the minimal thickness of a copper shielding box if we want to allow less
than 1% of 50 Hz currents flowing in the internal side of the box walls.

Ocopper = 58*10% S/m, 1 = o uy, wo = 4nx107 Vs/Am, <1% ~ 5 sigma (check 1)
o 46.7 mm
o 4.67 mm
o 0.46 mm
o 0.046 mm

4. A rectangular waveguide has a width of a= 10 cm. (check 2)
o The mode TE4, or Hig has a cutoff frequency of 3 GHz.
o The mode TE, or Hio has a cutoff frequency of 1.5 GHz.
o The electric field is parallel to the side with the larger dimension.
o The electric field is orthogonal to the side with the larger dimension.

6. Which mode is the fundamental mode (lowest cut-off frequency) in a cylindrical
waveguide of circular cross-section without inner conductor? (check 1)

o TE

o TEM

o T™M

7. Which mode is the fundamental mode in a cylindrical waveguide with inner conductor
(coaxial line)? (check 1)

o TE

o TEM

o T™M



8. Adding capacitive loading to a cavity (check 1)

o lowers the resonance frequency
o does not affect the resonance frequency
o increases the resonance frequency

9. When doing numerical simulations, geometrical symmetries are exploited in order to
(check 2)

o ensure convergence of the simulation algorithms for resonant structures
o reduce calculation time

o account for the transit time factor

o rule out certain higher order modes

10. When you cover the antenna of your mobile with your hand while using it, the
attenuation caused is in the order of 20 dB. Human tissue is a rather good absorber, so you
can neglect reflections for this calculation. How many percent of the mobile’s output power
stay in the head and the hand? (check 1)

o9
o 99

o 99.9
o 99.99

3.) Impedances

3.1) Impedances in the complex plane (1)
Questions:
1. Plot the following impedances in the Z-plane, use the plot axes on the next page:
Z=(3+4j)Q |Z] =2, arg(z)=n/4 Z = short circuit
7=2Q |Z| =1, arg(2)=-n/2 Y=7'=(0.16 + 0.12j) Q™
Z=(1-4j)Q |Z| =5, arg(Z)=53°
2. Qualitatively, how would an inductor look like, plotted from DC to some arbitrary frequency,
in the Z-plane? Hint: Z; = jwL
3. How would a capacitor look like? Hint: Z; = 1/(jw()
4. The input impedance of a RLC circuit has been plotted in the Z-plane (blue circle).

Mark the points in the diagram describing:
a. Impedance at the resonant frequency
b. DCimpedance
c. 3-dB bandwidth
d. Impedanceatf—> «
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3.2)

Impedances in the complex plane (2)

The impedance of a resonant circuit is a function of frequency. For a given resonator the impedance

was measured at 7 different frequencies, f;...f;. The result is shown in the complex Z-plane:

Im{Z}
A

fa

AN
r g RE{Z}
fi f fs fa fs fe fr
f/ MHz 105.11 105.05 104.94 105.29 105.35 105.46 105.20
Z/kQ 200.0e"% | 162.6 €™ | 115.0e*” | 200.0 ™" | 162.6 €™ | 115.0e™ | 230.0 €”
Questions:

1. Determine the resonant frequency.
2. Determine the 3-dB bandwidth (BW) of this resonator.
(Hint: The bandwidth of a resonator is defined as the frequency difference

between the upper and lower 3-dB frequency points.)

In order to evaluate the properties of a resonator,

it is common to model it as equivalent circuit with lumped RLC elements.

3. Sketch the equivalent circuit for the measured resonator.

Determine R.

5. Draw the locus of admittance of this circuit in the Y-plane,

and indicate lower and upper 3-dB points.
6. Determine the Q-value, as well as L and C for this circuit.




3.3) Smith Chart (1)

The locus of impedance of a parallel RLC resonant circuit is given in the complex z-plane
(z-pane = normalized Z-plane, normalizationto 50 Q; z=7/ 50 Q).

Questions:
1. Transform this locus of impedance into the Smith Chart
2. Mark the resonance frequency, both, in the z-plane and in the Smith Chart.
3. Mark the 3-dB points (for the unloaded Q), both, in the z-plane and in the Smith Chart.
3.4) Smith Chart (2)
1. Plot the following normalized impedances z into the Smith Chart:
Point A B C D
z 0.6 +j0 0.6 -j0.6 0.6-j0.8 0.6-j1.0
2. Plot the following impedances Z into the Smith Chart
Point A B C D
Z 50 + j0 20-j15 10 +j25 0-j50
3.5) Smith Chart (3)
1. Mark the reflection factors I of points A to F in the Smith Chart and find approximate values

Im{z}
. fi = 19 MHz
J
0] f; = 20MHz
10 1 2 Re{z}
f3 = 21 MHz

for the corresponding (normalized) impedances z:

Point Reflection factor I Normalized impedance z
A 1 \0°
B 1 \45°
C 1 \90°
C 1 \180°
E 1 \-90°
F 0.5




4.) S-Parameters
Match the following S-Matrices to the corresponding components

0 0 1
_ 1700 1 _ [0 O 710 -1 _
1 IR L R L IR
0 1 0
Component Isolator Circulator Transmission line, length =A/2 | 3-dB attenuator
S-matrix

5.) Scaling laws
A cavity shall be scaled from existing designs for a frequency f, = 318.32 MHz and C, = 10 pF.
There are three candidate designs, with the following parameters:

Cavity fres /| MHz C/pF Q Diameter / mm
A 100 7.957 10000 600
B 500 3.18 5000 200
C 3000 1.061 2000 25
Questions:

1. Which cavity is suitable as reference design?

2. Calculate the diameter of the new design.

3. Calculate the expected Q factor of the new design, provided it will be build out of the same
material as the reference design.

6.) Various questions
What is the difference between a Stripline and a Microstripline?
Name 3 disadvantages of Microstriplines compared to Striplines.
A RF signal needs to be guided from a power amplifier on the surface to the cavity of a
particle accelerator in the tunnel below ground.
The distance is /=100 m. f=50 MHz,
a. Would you use waveguide or coaxial transmission line? Why?

The signal has parameters: P =100 kw
b. What would you use if the signal would have a frequency of 500 MHz? Why?
4. Why are some accelerator cavities (for frequencies in the MHz range) loaded with ferrite?
Explain how the resonant frequency of those cavities can be tuned without moving parts.
5. After deploying a new accelerating cavity, a RF-engineer starts pounding on it with a
hammer. What is he doing?



