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Fusion and Industrial Plasma Technologies Course	Spring semester 2025

List of questions for the oral exam


Group 1 – Vacuum technologies and Industrial plasmas
1) Define "base pressure" and "ultimate pressure in a vacuum system. Describe the process of "baking" and what it is that one seeks to accomplish by doing it.
2) A vacuum chamber is connected via a rectangular duct of conductance "C" to a turbomolecular pump with pumping speed "S". Compute the effective pumping speed in terms of "S" and "C".? 
3) For an elastic collision between two bodies of mass m and M, find the maximum energy transfer fraction in terms of m and M. What is the implication for the temperatures of electrons and ions in a weakly-ionized plasma? Explain why this is an advantage for plasma chemistry reactors compared to thermal chemical reactors.
4) Describe how you would derive Bohm's criterion for the ion velocity entering a plasma sheath.
5) Describe how electrical breakdown in low-pressure gases is initiated, and how it develops, via breakdown, into a plasma.
6) Explain how to calculate the sheath voltage drop to an electrically floating wall, for a DC plasma. Why are sheaths important for the microelectronics industry.


Group 2 – Superconductivity and High current and high voltage power supplies
1) What is a quench in a superconducting magnet and why do we need to protect a magnet against it? How is the protection done?
2) A magnet can be wound by either layers or pancakes. What are the advantages/drawbacks of the two options?
3) What is the reason to twist/transpose the superconducting strands (wires) in large cables, instead of assembling them straight/parallel?  Why is the forced flow cooling the preferred option for large fusion magnets? 
4) The toroidal field coils of ITER have a peak field of about 11.2T. Which problems would arise by increasing the magnetic field by 50%?
5) What is the reversible and irreversible degradation for the ITER Nb3Sn conductors? What are the typical causes of the performance degradation in the superconducting magnets for fusion?
6) What are the advantages of the HTS fusion coils compared to the LTS coils?  What, on the other hand, are the challenges and potential problems if a fusion coil is made of the HTS materials?
7) What would be the scope of an R&D program for Demo power supplies?
8) Explain the requirements for a fusion power plant to deliver 500MW to the grid.



Group 3 - Millimeter wave systems and Cryogenics
1) Explain the basic principles of a gyrotron; Why is it the preferred source for ECRH applications?
2) Give a brief description of a Spectrum Analyzer and of a vector network analyzer; What are the main differences between the two types of devices? What factors determine the dynamic range?
3) Describe the formalism that leads to the determination of eigenmodes in a rectangular waveguide. How would you apply that to circular waveguides?
4) Derive the telegraphist equations for a transmission line with series resistance per unit length R, series inductance per unit length L, shunt conductance per unit length G, shunt capacitance per unit length C.
5) Describe the different heat loss mechanisms in a cryogenic vessel and the means for minimizing the boil-off rate. Which additional losses are to be considered if the cryogenic vessel contains a superconducting magnet?
6) A liquid-helium cryostat suddenly loses its insulating vacuum when an o-ring fails. Explain the chain of events that follows this “loss-of-vacuum” accident. Which heat-transfer mechanism instantly dominates? Why does the helium pressure rise so rapidly? What safety devices are present on the cryostat to deal with this type of event?
7) Identify which material one would select in the design of a cryogenic apparatus for (i) a high-current coil stabilizer, (ii) low-heat-leak structural struts, (iii) an 80 K radiation shield, and (iv) small brackets or sensor mounts at 4 K. Give a brief justification for each choice.




Group 4 – Materials, Control and data acquisition, Plasma Fuelling & Tritium Cycle
1) Process(es) creating mechanical defect in a material under neutron bombardment.
2) What are the criteria for selecting materials for DEMO ?
3) Describe the main elements of the pellet injection system currently installed at JET.
4) Discuss the general concerns with the tritium cycle, in particular the issue of the Tritium breeding ratios.
5) To digitize a sinusoidal wave with 1% accuracy or better, one needs at least 32 samples per
period and a 6-bit precision. What are the digitization precision, frequency, and storage
required to acquire the combination of a dominant 8kHz wave and a -40dB secondary 512
kHz wave for 4s?
6) The fastest acquisition system at TCV is a Guzik module acquiring 4 channels at 16 GHz
speed with 12-bit precision. Assuming TCP/IP transfer to analysis server via gigabit ethernet,
data processing speed of 64 MB/s, and intershot delay of 12 minutes, what is the maximum
acquisition duration that allows intershot analysis?
7) Explain why the versioning of processed experimental data is not a simple matter. Do you
have a solution to propose?
8) Can you explain the FAIR principles of open science and evaluate to which extent fusion data meets the corresponding requirements. What would you suggest to improve fusion data FAIRness?
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