Translated
Anotation
The primary aim of the project is to reoperate tokamak CASTOR, which was moved from Institute of Plasma Physics to FJFI CTU, for educational purposes of students of plasma physics (with accent [to] thermonuclear fusion). Practical tuition on this unique device is available for students of all qualification levels (bachelor, master, postgradual). Except of FJFI departments (physics, physical electronics, dosimetry and ionised radiation aplication), the interest in the device was expressed by other faculties of CTU as well (Electrotechnical Faculty), not excluding the interest of other universities in Prague (MFF CUNI). In nearby future, there is expected engaging of this device into european educational process of plasma physics of thermonuclear fusion students (there is conciped project Coordination and Support Action on Fusion Education with budget of 2 000 000 € for next 4 years). The secondary aim of the project is to assemble the basic selection of experiments available on this device. The experiments will be centered on education of diagnostics of basic attributes of events and plasma behaviour expected on devices of worldwide fusion centres. The project is complemented with investitions, realised by FJFI to reoperate this device (room recontruction, infrastructure, moving the device, etc.)
Particular outcomes

· Reoperation of tokamak CASTOR on FJFI CTU premises
· To form and test a new set of experimental practices of plasma physics, including methodic materials
· Establishing a new subject of Physics and technics of thermonuclear fusion curricullum: Practics of physics and technics of tokamaks, which will also be available for external students of CTU, CUNI and other universities. The engagement into coordinated fusion education in EU is expected.
· Seminary on this problematics.
· The finalising report of a project.
Benefit to department/university development
· Higher quality of practical physics education oportunities in courses of plasma and thermonuclear fusion.

· Internationalisation of CTU studies, engagement of fusion education in Czech Republic into European educational structures.

· Engagement of basic studies frequentants into process of preparation and processing the experiments in form of laboraory assistants
A group the project is aimed at
Subjects in bachelor and master degree studies on FJFI CTU:

· Introdution to thermonuclear fusion – 5 students.

· Physics of tokamaks – 10 students.

· Diagnostics of plasma – 10 students.

· Technics of thermonuclaer devices – 10 students.

· Practics of plasma physics – 10 students.

· Computer-regulated experiments – 10 students.

· Diagnostics of hot plasma – 8 students (in cooperation with MFF CUNI and FEL CTU).

· Electrical discharges and their applications – 5 students (in cooperation with FEL CTU).

· Physical seminary – 5 students.

Bachelor thesis – 3 students

Diploma thesis – 3 students

The educaion on other subjects of other universities os expected.
· Plasma spectroscopy (in cooperation with MFF CUNI)

· Physics of plasma (in cooperation with MFF CUNI and CTU)

· Electronics for physicians (in cooperation with MFF CUNI)

Simplified versions of basic practices wil be also offered to educational activities, which are not in responsibility of department of physics, such as Physical week, Open laboratories for high school students and Third-age University (see http://fyztyd.fjfi.cvut.cz , http://fyzol.fjfi.cvut.cz and http://fyzu3v.fjfi.cvut.cz ).
Current situation of a project

In present of fusion research, the European Union has leading role in invested resources and results. Thanks to this, in June of 2005 the chosen site for global scientifical-technology experiment of tokamak ITER (International Thermonuclear Experintal Reactor) was Cadarache in southern France. Many other projects are developed in Japan, USA, China, Korea, India and even in neighbouring Germany. For example France, nowadays, gives great attention to its curriculums concerning thermonuclear fusion.
Czech Republic has currently strong position in thermonuclear fusion. As the only new member of EU has its own operational tokamak. This position was forther strenghtened by decision of Czech Republic government on December 2005 to support the transfer of larger tokamak Compass D form Culham (UK)  to Prague, which is since beginning of 2008 placed and being reoperated on Institute of Plasma Physics CAS.  Wide participation of Czech Republic in international projects is ensured by EURATOM-IPP.CR Association. Thanks to this, Czech Republic is maintaining an ever-growing contribution to solving the technological challenges of research.
It is obvious, that members of European Union (Czech Republic included) have problem with insufficence of qualified young specialists in fusion-related subjects. This situation cannot be solved without realisation of crucial steps towards improvement.
Recently, FJFI CTU has placed tokamak CASTOR (transferred from Institute of Plasma Physics CAS) to its premises and after finalisation of construction works, this device is going to be reoperated for educational purposes only. By reoperation of this device, the natural science departments will obtain rare opportunity to put practical education of plasma physics students to higher level of quality. Compass D device has much more difficult, less flexible and much more expensive (costs for one shot are, at least, 20 times more expensive than on CASTOR) operations and thus it is not apropriate for education purposes.
FJFI CTU created good conditions for keeping and managing an operational tokaamak CASTOR. The long-term pedagogical and scientifical experiences in physics of plasma and overall natural-sciences orientation of faculty in means of CTU were used. Reoperation of tokamak is financially supported by FJFI CTU. The designated project will appropriatelly supplement this activity of university and enwiden it such, that tokamak could be fully used for education of all the students of natural sciences in Czech Republic.
FJFI CTU teaches its students to creative use of obtained scientific knowledge and experience in practical life. It studies are aimed on experimental and theoretical physics subjects in many disciplines, among them a brand new discipline of Physics and technics of thermonuclear fusion.
None of the middle European universties or colleges has such an experimental device available, on which there could be educational experiments on plasma of high energies done. Currently all the practical education in Physics and technics of thermonuclear fusion is provisorely practised on 7 different stations all over the Prague.
In this time of being, tokamak CASTOR is already moved to FJFI CTU. The device has circle-shaped diameter of plasma column. As work gas there is used hydrogenium, power source for toroidal magnetic field is capacitor battery of 1 MJ. Retarding link of several tenths kJ is responsible for creating and heating the plasma. For illustration, the whole tokamak can be comapared to size of small truck. See http://www.ipp.cas.cz/Tokamak/cz. After the finalisation of works, the whole device, infrastructure included, will be located in two rooms.
Main parametres of tokamak CASTOR:
· Main radius: R = 0.4 m

· Small radius: a = 0.085 to 0.060 m

· Toroidal magnetic field: Bt < 1.5 T

· Plasmatic current: I < 25 kA – pulse period: t < 50 ms
· Density of plasma: ne = 0.2 – 3.0*1019 kg*m-3
· Electron temperature: Te(0) < 200 eV

· Ion temperature: Ti(o) < 100 eV

Fig. 1: Size comparation of CASTOR with the other tokamaks with plasma geometry ITER alike. (obr1.jpg in attached documents)

Fig. 2: Photos of tokamak CASTOR in former location on IPP CAS (obr2.jpg in attached documents)

Objectives of sollution 
Primary goal of project is to improve the upbringing of new generation in widely developing physics and technics of hot plasma programme in Czech Republic and in Europe (new built tokamak COMPASS, laser system PALS and projected laser laboratories HYPER and ELI) and fusion nuclear programme of EU. The stress is given on practical experiences gain.
FJFI CTU, with its specialised curricullum, prepares specialists for technical, technological and scietntifical disciplines related to fusion. By reoperating the tokamak, the faculty will become a unique European pedagogical workstation, where sudents of this curiculum will be able to immediatelly verify their theoretical knowledge on appropriate educaional experimental device. This step will greatly support the practical part of education and readiness the absolvents for technological challenges related to fusion programmes.

Ways of sollution

The project sollution is the second and third phase of routinal operations initiation. After definitive integrating and securing the basic functions of tokamak (seal of vacuum system and energetics) it is necessary to reoperate the regulation electronics, elementary diagnostics and feedback stabilisation systems. The third step of process is design and realisation of experimental practices, which will introduce the students a variety of practical problems and activities related to problematics of plasma of high energies. Particularly, we are preparing the realisation of these steps:
a) Routinal operation of tokamak (garants: ing. Vojtěch Svoboda, CSc., doc. Ing. Zdeněk Češpíro, CSc., ing. Gabriel Vondrášek, RNDr. Vladimír Kopecký, DrSc.)
Critical objectives:
· Vacuum seal of chamber
· Glow dischage (primary low energy plasma)
· First elementary diagnostics, data acquisition
· Control system
· Reoperation of capacitor battery of toroidal field
· ECR discharge – magnetrons, first plasma
· Capacitor battery for inductive heating, first confined plasma (pulse period about 10 ms)
· Feedback stabilisation system (pulse period about 40 ms)
Design of experimental practices:

b) Elementary diagnosics (garants Mgr. Jan Horáček, Ph.D., ing Vojtěch Svoboda, CSc.):
For tokamak operation, the set of standart diagnosics to measure the global parametres of discharge (plasma density, electron and ion temperature, voltage per bend, plasma current and radiation of particular chosen Halfa energies, CIII etc.) is needed. Such a diagnostics are inevitable for acquisition of quality discharge. In this case, the slower acquisition in 50 kHz is more appropriate. The main objective of the students will be to get familiarised with practical work on tokamak, realisation and analysis of discharges, looking for good discharge of appropriate parameters, electronics, cable integation and data acuisition systems check and team work.
Work objectives

· Characteristics of elementary parametres of tokamak discharge
c) Probe measurements (garants: prof. RNDr. Milan Tichý, CSc., Mgr. Jan Horáček Ph.D.)
Probes makes posible to obtain detailed information about edge plasma in tokamaks. There were developed Langmuier probes field for space-time monitoring of structure of turbuleces, emissional Ball-pen probe for direct plasma potential measurement, oriented probes for ion flow measurement and tunnel probe for fast measurement of electron and ion temperature.
Designated work objectives:
· Characteristics of radial profiles of density, potential and poloidal velocity of turbulential structures.

· Finding the separatrix location, comparission of the potential profile and polodial velocities measurements results.

· Noise analysis of floating potential signals of 4 probes.

· Separatrix location calibration on vertical displacement of plasma

· Should the tokamak condition allow going over to harmonical relaxation of transport barrier regime, characterise the reliance on its frequency on the change of plasma or electrode location.
d) Bolometric field for radiation losses (garants: Mgr. Vladimír Weinzettl, Ph.D., Edita Dufková) Bolometric detectors are the part of basic diagnostic of tokamak plasma. They measure the overall energy of incidental electromagnetic radiation. Next to the data on radiated power, they make possible to obtain spatial arrangement of radiation by placing more detectors together, so that they will scan the plasma radiation through narrow gap. This ensures the detailed spatial detecting of radiation developement. The the adjustment of standart metallic bolometers is in milliseconds and thus it is not fast enough to monitor fast-paced changes in tokamak plasma (turbulences, instabilities). By using the fast data acquisition in combination with bolometres based on semiconductor diodes, it is possible to obtain the time-adjustment about one microsecond, which will allow very detailed monitoring of plasma development. The work with bolometres will introduce the students the basics of analysis of radiation losses on tokamak plasma. The visualisation of data will help to understand better the studied problematics and in several basic experiments the students will get the relations between major plasma parametres enlightened.
Submission of work tasks:

· Monitoing of time development of overall radiation during the discharge. Monitoring the radiation profile and its changes. Discussion on topic local vs. integral measurement
· Influence of the magnetic stabilisation change on the plasma radiation (its shape and location). Switching the magnetic stabilisation moves the plasmatic column up, down, left, right, and that will influence the signals of bolometres.
· Influence of the plasmatic density changes on overall radiation or on radiation profile changes. Injecting the hydrogenium, while discharge lasts, changes the plasmatic density.
· Influence of the magnetic field and plasmatic current on overall radiation
· Tomography or 2D radiation reconstruction
· Fluctuations monitoring. By using the fast data acquisition the turbulences in plasma are apparent. Eliminating the background from data, visualisation, noise parts, correlation analysis
e) Interferometer in 4 mm zone (75 Ghz frequency) (garant: Ing. František Žáček. CSc.)
Contact-less charged particles density measremnment possibility is one of the main demands on hot plasma diagnostics of tokamaks. On CASTOR tokamak there was used homodynnamical microwave interferometer working on λ = 4 mm (frequency f = 75 GHz), with dispersive conduction of relative length about L/λ = 3000 (in reality created by waveguide transporting probing wave from generator to transmitting antenna and waveguide transporting the wave from before and thus bearing the information about the plasma density, back to the receiver). For wave probing generator, there was used Gunn diode with fast (fIF = 500 kHz) frequency wobbling, which enables to monitor the plasma density changes over the time on fIF interfrequency and thus with appropriate time resolution converging to 10 microseconds. At stated length of dispersion conducting, it is necessary for formation of interfrequency sinus-like signal on receiver (for obtaining phase difference between referencing and measuring wave on receiver of 2π) relative small frequental wobbling generator (Δf/f = λ/L about Δf = 25 MHz). This electronic wobbling was created by saw-like shaped voltage, lead to varactor, which then, according to ammount of voltage, changes the frequency of generated wave. According to experiences with operations of interferometer on CASTOR, for its demanded function it is needed the power of at least 100 mW.

f) System for magnetical field measurement by Hall probes (garants: Ing. Ivan Ďuran, Ph.D.)
System is for magnetical measurements inside the vacum vessel of tokamak CASTOR. The aim of the measurement is to obtain informations on spatial arrangements of magnetic field inside the chamber of CASTOR during the discharge and later particularize the location of plasma and raising the effectivity and precision of its feedback control. This diagnostics will introduce the students the advanced methods of magnetic fields measurement, which are recently being tested on large tokamaks JET and Tore Supra and will be used on future fusion reactor ITER as well. System will also enable students to demonstrate the arrangement of the magnetic field components inside the chamber of tokamak and to understand the principle of plasma location measurement by magnetic diagnostics. Instalation of the system will enable the comparative measurement of plasma location by magnetical measurements (inductive and galvanometric), bolometry and Langmuier probes. This will create the ideal conditions for the demonstration of advantages and limits of the particular plasma location measurements methodics.
Submission of work tasks:
· Measurement of magnetic fields arrangement inside the chamber of CASTOR by separated waking of the particular systems of tokamak windings (toroidal, primary, poloidal). Comparission of measured values with model of vacuum magnetic field induced by current in particular winding.
· Measurement of magnetic fields by coils and Hall sensors at development. Familiarisation with principles and technical realisation of both methods of magnetic field measurement and practical comparission of both diagnostics outputs, considering sensitivity, frequency area and precision.
· Interpretation of plasma location by Hall sensors in diferent regimes of operation and comparrision of results with output of bolometres and radial field of Langmuier probes.
· X-ray diagnostics (garants: Ing. Tomáš Trojek, RNDr Lenka Thinová)

· 1) Dosimetry of ionising radiation fields in tokamak vicinity

Dosimetrical measurements in vicinity of tokamak CASTOR will include the dosimetry of x-ray fields and gamma radiation. In the x-ray case there will be necessary to determine the equivalent dosis in the low energy area. Comparision of these results with the data obtained by common photon radiation dosimeter will enable to differ the shares of low-energy and high-energy part of photon radiation field in tokamak vicinity. For identification of possible sources of gamma radiation there will be used spectrometrical HPGe detector which enebles to use the measurement of in-sit.
Work tasks:

· Measurement of equivalent dosis of x-ray and gamma radiation

· Gamma radiation spectroscopy

· 2) X-ray plasma diagnostics

The task is to state the spectres of x-ray radiation, emited by plasma, by sillical spectrometrical detector. The solution of problem can be divided into 3 parts. The detector must be first calibrated by radionuclide sources emiting known fluxes of photon radiation in low-energy area. In the second part, this semiconducting detector will measure x-ray radiation. Then, there will be stated the spectrum of x-ray radiation of the results which will be derived of the detector reaction on known radiation spectrum of calibration measurements.
Work tasks:

· X-ray radiation spectrometry

g) Diagnostics of hot plasma by Z-pinch aparature (garants: prof. RNDr. Pavel Kubeš, CSc., doc. Ing. Josef Kravárik, CSc., Ing. Daniel Klír, Ph.D.)

Visualisation of the current derivation signal, x-ray radiation, energetical electrons and neutrons, with time resolution of 2 nanoseconds. Students of aforementioned subjects will obtain conception of conditions and problems of fusion processes realisation which are taking place in large fusion reactors. This task will be realised by cooperation with FEL CTU on their pinch aparature.
Designated work tasks:
· To identify the running and state the signal correlation to precision given by time resolution of detector and to state parametres of plasma in the moment maximum energy density, which lasts a few nanoseconds, when comes to deuterium acceleration and fusion collisions.
Presentation and results utilisation

The seminary is being planned, in which, on the project finalisation, the whole endeavour will be concluded. This seminary will be accesible to both specialists and all the pedagogical employees of all the educational stations, which will show their interest in familiarisation of the designated project results. On the same time there will be operated a website on which will be possible , for example, to make a virtual survey of designated device or to browse the detailed description and simulation of designated experiments.
The project results will be then used as it is stated in paragraph on the group the projec is aimed at.

Characteristics of solving collective

Prof. Ing. Igor Jex DrSc.

Professor of FJFI CTU, department of physics, director of department. Deals with the problematics of theoretical quantum optics, nuclear optics and quantum information theory. Teaches theoretical physics, thermodynamics and transport events for physics and technics of thermonuclear fusion on FJFI. Also holds discourses on chosen thematics on advanced statistical mechanics for grad students.

Prof. RNDr. Milan Tichý, DrSc.
[prodekan???] for development of MFF CUNI. Many study residences abroad. Is interested in: elementary processes which are taking place in low-energies plasma, diagnostics of low-energies plasma, plasmatic chemistry. Pedagogical work: physics of low-energies plasma, mikroelectronics, hf electronics, basic educaton of physics, takes part in qual exam commisions, membership in PGDS physics of plasma on MFF CUNI, FAV ZČU Plzeň, PřF MU Brno.
Prof. RNDr. Pavel Kubeš, CSc.

Educational activities on FEL and FJFI CTU, MFF CUNI – Physicsm Electrical discharges, Daignostics of plasma. Vice-chairman of VR International Center on Dense Magnetized Plasma seated in Warshaw. Head of Prague Division ICDMP, member of Dense Z-pinches commision for central Europe. Research on magnetical pinches as sources of strong magnetical fields, energetical particles, high current densities and densities of energy on both local and large aparatures abroad for controlled thermonuclear fusion research and studies of high-energy particles.
Doc. Ing. Zdeněk Češpíro, CSc.

Physics department FJFI CTU employee. Recently is responsible for both basic and advanced physical practics. On the project will be responsible for vacuum system of CASTOR tokamak. 
RNDr Vladimír Kopecký, DrSc.

Finished studies on theoretical physics on department of physics on University of Moscow. Recently is academic worker of IPP CAS in Prague. He was interested in ionised plasma instabilities, spreading, conversion and absoption of hf waves in inhomogenical magnetoactive plasma, hf heating and towing current in tokamaks. Now is working on thermal plasma generation in water-stabilised plasmatrons and applications of this plasma in plasma chemistry.
RNDr. Jan Mlynář, Ph.D.

Academic-pedagogical worker of FJFI CTU (Introduction to thermonuclear fusion physics of tokamaks, Chosen parties of MCF, Physics and technics of thermonuclear fusion seminary, ITER and following programme), is research worker of IPP CAS. Co-coordinate the Physics and technics of thermonuclear fusion curriculum.
Ing. Vojtěch Svoboda, CSc.

Academic-pedagogical worker of FJFI CTU (basic  course of physics, physical practics), academic actvity on tokamak of Insctitute of Plasma Physics of CAS. Coordinates the Physics and technics of thermonuclear fusion curriculum. Works on innovation of chosen problems of physical practices and on integration of computer regulation and data processing. Is responsible for reoperation of CASTOR tokamak on FJFI.
Ing. Tomáš Trojek, Ph.D.
Works on dosimetry and aplication of ionising radiation department of FJFI CTU, academical worker and clerk of department. Takes part in many experiments, study residences and courses abroad. On FJFI teaches courses Basics of dosimetry and advises students on their diploma and dissertation theses.
Ing. Gabriel Vondráśek

Personnel of Department of Physics FJFI CTU. Took part on documentation and dissasembly of tokamak CASTOR on IPP CAS. Recently is co-responsible for assembly and reoperation of tokamak on FJFI.
Edita Dufková

Student of FJFI CTU, 2004-2007 personnel of Institute of Plasma Physics, Tokamak department, specialisation on radiation losses in plasma measurements, development and instalation of bolometric diagnostics.
RNDr. David Břeň, Ph.D.

Specialised assistant of department of physics FJFI CTU. Teaches excercises of basic course on physics, course on nuclear and mollecular physics, excercises on tokamak physics and physical practices.
Collaborators:

doc. Ing. Josef Kravárik, CSc. (KF FEL CTU), Ing. Daniel Klír, Ph.D. (KF FEL CTU), RNDe. Lenka Thinová (KDAIZ FJFI CTU), doc. Ing. Ladislav Krlín, DrSc. (IPP CAS), Mgr. Vladimír Weinzettl, Ph.D. (IPP CAS), Ing. Ivan Ďuran, Ph.D. (IP CAS), Mgr. Jan Horáček, Ph.D. (IPP CAS)
Consultants:

RNDr. Jan Stockel, CSc. (IPP CAS), Ing. František Žáček, CSc. (IPP CAS) 
Vindication of financial requests

Tokamak CASTOR was wholy moved from IPP CAS. IPP CAS kept some critical apparates for operation of their new device COMPASS. Some apparates will have to be bought anew, in some omponents it is necessary only the reconstruction or upgrade.

Turbomolecular pump with accesories and vacuum measure (priority a): All the experiments on tokamak must be taking place in purified enviromnment of midle-class vacuum, about 10-4 Pa. This can be obtained by turbomolecular pump exhaustion.

Feedback sabilisation system (priority a): The location of hot plasma inside the chamber must be regulated by stabilising poloidal coils winded around the ring. This enables to prolong significantly the plasma confinement period from about 8 msec to 50 msec. It is necessary to install digital feedback by computer interface, which will allow the students much higher variability in acess of plasma location control.
Dosimeter for x-ray diagnostics (priority g): Measuring device X-Ray/Gamma Survey Meter – RGD2709 (detailed specifications of the device in document det_ion_chamber.pdf)

Part of designated experimental pratices can be measured with already available equipment of Dosimetry and aplication of ionising radiation department. However, considering the neccesity to measure photon radiation of low energies, which we encounter on tokamak, there will be inevitable to buy dosimeter appropriate for this area of energies. The apparature X-Ray/Gamma Survey Meter – RGD2709 fullfiles this demands. It is a dosimeter containing air-equivalent ionisation chamber calibrated on stating the equivalent dosis on power inputs of photon equivalent dosis. This dosimeter is sensitive on wide area of radiation energies, e.g. of several keV to MeV, considering the way of measurement. Aditionally, shows a little energetical and course dependancy. The lowest measurable values of equivalent dosis and power inputs of equivalent doses are in the area of microSv, or microSv/h.
The measuring device will be used on both student laboratory excercises sllutions and radiation protection assurance as dosimetre for long-term monitoring of radiation load in tokamak vicinity.

Data Acquisition System (priority c):

· 24 channels of area width of 1 MHz for probing diagnostics, measurements of floating potential turbulences
· 4  channels with area width of 10 Mhz for extremely fast events on advanced Langmuier probes
· 18 channels with area width of 50 kHz for basic diagnostics (plasma density, electorn and ion temperature, voltage per bend, plasma current and radiation of particularly chosen Halfa energies, CIII)
Programmable arbitrary function generator AFG3022B (priorities c, h) is possible to obtain from company TM Direct (specification i attached document det_AFG_3022B.pdf). Reqested generated signal is visualised with all the details and parametres of the signal on the same time on  large display. Has two-channel output. Two channels can be set and generated both independently and together (I/Q segments, 2 bit flows ect.). The use is planned to problem of probe measurements. However, functional generators with power output for probe diagnostics are not constructed, so an ordinary functional generator must be used and modified (assemble a current booster on its output). Appropriate types of functional generators can be obtained from Tektronix company. An advantage of a device is that it has LAN connection, e.g. data will be easy and fast to transport. The galvanic insulation of signals will have to be modified as well.
Control panel (priorities a - h): Plasma monitor with touch panel integrated together with PC to digital large-surface regulation and evaluation of the whole experiment. Touch panel together with computer and appropriate software will enable all the students to watch and eventually regulate all the phases of preparation, control, switching and evaluation of the experiment in modern and interactive form.
Magnetical measurements by Hall probes (priority f): This advanced magnetometrical system will offer students the oportunity to familiarise themselves with methodics of measurements of almost stationary magnetical fields, which is very important for large fusion devices as ITER and DEMO. The system will further particularise the information on magnetic field distribution inside CASTOR chamber and thus will make further  possible to raise the precision of plasma location specification as a value crucial for both tokamak operation and outputs of other diagnostics of CASTOR tokamak.
System is assigned for magnetical measurements inside the vacuum vessel of tokamak CASTOR. The aim of measurement is to obtain information on spatial distribution of magnetic field inside CASTOR chamber and further improvisation of both plasma location estimation and effectivity of feedback stabilisation control.

Technical specifications of system:

· 4 probes, each measuring horisontal, vertical and toroidal magnetic field

· Temperature probe integrated into each of the probes

· Regulation electronics for supplying the probes with stabilised current source, amplification of output signals of Hall probes and evaluation of the temperature probe output. Analog output of measured signals for integration to data acquisition systems
· Good system frequentional characteristics (0-100 kHz)

Bolometric field of diodes AXUV20EM (Priority d): Its instalation on tokamak is vital for tokamak radiation monitoring and evaluation of physical processes in plasma. Designated field is of 20 diodes.

4-channel osciloscope TDS3054C (priority h) is possible to obtain from company TM Direct (detailed specification is in attached document det_TDS3054C.pdf). Osciloscope of this kind had already been tested. It has digital output and visualises the signals on adequate level with impulse period of several nanoseconds. Its use is planned mainly for problem Diagnostics

of hot plasma. The new osciloscope will enable the concurrent measurement of signal periods of energetic photons, electrons and neutrons and next 4 parametres with more precise time-development. The students will be able to give more precise describtions of relative correlations of very fast changes.

Microwave generator (priority b) used on CASTOR in Institute of Plasma Physics, together with all the waveguiding parts of measuring track and electric circuits, enabling the plasma density evaluation, have never been constructed nor obtained by commercial way. While the track itself, including electronics, is functional, the power input of generator (already repaired several times before) fell under sil value. The demanded financial dotation of 78 000,- Kc would make possible to buy a new generator, which would make the interferometer operational once again.
Power amplifier for Langmuier probes in tokamak plasma (priority c). Current booster for Langmuier probes measurements of medium value and density fluctuations of plasma edge layer, everything in radial and poloidal profiles.
