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Tokamak GOLEM - basic parameters:

m major radius R = 0.4
m plasma current [ < 10 kA

m toroidal magnetic field
Bior <1T

m electron temperature
T.(0) < 200 eV

m minor radius a = 0.085 m
m pulse length t <20 ms
m plasma density

ne = 0.2 — 3.0 % 101°/m?3
m ion temperature

T:(0) < 100 eV



The new location of the tokamak is just next
to the old Prague Jewish cemetery where Rabi
Loew (Golem builder) is burried, and that is
why it was renamed GOLEM (and also for the
symbol of potential power you get if you know
the magic). Interestingly, here in Prague,
where the Golem legend originated, Golem is
not perceived as a symbol of evil, but rather as
a symbol of power which might be useful but
is very challenging to handle. To learn more of
the Golem legend, see e.g. wikipedia.



Tokamak GOLEM for Education - Historical Background
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Plasma in Tokamak (GOLEM) - the least to do
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Engineering scheme of the GOLEM tokamak
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Sreationn
Clectn e 1o
Preionization (electron gun) et o
m . . . pischar + T i % =
Equilibrium magnetic field 21 pischarge 2, -
S VM ~breionizatior™, =
“93puieied ON/OFF_
. 4o35weied
oischargg | |C T — W
(Ue,lVDy " c T oischarge
"y e " T (UglVl
23 mF-I- “Sj5uieied Zk\;".
Breakdown

Toroidal magnetic field

pischarge N
(Ug,IVI -

Dy “Sisiisied

pischarge
(_Teplmsl)  Current drive

“S35uieied

: pischarge
Ccp_l_ ]( : »lvaCD[VI\'

Vacuum stand

O

RUTHET W
2%




Unique remote operation capability

Tokamak control room
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The Golem tokamak - South view (02/12)




The Golem tokamak - South view (02/12)
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The Golem tokamak - North view (02/12)




The Golem tokamak - North view (02/12)
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Infrastructure room (below tokamak)
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Insertion - LC circuit
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Tokamak GOLEM - basic

LEVEL 0




+ vacuum pumping system (100 kPa — ~ 1 mPa)

LEVEL 0




+ working gas management (H; or He)

LEVEL 0




+ toroidal magnetic field B;,, .. plasma confinement
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+ toroidal electric field Ecp .. plasma heating
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+ toroidal electric field Egp .. plasma creation
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+ equilibrium magnetic field Bgg .. plasma stabilization
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Outline

GOLEM tour
m Ports



SouthEast-Upper port - glow discharge/biasing electrode

&Glow Discharge


http://www.youtube.com/watch?v=Xm_NMUcaGNk

Glow discharge/Biasing electrode - chamber view




South-Upper port: Fast camera CASIO FX1 Il



http://golem.fjfi.cvut.cz/wiki/diagnostics/radiation/FX1/EXF1_MF_FD_110808_E.pdf
http://golem.fjfi.cvut.cz/shots/4804/das/Radiation/0211FastCameraExilim.ON/index.html

South-Upper port: Photodiodes
(I-w/o filter, lI-H,, filter)

“Manual F4H,, Spectral sensitivity


http://golem.fjfi.cvut.cz/wiki/diagnostics/radiation/Photodiode%20BPW34/
http://golem.fjfi.cvut.cz/wiki/diagnostics/radiation/Halpha/www.alpineastro.com/filters/H-Alpha_7nm_Curve.htm

SouthWest-Upper port: Interferometry - input




SouthEast-Middle port - IP camera viewing chamber

HManual, €Tokamak Discharge, €Glow Discharge


http://golem.fjfi.cvut.cz/wiki/diagnostics/radiation/Vivotek8134chamber/fd8134manual_en.pdf
http://www.youtube.com/watch?v=3CN7ZNRacew
http://www.youtube.com/watch?v=Xm_NMUcaGNk

South-Middle port: Fast camera CASIO FX1 |

@Manual, IIIEMD scharge sequence


http://golem.fjfi.cvut.cz/wiki/diagnostics/radiation/FX1/EXF1_MF_FD_110808_E.pdf
http://golem.fjfi.cvut.cz/shots/4804/das/Radiation/0211FastCameraExilim.ON/index.html

SouthEast-Midlle port: Spectroscopy
fiber connecting spectrometer HR20004+-ES

He spectrum No:7163


http://golem.fjfi.cvut.cz/operation/shots/7163/diagnostics/Radiation/1111Spectrometer.ON/
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ws Description, _Discharge sequence


https://sites.google.com/site/gomtraic/list-of-tasks/radial-profile-of
http://golem.fjfi.cvut.cz/operation/shots/7509/diagnostics/Radiation/0211FastCamera.ON/

Rake probe (2012)
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South-Bottom: vacant




SouthWest-Bottom port: Interferometry - output




NorthEast-Upper: Mirnov coils

ws Description


https://sites.google.com/site/gomtraic/list-of-tasks/mhd-activity

NorthEast-Middle: Vacuum Stand




NorthEast - Bottom: Gas injection system - H,, Air, He



http://golem.fjfi.cvut.cz/operation/shots/6596/chamber.jpg

NorthWest and North - Top and Middle: vacant




North - Bottom: vacant




NorthWest - Bottom: Vacuum Gauge & Preionization Gun
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Outline

GOLEM tour

m Data acquisition system



Data acquisition system | - basic

wN| PXI-1031,49NI PXI-8195,«NI| PXI-6251


http://sine.ni.com/ds/app/doc/p/id/ds-285/lang/en
http://www.ni.com/pdf/manuals/371445a.pdf
http://sine.ni.com/nips/cds/view/p/lang/en/nid/14125

Data acquisition system Il - turbo

wN| PXle-1062Q,=*NI PXle-8108,=NI PXle-6358


http://sine.ni.com/ds/app/doc/p/id/ds-333/lang/en
http://sine.ni.com/nips/cds/view/p/lang/en/nid/207075
http://sine.ni.com/nips/cds/view/p/lang/en/nid/209216

Data acquisition system Il - papouchSt

&Papouch DAS1210


http://golem.fjfi.cvut.cz/technology/DAS/PAPOUCH/VelkyDAS/man/das1210.pdf

Outline

GOLEM tour

m Vacuum management system



Vacuum management




Vacuum Stand - Turbomolecular pump, Ultravacuum
gauge, Galvanic insulation

MP manual,“¥Controller manual


http://golem.fjfi.cvut.cz/wiki/HW/Vacuum/TMP/PfeifferHiPace300/HiPace300.pdf
http://golem.fjfi.cvut.cz/wiki/HW/Vacuum/TMP/PfeifferHiPace300/TC400.pdf

Vacuum Gauge

Vacuum gauge Preionization gun

&Manual


http://golem.fjfi.cvut.cz/wiki/HW/Vacuum/Gauges/FullRangeGauge/Manual.pdf

Rotary Pump with valve

&Rotary Pump


http://youtu.be/lymX-nWSrfg

Control system for capacitor charging and vacuum
management




Outline

GOLEM tour

m Gas management system



Gas management




Gas reservoirs - Air, H,, He

Vwi ww\mwmmmwm\

o,

wsComparison of discharges in H and He


http://golem.fjfi.cvut.cz/tasks/Specials/12HandHe/030212_2145/

Gas injection system - H,, Air, He



http://golem.fjfi.cvut.cz/wiki/HW/Vacuum/Valves/EVR116/EVR116.pdf

Outline

GOLEM tour

m Preionization



Preionization - scheme

Vacuum
chamber




Preionization Gun




NorthWest - Bottom: Vacuum Gauge & Preionization Gun
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Outline

GOLEM tour

m Energetics infrastructure



Energetics infrastructure - setup
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2kV power source, short circuit system and thyristors for
breakdown and plasma stabilization




Thyristors for magnetic field and current drive




Charging resistor (common for all 4 circuits)




Capacitor bank for toroidal magnetic field

413500 fd, 1300 Volt, 11500 Joule Qil-Filled Energy Storage
Capacitor


http://www.amazing1.com/capacitors.htm
http://www.amazing1.com/capacitors.htm

Capacitor bank for current drice




Capacitor bank for breakdown




Capacitor bank for plasma stabilization




Control system for capacitor charging and vacuum
management




Outline

GOLEM tour

m Control system
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Basic control /including triggering system




Winter school of Plasma Physics - Marianska 2011
(Tokamak, probably COMPASS, with NBI )

http://golem.fjfi.cvut.cz,

you and your students are welcome
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