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Tokamak mission:
to create µSun in the terrestrial conditions

2
1D(10keV) +3

1 T(10keV) ⇒4
2 He(3.5MeV) + n(14.1MeV)

The task: to heat (up to 100 million degrees) DT fuel and confine it (up to
30 years) in the high temperature plasma state of matter to produce He &

fusion energy.



A Roadmap to the Fusion Power Plant



Education importance



The GOLEM tokamak for education - historical background



Tokamak (GOLEM) basic concept
to confine and heat the plasma
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The GOLEM tokamak basic characteristics
The grandfather of all tokamaks (ITER newsline 06/18)

Vessel major radius R0 = 0.4 m

Vessel minor radius r0 = 0.1 m

Plasma minor radius: a ≈ 0.06 m

Maximum toroidal magnetic field
Bmax

t < 0.5 T

Maximum plasma current Imax
p < 8

kA

Typical electron density:
< ne >≈ 0.2− 3 × 1019 m−3

Effective ion charge: Zeff ≈ 2.5

Maximum electron temperature
Tmax

e < 100 eV

Maximum ion temperature
Tmax

i < 50 eV

Maximum discharge duration
τmax

p < 25 ms

(Electron) energy confinement time:
τe ≈ 50 us



The global schematic overview of the GOLEM experiment

Data presentation

HTML (www pages)

Control PC

WWW server

HTML & PHP scripts
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Virtual control room
(remote participation)

WINDOWS via putty

LINUX via ssh
or ssh+X tunnel 

(advanced mode)

internet
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Data handling

*wget
*gnuplot
*idl
*mathematica
*matlab
*etc...

Tokamak technology setup
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Remote control interface of the GOLEM tokamak

top navigation bar

3D model rendering

rendering settings

sliders and checkboxes

engineering scheme

workflow buttons



Live real-time view of the experiment



Shot homepage



Remote data access
(using a few high level functions)

import pandas as pd
import ma t p l o t l i b . p yp l o t as p l t
URL = ’ h t tp : // golem . f j f i . c vut . cz / u t i l s / data/{}/{} ’
# f u n c t i o n f o r r e a d i n g 1D y ( t ) s i g n a l s
def r e a d s i g n a l 1 d ( shot number , s i g n a l i d ) :

u r l = URL . format ( shot number , s i g n a l i d )
r e t u r n pd . r e a d t a b l e ( u r l , names=[ ’ t ime ’ , s i g n a l i d ] ,

i n d e x c o l=’ t ime ’ )
# r e a d t h e s p e c i f i e d s i g n a l s
sho t no = 29395
U l = r e a d s i g n a l 1 d ( shot no , ’ l o o p v o l t a g e ’ )
I p = r e a d s i g n a l 1 d ( shot no , ’ p l a sma cu r r e n t ’ )
P OH = U l∗ I p
# v e c t o r i z e d , t ime−a l i g n e d o p e r a t i o n
B t = r e a d s i g n a l 1 d ( shot no , ’ t o r o i d a l f i e l d ’ )
H a = r e a d s i g n a l 1 d ( shot no , ’ p ho t od i od e a l pha ’ )
# combine i n t o a data frame t a b l e
d f = pd . concat ( [ U l , I p , B t , H a ] , a x i s=’ columns ’ )

# p l o t t h e data t a b l e i n s u b p l o t s from 4 to 25 ms
d f . l o c [ 4 e−3:25e−3]. p l o t ( s u b p l o t s=True , y l im =(0 ,None ) )
p l t . show ( )

# d i s p l a y t h e f i g u r e i n a window
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Available topics

Level 0 ”a game/playground”

Level 1 ”basic”

Breakdown studies
Energy confinement time τE

q = 2 disruptions

Level 2 ”data mining”

Neo-Alcator confinement scaling law
Machine learning

Level 3 ”advanced”

Isotopic studies
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Remote control 2009-2019 inventory

Demonstrations: Ghent University 09; Bochum University 13; Garching 13; Lemvig
High School 14; Instituto Tecnologico Costa Rica 10; Armidale University 17.
Training courses: French Training Course & EM 12-14,16-19; Bangkok 16-19; TU
Eindhoven 11,15-19;TU Kobehaven 14,15,18;Grenoble TU 15, University of
Belgrade 15-18; BUTE Budapest 10,12-18; University of Padova 14,16,18; TU
Torino 16-18, St. Peterburg University 18-19. Kharkov University 19
Workshops Kiten: 14,16,18; Observatorium Valasske Mezirici 14; Islamabad 14.
Miscellaneous: Global Tokamak Experiment 10.



Remote discharges over the Czech borders (up to 2017)



Control room tomorrow open
(Demo #65 @ UMa-R Room D 8:30-10:00)

Go to http://golem.fjfi.cvut.cz/expat19

... and enjoy discharges from Madeira ..
from any internet device (even from your mobile phones)



Tokamak GOLEM for Fusion education

You are welcome to exploit this facility

Lectures, demonstrations at universities

Spring/Summer/Autumn/Winter schools

Training courses

... etc.

... even remote Bachelor and/or Diploma thesis

web:http://golem.fjfi.cvut.cz
mailto:svoboda@fjfi.cvut.cz

http://golem.fjfi.cvut.cz


Fee: postcard from the venue of remote measurements
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