
Courses at the Alfvén Laboratory
ED2200 ENERGY AND FUSION RESEARCH, 6 hp, period 4
Learning outcomes:  
The student should be able to
• give an overview of the national and global energy production within a sustainable perspective
• discuss the need for fusion energy for future production of electricity
• describe the principles for magnetic confinement, both at particle- and at macroscopic level
• give an account of the most important plasma models
• solve simpler problems within the fusion plasma physics fields of equilibrium, stability and transport
• describe the basic plasma parameters and corresponding diagnostic techniques for fusion plasmas
• explain the function of different plasma heating techniques
• describe the components of a fusion reactor, and their functions
• give an account of alternative confinement schemes and the planned route to a reactor

Teaching and learning:
•Lectures (2 x each week)
•Exercise sessions (1 x each week))
•Mini group work (1 x each week)

Examination is continual.  No final exam:
•Home assignments (weekly)
•Last course week – extended Home assignment
•Mini group works (weekly)

CDIO:
•Mini group work  45 min, three students randomly 
selected in each group, secretary hands in answers

Relation to other courses:
• Plasma Physics course desired, not needed
• Some TET and Vector Analysis needed
• Certain skills such as linearization introduced















Solen från 
SOHO satelliten, NASA

What is fusion energy?

Jan Scheffel, professor
Fusion Plasma Physics
KTH 



• Fusion is the energy source of the Sun
• On earth – a potentially sustainable, 

clean energy source

• But – a great technical challenge!

• Today we build ITER – the first reactor to produce
more energy than it consumes

• How do we move from ITER
to commercial power stations?

Background



Scandinavia’s only fusion experiment – a reversed-field pinch



ITER will be built in
• Spain
• Canada
• Japan 
• France

Question



ITER will produce 500 MW from
• D-T reactions
• D-D reactions
• p-p reactions
• p-B reactions

Question



Which criterion determines breakeven?
• Double product criterion
• Triple product criterion
• Shafranov’s criterion
• Alfvén limit

Question



What is fusion energi?

Picture courtesy of the 
SOHO/EIT collaboration



Plasma – the fourth state of matter

Heat



Plasma







Plasma – needed for today’s technology!



Fusion Technology - Spin Off Examples

Superconducting Magnets for medical use

New materials: CFC for Airplane breaks



Fusion reactions in the sun



The energy we use on earth
started as fusion energy

Renewables (direct energy):
* solar, wind, hydro
Fossil (stored solar energy in organic material):
* coal, oil, gas
Fission (uranium is formed during super nova explosions) 



HYDROGEN ISOTOPES

Radioactive
Half life 
12.6 years



Fusion reactions
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n is the fuel ion density
E is the fusion energy per reaction
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Fusion	reactions	on	Earth
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1 kg fusion fuel provides as much energy as
1 000 000 kg coal!



Triple product
nTtE > 3x1021 m-3keVs

➨ High density (n)
➨ High temperature (T)
➨ High confinement (tE)



How long is the energy in the system 
(home or plasma) ?

Energy confinement time

Home: 
tE ~ 0.5-1 day
Winter ~ 90-120 days

Plasma in tokamak:
tE ~ 0.2-1 seconds (JET)
Plasma duration ~ 30 s

The heat must be 
kept!

W ~ energy density

Energy confinement



Confinement

Magnetic confinement appears most favourable 
for energy production on earth

gravitational magnetic inertial



Particle orbits in a magnetic field - 1

electron

ion



Particle orbits in a magnetic field - 2
Charged particles moving in a 

magnetic field feel a force:

Ions and electrons then move 
round the tokamak, orbiting 
around magnetic field lines

BvF ´= q

radius = rg =
mv⊥
qB

B

B
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Different magnetic confinement schemes

Tokamak Stellarator

EU world leading
The tokamak is presently the main line

Reversed-field Pinch



Magnetic confinement



Magnetic confinement



Which is not a way to heat
a fusion plasma?
• Radio frequency waves
• Neutral beam injection
• Adiabatic compression
• Ohmic heating

Question



Plasma heating



The Tokamak – successful magnetic bottle



Magnetic field coils

An octant section of JET's torus, held in a C-frame, being 
transported in 1982

Final octant section being installed in 1982



JET



Only fusion experiment in Scandinavia – a Reversed-field Pinch (RFP)



1. Plasma instability: small 
perturbations lead to growing 
deformations

2. Passive stabilisation: an 
electrically conducting shell confines 
the magnetic field and provides 
damping of the perturbation by the 
magnetic pressure at the wall

3. Active stabilisation: The 
perturbation can be completely 
damped when the shell is combined 
with outer magnetic coils that provide 
magnetic return forces on the plasma

Plasma instabilities
- and stabilisation



Plasma perturbation in EXTRAP T2R

The plasma deformation 
grows in time 
(exaggerated here)

Experiment, showing light 
from parts of wall that are 
in contact with the plasma

Camera view for 
picture at the right



• Active plasma control in ITER can improve plasma stability

• Higher plasma pressure can be confined and more fusion reactions 
per second results.

Potential for ITER


