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Plasma confinement

Cool plasma is easy to confine

But fusion plasma cannot survive contact 
with any wall:  heat loss quenches plasma  
(only minor damage to wall).

✔



Gravitational force, directed toward center

Solar plasma 
confinement:

Gravity holds plasma 
together, allowing fusion

But gravitational force 
is proportional to mass: 

Solar confinement works because sun is large and massive



Solar corona: a different 
sort of confinement

Filaments and loops 
reveal charged particles 
trapped on magnetic 
field lines

Magnetic force is 
independent of mass: acts 
equally on large and small 
scales



Magnetic force links plasma (charged 
particles) to “field lines” 

Motion across field lines is tightly constrained; but motion 
along field lines is not affected. (“2-D confinement.”)



Key to magnetic confinement

Suppose magnetic field 
lines lie on a surface, 
rather than wandering 
through some 3D volume.  

A surface covered by magnetic field lines is called a 
magnetic surface.

A closed magnetic surface will confine plasma.



Magnetic bottle?
An arbitrary surface cannot be 
covered with smooth field lines

Either singular point, or null 
point, somewhere on surface
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Closed magnetic surface 
must be toroidal

TokamakKrispy Kreme

No ends to cap: field lines cover surface



Tokamak interior






