
Plasma Physics - Homework 9, 11/17/2006

1. Force balance equation in cylindrical coordinates:

Assume∂/∂θ = ∂/∂z = 0 andBr = 0 and show that the force balance equation in cylindrical
coordinates (r, θ, z) takes the form
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2. θ pinch:

Assume a constant currentj0 in the z direction in a cylindrical coordinate system. Compute the
magnetic fieldBθ(r) and integrate the force balance equation to show that the pressure is given by
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with p (r = 0) = p0. Determine the critical radius for which the pressure decreases to 0. Apply the
stability criterion to this specific configuration and determine the radius range for which instability
occurs as a function ofp0.

3. Stability for the Harris sheet:

The energy principle for a displacementξ without considering surface terms is
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Determine the stability criterion for the Harris sheet equilibriumB = Bey = B0 tanh x
L
ey using

the energy principle for∂ξ/∂y = 0. (the perturbation on the boundary is 0)

Hint: Compute the terms∇·ξ,∇×(ξ ×B0),∇×(ξ ×B0) and by using the equilibrium condition
∇ (p + B2/2µ0) = 0 try to bring the potential into the form
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Stability is then obtained for the condition:a11a22−a2
12 > 0. Evaluate this condition for the Harris

sheet.

Please turn in the solutions to the homework on Wednesday, 11/22/2006


