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General Properties of Ideal MHD

• Introduction

- Short description of the three most common classes of 

boundary conditions

- Conservation of mass, momentum, and energy, both locally

and globally despite the significant number of approximations

made in ideal MHD

- Consequence of the perfect conductivity assumption
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General Properties of Ideal MHD

• Boundary Conditions

• Perfectly conducting wall:

tangential electric field and normal magnetic field vanish 

on the conducting wall
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General Properties of Ideal MHD

• Boundary Conditions

• Insulating vacuum region:

assume that the equations can be solved in each region

Surface current density
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General Properties of Ideal MHD

• Boundary Conditions

• Plasma surrounded by external coils:

difficult but realistic situation where the plasma is confined by the 

magnetic fields created by a fixed set of external conductors

applied field by coils and 
induced field due to the plasma
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General Properties of Ideal MHD

• Boundary Conditions

• Plasma surrounded by external coils:

difficult but realistic situation where the plasma is confined by the 

magnetic fields created by a fixed set of external conductors
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General Properties of Ideal MHD

• Local Conservation Relations

• Since a considerable number of assumptions were made in the 

derivation of the MHD equations it is important to investigate 

whether the resulting model still satisfies the basic conservation laws.
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General Properties of Ideal MHD

• Local Conservation Relations
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General Properties of Ideal MHD

• Local Conservation Relations
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General Properties of Ideal MHD

• Global Conservation Laws

Obtained by integrating the local conservation laws over the volumes 

appropriate to each of the three sets of boundary conditions.

• Perfectly conducting wall
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General Properties of Ideal MHD

• Global Conservation Laws

• Insulating vacuum region 

- More complicated since the plasma is allowed to move. 

- The combined plasma-vacuum energy is conserved.
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General Properties of Ideal MHD

• Global Conservation Laws
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General Properties of Ideal MHD

• Global Conservation Laws
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- When an ideal MHD plasma is isolated from a conducting wall
by a vacuum region, the combined energy of the plasma-vacuum
system is conserved.

- The fact that only the total is conserved indicates that, 
in general, energy will flow from one region to the other 
as the plasma moves.
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General Properties of Ideal MHD

• Global Conservation Laws

• Plasma surrounded by external coils:

- The energy of the system is no longer conserved. 

- With external sources present, energy can be supplied to or 

extracted from the system.
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General Properties of Ideal MHD

• Conservation of Flux: “Frozen” Field Line Picture

- A consequence of the perfect conductivity Ohm’s law, is that 

the magnetic flux passing through any arbitrary open surface area 

moving with the plasma is constant.

- Flux is conserved locally as well as globally.
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General Properties of Ideal MHD

• Conservation of Flux: “Frozen” Field Line Picture

- The total flux in an ideal MHD plasma is conserved.

- Magnetic lines move with the plasma; they are “frozen” into the fluid.

- Any allowable physical motion of the plasma requires that 

neighboring fluid elements remain adjacent to one another; 

fluid elements are not allowed to tear or break into separate pieces.

- Since the magnetic lines move with the plasma, the field line 

topology must thus be preserved during any physically allowable

MHD motion.
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