
Fisica	della	Materia	allo	
Stato	Fluido	e	di	Plasma	

5.	MHD	



Magnetic	Pressure	&	Tension	

•  The	JxB	term	can	be	manipulated	using	the	following	the	vector	identity	[12]	on	
the	formulary	showing	that	

					
					where		
	
•  With	this	result	the	Lorentz	force	can	be	written	as	the	sum	of	two	different	

contributions	corresponding,	respectively	to	“magnetic	pressure”	and	“magnetic	
tension”:	

Pressure	 Tension	



Magnetic	Pressure	&	Tension	(Bellan,	Ch	9.5,	page	271)	



Magnetic	Pressure	&	Tension	(Bellan,	Ch	9.5,	page	271)	



Examples	

•  Consider	B	=	(0,0,B0sin(kx))	
					à	this	field	has	only	pressure		

•  Consider	B	=	(B0x,	B0psin(kx),	B0pcos(kx)):	
				à	this	has	only	tension	



Example:	the	MHD	Blast	Wave	Problem	
•  A	highly	pressurized	region	in	a	uniform	

medium,	threaded	by	a	uniform	
constant	magnetic	field,	parallel	to	the	
X-axis.	

•  The	relative	strength	between	thermal	
and	magnetic	pressure	is	given	by	the	
plasma	beta	parameter,		

•  For	large	values	of	β	(β	>>	1),	à		fluid	dominated	by	hydrodynamics	effects	
(magnetic	field	has	a	negligible	role);	

•  For	small	values	of	β	(β	<<	1),	à		fluid	dominated	by	magnetic	effects;	



Example:	a	Blast	Wave	

The	code	and	the	visualization	scripts	for	this	simulation	(PLUTO/Test_Probblems/Educational/
MHD_Blast/)	can	be	downloaded	from	the	webpage.		

Large	plasma	beta	



Example:	a	Blast	Wave	

The	code	and	the	visualization	scripts	for	this	simulation	(PLUTO/Test_Probblems/Educational/
MHD_Blast/)	can	be	downloaded	from	the	webpage.		

Small	plasma	beta	



Flux	Freezing	(ideal	MHD)	
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S2	

S3	



Diffusion	Equation	(http://math.utsa.edu/~gokhman/ftp//courses/notes/heat.pdf		

In	the	limit	S	>>	1	(large	resistivity),	the	induction	equation	reduces	to	the	diffusion	equation	
which,	for	constant	η	reads	
	
	
This	is	a	linear	equation	in	the	sense	that	if	B1(x)	and	B2(x)	are	solution	of	the	previous	
equation,	than	any	linear	combination	of	these	two	is	also	a	solution.	For	this	reason,	we	can	
write	the	general	solution	using	Fourier	decomposition	and	thus	set		
	
	
where	Bk(t)	is	the	amplitude	of	the	k-th	mode	and	can	be	found	by	inserting	this	result	in	the	
original	equation,	



Diffusion	Equation	(http://math.utsa.edu/~gokhman/ftp//courses/notes/heat.pdf		



Diffusion	Equation	(http://math.utsa.edu/~gokhman/ftp//courses/notes/heat.pdf		



Diffusion	Equation	(http://www.maths.bris.ac.uk/~macpd/apde2/chap4.pdf)	



Fourier	Transform	(http://www.maths.bris.ac.uk/~macpd/apde2/chap4.pdf)		

•  Definition	

•  Example	1:	Gaussian	

•  Delta	function:		


