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Prima	di	cominciare…	

•  Requisiti	
–  Fisica	I,	Elettromagnetismo,	termodinamica	
–  Calcolo	differenziale	con	funzioni	di	più	variabili	
–  Nozioni	di:		fluido	dinamica,	relatività	(speciale)	

•  Approssimazioni	

•  Applicazioni:	
–  Astrofisica	(stelle,	dischi	di	accrescimento,	getti,	ISM,	…)	
–  Fusione	nucleare	

•  Modalità	d’esame	
–  Orale	



Letture	Consigliate	

•  Libro	di	Testo:	
–  Chiuderi	&	Velli		
				“Fisica	del	Plasma	–	Fondamenti	e	Applicazioni	Astrofisiche”,	Springer.	

						Complementi:	
–  Diapositive	(Power	Point	&	PDF)	

•  Fisica	dei	Fluidi:	
–  L.D.	Landau,	E.M.Lifshitz,	“Fluid	Mechanics”	,	Pergamon	Press	

•  Fisica	dei	Plasmi	
–  T.	Boyd,	J.Sanderson		"Plasma	Dynamics"	Nelson	&	Sons	

–  R	Goldston,	P	Rutherford	“Plasma	Physics”,Taylor	&	Francis	NY	

–  Goedbloed,	Keppens,	Poedts,	“Advanced	Magnetohydrodynamics”	Cambridge	

–  Sturrock,	“Plasma	Physics:	An	Introduction”	Cambridge	



Operatori	Differenziali	

•  Gradient:				

•  Divergence:	

•  Curl:																																			



Alcune	Identità	Vettoriali	

à	NRL	Plasma	Formulary	



Aumentando	la	temperatura	
							10°K																								273°K																					373°K																					3000°K																																			

Stati	di	aggregazione	della	materia	



Stati	di	aggregazione	della	materia	

Aumentando	la	temperatura	
							10°K																								273°K																					373°K																					3000°K																																			



Examples	of	Plasmas	



A	note	on	the	system	of	units	

•  The	system	adopted	here	is	CGS-Gauss.	CGS	systems	avoid	
introducing	new	base	units	and	instead	derives	all	electric	and	
magnetic	units	directly	from	the	centimeter,	gram,	and	second	
based	on	the	physical	laws	that	relate	electromagnetic	phenomena	
to	mechanics.		

•  The	unit	is	therefore:	

•  Statcoulomb	(Fr)	=	gr^(1/2)	*	cm^(3/2)	*	s^(-1)	

•  	In	the	CGS	system,	the	electron	charge	is	
							e	=		4.80320425e−10	statcoulombs	(Fr)	
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1.	Introduzione	



Libero	Cammino	Medio		

•  Modello	“cilindro”	
•  					:	sezione	d’urto	
•  			:	velocità	media	
•  												:		densità	di	particelle	

•  Volume	del	cilindro:	

•  Libero	cammino	medio:	lunghezza	del	cilindro/numero	di	collisioni:	

•  Frequenza:		



Grado	di	ionizzazione	

•  E’	sufficiente	un	piccolo	grado	di	ionizzazione	per	avere	alta	
conducibilità	elettrica:	



Saha	Equation	



Saha	Equation	



Debye	Shielding	[Bellan,	Chap	1,	page	8]	



Debye	Shielding	[Bellan,	Chap	1,	assignment	4,	page	24]	

•  Start	from	Poisson	equation:	
							
	
						where		
	
•  Use	Taylor	expansion	to	get	

•  Where	the	Debye	length	is	defined	as	



Debye	Shielding	[Bellan,	Chap	1,	assignment	4,	page	24]	

•  Solve	for	a	point	charge,						
							
							where	we	have	used	the	fact	that:	
•  We	seek	for	a	solution	in	the	form	Φ(r)	=	Φq(r)	f(r)	in	the	original	equation:	

•  Subtracting	the	two	equations	gives		

•  Substitute	the	solution	for	Φq(r):	

•  The	final	solution	is		
					



Debye	Shielding	[Bellan,	Chap	1,	page	9]	



Debye	Shielding	[Bellan,	Chap	1,	page	9]	



Debye	Shielding	[Chen	end	of	Sec.	1.4]	



Confronto	di	parametri	per	plasmi		



Plasma	Frequency	[Goedbloed	&	Poedts,	section	2.3.2]	

•  In	plasma	oscillations	(also	called	Langmuir	waves	1929)	heavy	ions	may	be	considered	as	
a	fixed	(ui	=	0)	background	in	which	only	the	light	electrons	move	(ue	≠	0).		

•  Perturb	a	small	region	by	displacing	the	electrons	ne	=	n0	+	n’e	(	n’e	<<	n0).		
•  An	electric	field	E		proportional	to	n’e	is	created.		
•  This	small	electric	field	creates	a	small	electron	flow	velocity	v	,	which	is	also	proportional	

to	n’e.	
•  The	equation	of	motion	and	electric	field	will	be	

•  Particle	conservation	(continuity)	demands	

•  Linearization	is	appropriate:		terms	involving	products	of	perturbations	are	neglected	
since	they	are	small	compared	to	linear	terms:	



Plasma	Frequency	[Goedbloed	&	Poedts,	section	2.3.2]	

•  Taking	the	divergence	of	the	equation	of	motion	

•  Using	the	continuity	equation	gives:	

	
•  Harmonic	oscillator	with	frequency		

•  è	Plasma	Frequency	ç	



Summary	

•  Electric	conducibility:	

•  Debye	length	

•  Plasma	frequency																															àel:		



Collisions	[Bellan,	Sect.	1.9,	pag	14]	



Collisions	[Bellan,	pag	15]	

Energy	Exchange	

Momentum	Exchange	



Collisions	[Bellan,	pag	15]	


