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The	magnetosphere	is	
threaded	by	magne2c	fields,	

which	very	quickly	and	
efficiently	transfer	

informa2on	along	the	length	
of	the	field	lines		

The aurora allows us to ‘see’ the 
magnetosphere and observe geospace 

processes 



Decoding the Aurora 
What can the properties of the aurora tell us about the 

magnetosphere, the geospace system, and space weather? 

•  Ionospheric	effects		
•  Light	
•  Electron	Density	

• Mo2on	
• Electrical	Proper2es	
• Morphology	



The color of the aurora tells us about the type 
and energy of the precipitating particles that 
cause it. 



Auroral color tells us about the energy of 
the precipitating particles producing the 

light 



Magnetospheric Origin of Auroral 
Particles 

Loss	Cone	

‘Isotropic	Distribu2on’	
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Auroral electrons (to first approximation) are 
characterized by a Maxwell-Boltzmann 

distribution 

where	ΦE	is	the	total	energy	flux	and		
kT	is	the	temperature	and		
E	is	the	mean	energy	(=	2*kT)		
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Auroral Energy Deposition 



Examples of altitude distributions of energy 
deposition for Maxwellian energy 
distributions. 



Ionospheric Conductivity Profiles 
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Two-Parameter Specification of Aurorally-
Related Properties 

• Magnetospheric:		electron	number	density	and	temperature	
•  Ionospheric:		total	electron	density	and	height	of	the	E-region	peak	
•  Thermospheric:		integrated	light	emission	and	ra2o	of	two	emissions	
with	different	al2tude	dependences	

• Auroral:		Average	energy	and	flux	of	electron	precipita2on	
•  Electrodynamic:		Hall	and	Pedersen	conductance	



Secondary	Electrons	 Accelerated	Maxwellian	

Accelerated	Maxwellian		
with	secondaries	

Maxwellian	with	
high	energy	tail	



Deconvolving electron density profiles to 
determine the spectra of energetic 
particles 

Measured	
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The NSF Incoherent Scatter Radar Chain-2006 
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The NSF Incoherent Scatter Radar Chain-2007 
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Magnetospheric	Densi2es	and	Temperature	Derived	from		
Incoherent	Radar	Measurements	of	Electron	Density	Profiles	



Auroral Motions 

• Apparent	mo2on	due	to	Earth	rota2on	
• Apparent	mo2on	due	to	changing	
magne2c	fields	

• Apparent	mo2on	due	to	dynamics	of	
auroral	par2cles	



Apparent motion  
due to  

Earth rotation 





Motion due to changing magnetic fields 
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Auroral Breakup 



Motion due to dynamics of auroral 
particles 



Auroral Electrical Properties 	
	

Ohm’s	Law:		  ! = !"	
	

In	the	ionosphere:		 ! = Σ	Ε	
	

where	Σ	is	the	tensor,	height-integrated	conductivity.	
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Electric	fields,	conduc2vi2es,	and	currents	are	needed		
for	a	complete	specifica2on	of	auroral	electrodynamics	



Electric fields and convection 



Techniques for measuring electric fields, 
conductivities and currents 

•  Electric	fields:		Satellites	and	
ground-based	radars	

• Conduc2vi2es:		Observa2ons	of	
op2cal	emissions	or	electron	
densi2es	

• Currents:		Ground-based	
magnetometers	



Birkeland (Field-Aligned) Currents 



AMPERE	Measurements	of	
Field-Aligned	Currents	Large-scale	Birkeland	Currents	

in	the	High	La?tude	Ionosphere	



A solution based on field-aligned currents 
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From	current	continuity:	
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Conductances	

Field-Aligned	Currents	

Electrosta2c	Poten2al	

Calcula?on	of	Electric	Fields,Horizontal	Currents	and	Joule	
Heat	from	Field-Aligned	Currents	and	Conduc?vi?es	

Horizontal	Currents	Joule	Heat	



The Importance of Auroral Conductances 

• Give	informa2on	about	the	energy	flux	and	average	energy	of	
precipita2ng	electrons	

• Can	be	combined	with	field-aligned	currents	to	determine	electric	
fields	and	convec2on	

• Are	used	with	electric	fields	to	calculate	currents	and	Joule	hea2ng	
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Auroral morphology and how it relates to the 
magnetosphere 





Observing the structure of the magnetotail from 
Earth 





Summary 

•  Studying	the	aurora	provides	quan2ta2ve	informa2on	about:	
•  The	type	and	energy	distribu2on	of	the	precipita2ng	par2cles	
•  The	density	and	temperature	of	the	magnetospheric	plasma	associated	with	
the	auroral	par2cle	precipita2on	

•  The	spa2al	and	temporal	proper2es	of	magnetospheric	domains	to	which	the	
aurora	is	magne2cally	connected	

•  The	changes	in	the	magnetospheric	magne2c	fields	resul2ng	from	
magnetosphere-solar	wind	coupling	

•  The	convec2ve	mo2on	of	magnetospheric	plasma	
•  Resis2ve	hea2ng	of	the	ionosphere	and	thermosphere	


