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“The	primary	objec>ve	is	to	map	the	distribu>on	of	liquid	and	solid	
water	in	the	upper	por>ons	of	the	crust	of	Mars.”	[Picardi	et	al.,	2004]	



Recall: Interaction of light with materials 

Absorp>ve	materials	have	a	complex	dielectric	constant	
	

	 	 	 	 	εr	=	ε’	–	iε”	
	

	 	 	 	 					=	ε’(1	–	itanϑ)	for	loss	tangent	tanϑ	
	
	

	 	 	This,	in	turn,	makes	n	=	√(εr)	complex	…	

rela>ve	electric	permiRvity	εr	=	ε/ε0	
	

a.k.a.	dielectric	constant	



Martian polar caps  
 

Mostly* H2O, seasonal CO2 cover 



Picardi	et	al.	(2005)	

MARSIS view: north polar layered deposits 



MRO’s Shallow Radar (SHARAD) 



Polar Caps: Radar & Interior Structure 

Putzig et al. 2008 LPSC XXIX 

Southern Cap 

Milkovich et al. 2008 LPSC XXIX 

Northern Cap 

Data from MRO SHARAD. 



Mars:	ground	(ice)-penetra>ng	radar	



Hvidberg	et	al.	(2012)	

Can	compare	RADAR	view	to	visible	images,	
climate	history	models	



Mapping mid-
latitude ice 



Goldstone	(70	m)	

Green	Bank	(100	m)	

Ground-based planetary radar facilities 

•  Arecibo	(305	m),	Goldstone	are	the	only	two	that	transmit	
•  Margot	et	al.	(2007)	inferred	Mercury	has	molten	core	



Radar Delay-Doppler Mapping of Asteroids 



“Contact	Binary”	Asteroid	2005	CR37	



Triple 
Asteroid! 



Mars radar images (GoldstoneàVLA), 
3.5 cm 

λ	values	are	(erroneous)	longitudes	(should	each	be	mul>plied	by	10)	

Muhleman	et	al.	(1991)	

“STEALTH”	



Radar “stealth”: very low density, meters thick 

Muhleman	et	al.	(1991)	



Radar “stealth” zone, west of Tharsis volcanoes 

Muhleman	et	al.	(1991)	



“Stealth” also visible in passive microwave data 

Ivanov	et	al.	(1998)	





LIDAR:	Mars	Orbiter	Laser	Al>meter	













LOLA	results	



Planetary lidar: siblings of MOLA, LOLA 

MESSENGER’s	Mercury	
Laser	Al>meter	(MLA)	

Refrac>ve	op>cs	chosen	instead	of	
the	usual	reflec>ve,	to	withstand	
Mercury’s	thermal	environment	

Cavenaugh	et	al.	(2007)	



MESSENGER’s	Mercury	Laser	Al>meter	(MLA)	
Measures	topography,	1064	nm	reflecPvity	within	<800	km	of	surface	



MESSENGER’s	Mercury	Laser	Al>meter	(MLA)	

Topography	
from	~55	to	90°	N	


