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Introduction !
to the !

RF Spectrum!
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Electromagnetic Spectrum 

http://www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html 



http://www.popularmechanics.com/technology/how-to/tips/how-to-fight-rf-
interference-with-your-gadgets 



Imagine	a	World	w/o	RF	
•  Airport	implica,ons	in	naviga,on	
•  Solar	storms	not	predicted		
–  (Energy	grid	disrup,on)	

•  No	GPS	
•  EESS	no	data	on	hurricane	tracks,		
– No	El	Niño	forecast		

•  No	cellphones!	Satellite	TV,	Wi-Fi	internet,	
AM	and	FM	radio,	broadcast	TV	,	satellite	TV	



El	Niño/	La	Niña		
hKps://sealevel.jpl.nasa.gov/	



Some	Applica,ons		

•  Agriculture	
•  Fire-prone	mapping	
•  Iceberg	naviga,on	maps	
•  Oil	spill	monitoring	
•  Renewable	energy	management	
•  Vacuum	cleaners	
•  Baby	monitors	



RF	Spectrum	defini8on		
•  It’s	the	range	of	frequencies	of	em	waves		

														Between	3kHz-3THz	



How	do	we	choose	f	?	
Many	factors:	like	antenna	size,	available	
technology,	cost,..	but	mainly:		
•  Atmospheric	aKenua,on		
•  Physical	proper,es	of	EM	waves	vary	with	
frequency	
– Resonant	molecules,	
– Sensi,vity	to	Earth	parameters,	



Atmospheric	A>enua8on	

Due	to	resonance	with	several	molecules	



Atmospheric	Transmissivity	

In	general,	aKenua,on	increases	as	frequency	increases	.		
Price	also	increases	but	antenna	size	is	smaller.	



Atmospheric	A>enua8on	(Rain)	

Effect	of	weather	condi,ons	on	atmospheric	aKenua,on	
Many	other	factors	affect	the	propaga,on	of	em	waves:	diffrac,on,	scaKering…		



Astronomical	Spectral	Lines	and	
Con,nuum		 Doppler	Shi]	

Needed	to	study	quasars,	black	holes,	CMB	
(Big	Bang),	dark	maKer,	planets…	

Sensitivity

ΔT = 1
τ ⋅BW

in some cases 
we can increase 
integration time, τ
or increase the 
bandwidth



How	do	we	choose	f	?	
Depends	on	what	we	are	observing	



Sensi8vity	of	f	
•  The	physical	parameters	we	want	to	
measure,	need	to	use	specific	frequency,	
ex.	Salinity,	water,	…	



Passive	surviving	in	an	Ac8ve		
world	

Ac,ve		
•  Tx	&	Rx	

Passive-		
•  only	Rx	

	



RFI	
Passive 

Active 



NASA	SMAP	

•  Launched	Jan	2015	
•  Less	than	2	month	of	

data	
•  Unable	to	‘see’	due	to	

RFI	
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Most	vulnerable	to	RFI	

The	Na,onal	Radio	Astronomy	Observatory	(NRAO)	in	Green	Bank,	West	Virginia,	operates	the	
world	astronomical	telescope	opera,ng	from	cen,meter	to	millimeter	wavelengths.				
	
The	Observatory	has	an	ac,ve	engineering	research	and	development	program	ranging	in	areas	
from	digital,	mechanical,	structural,	computa,onal,	and	so]ware	engineering.		

NSF	funded	facility	

Frequency	of	Opera,on	
0.1	-	116	GHz	.	



Most	vulnerable	to	RFI	

ALMA	(Atacama	Large	Millimeter	/	submillimeter	Array	)	is	the	largest	radio	telescope	in	the	
world.	It	was	officially	put	into	opera,on	on	13	March	2013	scien,fic	observa,ons	take	place,	
however	since	October	2011.	In	June	2014	was	erected	the	last	of	66	planned	antennas.	They	are	
used	as	interferometer	for	millimeter-wave	and	submillimeter	used.	Measures	noise-like	signals	
from	galaxies	far	away…	

Up	to	720GHz	
in	Chile.	

NSF	funded	facility	



		Arecibo	Observatory	
	
Frequencies-	
13.36MHz-10.6GHz	
	
	
Rx	Sensi,vity=	
-250	dBW/m2/Hz	

NSF	funded	facility	



Occurrence	of	RFI	versus	frequency	by	month	
for	Arecibo	

	

hKp://www.naic.edu/~phil/rfi/rms.html	

Jan-Sept	2014	



Did	you	know	that	MOU	-Coordina8on	

Objects	under	Study	
(e.g.		Pulsars,	
sunspots,	galaxy)	
…far, far Away	


Ac,ve	
sensor	Tx	
(radar)	

Passive	sensor	Rx	
(Radiometer)	
Arecibo	Observatory	



PR	Map	

	

Radar	surveillance	
for	drug	traffic	sea	
vessels	
	
	

22	o	
22	o	



		Arecibo	Observatory	

hKp://www.naic.edu/~rfiuser/rfi_id.htm	

Photo:	Israel	Cabrera	



hKp://www.fcc.gov/encyclopedia/weather-
radar-interference-enforcement	

You	can	get	
$25,000	fine	
from	FCC	if	you	
are	using	an	
illegal	
frequency.	
	
Click	to	see	
examples	
	





Source:	Dr.	Fred	German,			
																		Ansys,	Inc.	



Cellphones	
FDMA 
 
 
 
TDMA 
 
 
 
CDMA 
 
 
WCDMA 
TD-
SCDMA 
… 
 
 



What’s	RFI?	



QUESTIONS?	
Thank	you!	


