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Basic Radar 



Basic	Concepts	
•  Antennas	transform	guided	electromagne)c	waves	(e.g.	in	

transmission	lines)	to	freely	propaga)ng	waves	and	vice	
versa	

•  Antennas	also	direct	the	energy	of	the	propaga)ng	waves	
•  Properly	designed	antennas	transform	impedances	

between	transmission	lines	(typically	50Ω	or	75Ω)	and	free	
space	(Z0=μ0c0≃377Ω)	

•  Polariza)on	of	the	propaga)ng	waves	are	specified/
controlled	

•  Orbital	Angular	Momentum	of	propaga)ng	waves	may	be	
of	interest	

•  Basic	rela)onship,	Aeff	=	λ2G/4π,	so	antenna	gain	and	
effec)ve	aperture	reflect	the	same	thing	

•  Antenna	calcula)ons	typically	start	with	a	current	
element…	



Hertzian Dipole 



Hertzian Dipole (2) 





Chris)aan	Huygens	

Traitė	de	la	Lumiere	(Trea)se	
on	Light)	completed	in	1678,	
published	in	Leyden	in	1690	



Dish	Antennas	

h_ps://heinselslug.smugmug.com/Professional/Incoherent-Sca_er-Radars/	
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What is a Phased Array? 
 - A phased array is a group of antennas whose effective (summed) radiation pattern can 
be altered by phasing the signals of the individual elements.  

 - By varying the phasing of the different elements, the radiation pattern can be modified 
to be maximized / suppressed in given directions, within limits determined by 

(a) the radiation pattern of the elements, 
(b) the size of the array, and 
(c) the configuration of the array.









Element	spacing:	λ/4	



Element	spacing:	λ/2	



Element	spacing:	λ	







Grating Lobes 

Element Spacing 0.50λ Element Spacing 0.67λ



Phased	Array,	λ/2	spacing	



Phased	Array,	λ/2	spacing	



Phased	Array,	2λ/3	spacing	









Tx/Rx Beam Pattern Control 

 - Determine which meteors in 
the narrow beam are coming 
from sidelobes (~15 %)
 - Increase number of large 
cross-section meteor 
detections

Narrow Beam
Amplitude and Phase Changes 
for beam broadening

Just phase changes With AEU data

Chau et al., [2009]



Method of Moments 
(mutual coupling) 



Method	of	Moments	(NEC)	
Significant	errors	are	introduced	if	mutual	coupling	contribu)ons	are	neglected.	
Standard	MoM	code	scales	poorly,	making	it	imprac)cal	to	model	a	full	array.	
Great	research	project	for	engineering-minded	student:	develop	sparse	MoM	
code	for	an	en)re	array!	



Interferometry	

v17	

T. Grydeland, 2004

NEIAL	Interferometry	
ESR	



What are the Measurement Improvements  

•  Inertia-less antenna pointing
– Pulse-to-pulse beam 

positioning
– Supports great flexibility in 

spatial sampling
– Helps remove spatial/temporal 

ambiguities
– Eliminates need for 

predetermined integration (dish 
antenna dwell time)

– Opens possibilities for in-beam 
imaging through interferometry
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Altitude / Time 
Cross Section

Latitude / Altitude 
Cross Section

Latitude / Longitude 
Cross Section

Three-Dimensional Visualization

PFISR: Images of the Aurora in 4-Dimensions (3-D images v. time) 
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Get ready for more fun! 

© NIPR 


