	Constants:
	
	
	
	
	
	
	
	
	
	
	

	 
	
	
	
	
	
	
	
	
	
	
	

	Pt
	1
	
	
	
	
	
	
	
	
	
	

	Pr
	-115
	  (dBm)
	
	
	ht
	40
	
	
	
	
	

	Pr (lin)
	3.16E-15
	  (W)
	
	
	hr
	2
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Friis equation:
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Gains
	
	
	
	
	
	
	

	
	
	
	
	Isotropric
	Dipole
	Patch
	
	
	
	
	

	f
	lambda
	
	
	1
	1.64
	5.01
	
	
	
	
	

	915000000
	0.33
	     d = 
	
	464
	761
	2325
	  (km)
	
	
	
	

	1900000000
	0.16
	     d = 
	
	223
	366
	1120
	  (km)
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	Note that distance goes down with frequency -- assuming a fixed gain.
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	2-ray approximate
	 
	 
	 
	 
	 
	
	
	
	
	

	
	
	d (km)
	
	
	
	
	
	
	
	
	

	915000000
	0.33
	2
	  Pr (dBm) =
	##
	##
	##
	
	Yellow highlighted ones achieve -115 dBm

	1900000000
	0.16
	2
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	915000000
	0.33
	20
	  Pr (dBm) =
	##
	##
	##
	
	Boxed ones differ from "exact" model

	1900000000
	0.16
	20
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	915000000
	0.33
	50
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	1900000000
	0.16
	50
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	915000000
	0.33
	100
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	1900000000
	0.16
	100
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	2-ray exact
	 
	 
	 
	 
	 
	 
	
	
	
	
	

	915000000
	0.33
	2
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	1900000000
	0.16
	2
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	915000000
	0.33
	20
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	1900000000
	0.16
	20
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	915000000
	0.33
	50
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	1900000000
	0.16
	50
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	915000000
	0.33
	100
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	

	1900000000
	0.16
	100
	  Pr (dBm) =
	##
	##
	##
	
	
	
	
	


