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Main points of L1:  Principal elements of communications links 
• Wireless communications are ubiquitous: point-to-point, broadcast, passive sensors 
• Receivers need Eb [J/bit] > ~4×10-20; received power Prec ≥ MbpsEb [W] 
• Absent attenuation, total power radiated PR = ∫4π Pr(θ,φ,r)r2sinθ dθ dφ [W] 
• Antenna gain over isotropic G(θ,φ) = Pr(θ,φ,r)[Wm-2]/(PR/4πr2), r is range 
• Received power Prec = antenna effective area Ae(θ,φ)[m2]×intensity Pr(θ,φ,r)[Wm-2] 
• In general, Ae(θ,φ) = G(θ,φ)λ2/4π  [for reciprocal media, not magnetized ferrites] 
• With these equations we can design wireless links (choosing Gt, A, PR for given r, M) 
• Antennas have Thevenin equivalents with radiation resistance Rr = PR/<i2> 
• Maximum received power = <(VTh(t)/2)2>/Rr when Rload = Rr 
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