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Radio Wave Propagation Terminology Free space (propagation medium) u Electromagnetic waves u Transmitting and receiving antenna u



Prepared by Dr. Abbou Fouad Mohammed, Multimedia University,



2



Transverse Electromagnetic Waves
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The waves propagate as transverse electromagnetic waves (TEM) - i.e. the electric field, the magnetic field, and the direction of travel of the waves are all mutually perpendicular. 3
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Speed & Wavelength of em Waves u



The speed of propagation (ν) and the wavelength (λ) of an electromagnetic wave are given, respectively, by:



v=



c v and λ = f ∈r



where c = 3x108 m/s, ∈ r



=



medium’s relative permittivity



or dielectric constant, and f = frequency of wave in Hz.
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Characteristic Impedance u



u



The characteristic impedance of a medium is the ratio of the electric field intensity and the magnetic field intensity, i.e., η = E/H. For free space, η = 120π = 377 Ω. For other media: (η η is also called, the intrinsic impedance)



η=



µ 377 or ∈ ∈r



where µ = medium’s permeability, in H/m and ∈ = m e d i u m ’s permittivity in F/m
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Electromagnetic spectrum



Radio waves, infrared, visible light, ultraviolet, X rays, and gamma rays are all different forms of electromagnetic radiation.
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Relation between power density and transmitted power u u



Let P t be the transmitted power into free space. The power density at any point at distance R is SR =



Pt 4πR 2



Watts / m 2
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Example 1: u



The power density from a point source in free space at 20 km is 200 micro-watts/m 2. Find the power density at 25 km away from the source
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Relation between power density and electric field u u



u



For an uniform plan wave the E and H are related by: η = E R/HR ER is the rms value of the electric field The average poynting vector at distance R from the transmitter



SR = Hence



ER =



Pt E 2R E 2R = E xH = = R R 4πR 2 η 120π 30Pt R



Volts / m 9
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The Effective Isotropic Radiated Power Since a transmitting antenna focuses energy in a specific way, it has “gain” over an isotropic radiator in a particular direction. One can speak of the effective isotropic radiated power:



EIRP = G t Pt



where Pt = total transmitter power, and G t = gain of transmitter antenna If a transmitting antenna has a gain Gt , then
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Transmission between two antennas



11
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Friis transmission formula u



The average power density at the receiving antenna is



Sr = G t Whereby u



Pt ξDP ξAP = t t 2t = t 2 t 2 t 2 4 πR 4 πR λR Dt =



4π λ2



At



Has been used



The power intercepted by the receiving antenna with effective area A r is



Pint = S r A r =
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Friis transmission formula u



The receiving power Pr delivered to the receiver is



ξA PA  λ  Pr = ξ r t 2t t2 r = G t G r Pt   λR  4πR 



2



Or



 λ  Pr = G t G r Pt    4πR 



2



Friis transmission formula 13
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Path Loss u



As the signal propagates there will be loss due to the spreading of the wave outward from the source Pr =



G t G r Pt  4 πR     λ 



2



P  4πR  1 = t    λ  G t G r Pr 2



hence P  c  4 πdf  Path Loss = 10 Log  t  = 10 log  − G t (dBi ) − G r(dBi ) ; R = d and λ = f  c   Pr  2



Or Path Loss = Pt ( dB) − Pr (dB) = 33 .44 + 20 log( d km ) + 20 log( f MHz ) − G t ( dBi) − G r ( dBi) Prepared by Dr. Abbou Fouad Mohammed, Multimedia University,
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Example 2: In a satellite communication system, the free-space conditions may be assumed. The satellite is at a height of 36,000 km above the earth, the frequency used is 4000 MHz, the transmitting antenna gain is 15 dB, and the receiving antenna gain is 45 dB. Calculate (a) the free space transmission loss (b) the received power when the transmitted power is 200W.
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Radio Propagation Mechanisms: Effects of environment During the propagation of electromagnetic waves the waves experience: Different environmental characteristics: land, sea, space, etc.



Reflection u Refraction u Diffraction u Interference u
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Reflection Radio waves behave like light waves: u These are reflected by a surface where the angle of incidence, θi = the angle of reflection, θr. Incident Ray



Normal θi



θr



Reflected Ray Conductor



The reflection coefficient is defined as:. ρ = E reflected



E incident



ρ is unity for a perfect conductor and will be less than 1 in case of practical situations 17
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Refraction u



Radio waves will be bend or refracted when they travel from one medium with refractive index, n 1 to another with refractive index, n 2. The angles involved are given by :



n1



θi



n1 
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