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Prepared by Dr. Abbou Fouad Mohammed, Multimedia University



Overview lecture -



Antenna Categories



-



Mathematical model of a Hertzian Dipole



-



Short wire antenna design parameters (part I)



Prepared by Dr. Abbou Fouad Mohammed, Multimedia University



2



Antenna Categories Analytical point of view



Wire Antennas



Equivalence



Aperture Antennas



Theorem



Basic Antennas



Dipole and Loop



-



Composite Antennas



-



Arrays



-



Micro Strip Antenna, patch on substrate.



-



Reflectors (corner, parab.) 3
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Basic Structures Dual Structure



b) Circular Loop -



Equivalence to Dipole



-



Pattern as Dipole, just E and H interchanged



Structure



Complementary



a) Dipole -



Coordinate system



-



Dipole patterns (very short, half-wave, one wave, 1.5 wave)



c) Slot -



Equivalence to Dipole



-



Pattern as Dipole, just E and H interchanged
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Aperture Structures a) Slot Antenna b) Horn Antenna (efficient at microwaves) c) Reflector Antennas d) Micro Strip Antenna (patch on substrate)
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Wire Structures a) Dipole b) Loop Antenna c) Helix Antenna (circular polarization) d) Frequency Independent Antenna (high bandwidth) e) Uda-Yagi Antenna (directional antenna) f) Linear Antenna Array
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In 1886, he has demonstrated the first wireless EM wave system. ( a λ /2-dipole , radiating at about 8-λ λ)



Heinrich Rudolph Hertz
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Mathematical Model of Hertzian Dipole r … (radial) distance -



Coordinate system



θθ … Elevation z



ϕϕ … Azimuth θθ



Tr. Line



r y



Load



ϕϕ x



-



Electric and Magnetic Field Vector H r



Prepared by Dr. Abbou Fouad Mohammed, Multimedia University



E



8



Impact of current along a small wire -current



constant?



-



coordinate system?



-



distance r = r’?



r … (radial) distance θθ … Elevation z



Current along z of



ϕϕ … Azimuth



a wire length Ä∆L



θθ



∆L



r y



ϕϕ



x



A( r ) =



µ J ( r )e − jβ r ⋅ dV' 4 π ∫∫∫ r V' 9
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A( r ) =



µ J ( r )e − jβ r ⋅ dV' 4 π ∫∫∫ r V' I m = ∫∫ J ⋅ ds



| r |= r



A'



A( r ) =



 µ − jkr  e ∫  ∫∫ J ⋅ ds  dz' 4 πr ∆ L s 



A (r, t ) =
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dV' = ds ⋅ dz'



µ r I m ∆ L e j ( ωt − β r ) z 4π r 10



The components of A are:



Aö = 0 A r = A z cos θ Aθ = −A z sin θ ∂ =0 ∂φ



Aθ Az



θ



Ar
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A (r , t ) =



B = µ H = ∇ × A (r ) =
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µ r I m ∆ Le j( ωt −βr ) z 4π r 1  ∂  (A φ ⋅ sin θ ) − ∂ A θ  ⋅ rr + r sin θ  ∂θ ∂φ   1 ∂ A r 1 ∂ (rA φ )  r +  −  ⋅ θ + r sin θ ∂ φ r ∂ r   1  ∂ (rA θ ) ∂ A r  r +  −  ⋅ϕ r  ∂r ∂θ 
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The polar components of the magnitude field “ H ” follow as:



H θ = µ1 (∇ × A)θ = 0 H r = µ1 (∇ × A) r = 0



[



∂ ∂r



+ r12



]



H ϕ = µ1 (∇ × A )ϕ = 1r



[



( Aθr −



∂A r ∂θ



)



]



(− A z r sin θ) − ∂θ∂ ( A z cos θ)]



=



1 ∂ r ∂r



=



Im ∆l sin( θ )e j ( ωt −βr ) 4π



[



jβ r
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Calculations of the components of E , can be done by using Maxwell’s equation:



E=



∇× H jωε



I ∆l cos(θ) e j(ωt −βr )  η 1  Er = m  + 2π 2 jωεr3   r Eϕ = 0 I ∆lsin( θ)e j(ωt−βr )  jωµ η  Eθ = m + 1   r + 4π r2 jωεr3  



η=



µ β = ε ωε
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Intrinsic impedance (120π ≈ 377ohm for free space) 14



The field of the short dipole has only three components I ∆lcos(θ)e j(ωt −βr )  η 1  Er = m +  2π 2 jωεr3   r I ∆lsin( θ)e j(ωt−βr )  jωµ η 1  Eθ = m + +  r 4π r2 jωεr3  



Hϕ =



I m ∆l sin( θ )e j ( ωt −β r ) 4π



[



jβ r



+



1 r2



]
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Power Density S (Poynting Vector) 1  Poynting Pave ,r = Re {S} = Re  E × H *  2 



Averaged Power Density



Vector S



Example:



Short wire antenna (Dipole)



 r 1 Re {S} = Re  E r 2 0  Prepared by Dr. Abbou Fouad Mohammed, Multimedia University



θ Eθ 0



ϕ   0  H*ϕ 



Re {S} =



I 2  ∆l  sin 2 θ η  8  λ  r2 2
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Total Radiated Power Prad dPrad = Re {S }⋅ ds



Average power through area ds:



dPrad = Re {S }⋅ (r 2 sin θ ⋅ d θ ⋅ dφ ) Total average power P radiated is: 2π π



Prad =



∫ ∫ Re {S}⋅ (r



2



)



sin θ ⋅ d θ ⋅ d φ



0 0



Example:



Short wire antenna (Dipole)



2π π



Prad =



∫∫ 0 0



I m2 8



 ∆l  η  sin 3 θ ⋅ dθ ⋅ d φ  λ  2



Prad



πη 2  ∆l  = Im   3  λ 



2
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If the radiation from the short wire antenna is expressed in terms of the field strength E, The far field radiation is called the “Field Strength Pattern” . Its magnitude given by:



Eθ = 60 πrIλ ∆l sin θ m



Horizontal plane



Prepared by Dr. Abbou Fouad Mohammed, Multimedia University



Vertical plane
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The pattern factor of a short dipole antenna is then :



F(θ) = sin θ The factor F(θ) Represents the relative pattern radiation as a function of θ.



The normalized field patterns of a short dipole
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Induction (Near) Field and Radiation (Far) field Case I:



Case II:



Near Field Approximation



Far Field Approximation



β ⋅ r >> 1



β ⋅ r 
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