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Radiation pattern description
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Radiation Pattern Lobes Intensity Main Lobe HPBW Side Lobe Back Lobe π



FNBW π/2



π/2



π



Angle



HPBW = Half Power Beamwidth FNBW = First Null Beamwidth 3
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Power Density S



Averaged Power Density



P ave , r



=



(Poynting Vector)



{ } = Re



Re S



1  2



E



 Poynting ×H *  Vector S



Short wire antenna (Dipole)



Example:



 r 1 Re {S } = Re  E r 2 0 



θ Eθ 0



ϕ   0  H *ϕ  



∆l sin 2 θ Re {S } = η  8  λ  r2 I2



2
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Isotropic Radiator An isotropic antenna is defined as a radiator which radiates uniformly in all directions. It is also called isotropic source or omnidirectional antenna. It is considered as a reference antenna



Example: Its total radiated power



Prad



= Pave 4 πr 2 [Watts ]



T h e p o w e r d e n s i t y P ave o n t h e w a v e f r o n t i n Watts per square meter is



Pave =
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Prad 4 πr 2



[Watts / m 2 ] 6



Total Radiated Power P r a d dP rad = Re {S }⋅ ds



A v e r a g e p o w e r t h r o u g h a r e a d s:



(



dP rad = Re {S }⋅ r 2 sin θ ⋅ d θ ⋅ d φ



)



Total average power P radiated is: ππ



∫ ∫ Re {S }⋅ (r



2



Prad =



2



)



sin θ ⋅ d θ ⋅ d φ



0 0



Example:



2



Prad =



Short wire antenna (Dipole)



ππ



∫∫ 0 0



 ∆l  η  sin 3 θ ⋅ d θ ⋅ d φ 8  λ  2



2



Im



Prad



πη



 ∆l  = Im   3  λ 



2



2
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Radiation Resistance R r R a d i a t i o n R e s i s t a n c e Rr i s d e f i n e d a s … “… the value of a hypothetical resistor which dissipates a power equal to the power radiated by the antenna when f e d b y t h e s a m e c u r r e n t I.”



Prad =



1 2



2



Im



Rr ⇒ Rr =



2 P rad Im



2



Short wire antenna (Dipole) Example: R



r



=



2 πη 3



 ∆l   ∆l  2 ∆l    = 80 π   = 789    λ   λ   λ 2
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Total angle of a Circle T o t a l a n g l e i n a c i r c l e : 2π T h e a n g l e 2 π s u b t e n d s a l e n g t h o f 2π r



r



θ



θ r: arc length
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Solid angle T h e e l e m e n t a r e a ds :



r sin θ d φ



ds = r sin θ ⋅ d θ ⋅ d φ = r d Ω 2



2



rd θ Area d s



W h e r e dΩ i s t h e s o l i d a n g l e



r The total area of the sphere:



dθ



2π π



s=



∫∫r



2



sin



θd θd φ = 4 π r 2



0 0



The total solid angle



Ω=



2ππ



∫ ∫ sin



Ω



s u b t e n d s t h e t o t a l a r e a s = 4 π r2 i s g i v e n b y



θ d θ d φ = 4 π (rad



)



2



= 4 π steradians



= 4 π st



0 0
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Radiation Intensity U Since the Radiation Intensity U is independent of the distance of observations but only depends on antenna parameters, it can be taken to describe the Radiation Pattern of an Antenna



11
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Radiation Intensity U Radiation Intensity U is defined as … … p o w e r Prad p e r u n i t s o l i d a n g l e



Ω.



It is independent of distance! dP dP



U ≡



dΩ



Ω Example:



=



rad



= P ave



r



r dΩ



P ave



rad



= P ave



dP



rad



=U



U



=



dP



dP rad



rad



dP



ds 2



sin(



θ) d θd ϕ



2



dΩ



⇒



U



= P ave



r



2



rad



dΩ



Short wire antenna (Dipole)



U



=



η 8
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Radiation intensity of an Isotropic Radiator Review: An Isotropic Radiator is defined as … “… a radiator which radiates the same amount of power in all directions.” It is a purely h y p o t h e t i c a l radiator !!!!



R a d i a t i o n I n t e n s i t y Ui



Ui =



P rad 4π 13



Prepared by Dr. A b b o u F o u a d Mohammed, Multimedia University



Directive Gain g The Directive Gain g is defined as … “… the ratio of the radiation intensity U in a certain direction of the antenna to that of an isotropic radiator U i radiating the same amount of power.” It is a function of direction!!! g ( θ, ϕ)



Example:



=



U ( θ , ϕ) Ui



= 4π



U ( θ , ϕ) P rad



Short wire antenna (Dipole)



g (θ ) = 1 . 5 ⋅ sin Prepared by Dr. A b b o u F o u a d Mohammed, Multimedia University



2



θ 14



Directivity D The Directivity D is defined as … “ … t h e r a t i o o f t h e radiation intensity U in a certain



direction to that of an isotropic radiator U i radiating the s a m e a m o u n t o f p o w e r . ” I t i s not a function of direction!!! U ( θ, ϕ )



D ( θ, ϕ) = Example:



Ui



Short wire antenna (Dipole)



D



= 1.5 15
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Radiation Efficiency



The Radiation Efficiency



η is defined as …



… t h e r a t i o o f t h e r a d i a t e d p o w e r P r a d to the total power accepted by the antenna.



η=



Example:



Prad Prad



+ PLoss



Short wire antenna (Dipole)
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Rr R r + R loss 16



Power Gain G The Power Gain G is defined as … “… the ratio of the radiation intensity U of the antenna to that of an isotropic radiator U i r a d i a t i n g a n a m o u n t o f power equal to the power accepted by the antenna.”



G =



G max = 4 π



U U i , input



= 4π



U Pinput



U max



η=



Pinput



G g



=



G max D 17
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A n t e n n a I m p e d a n c e ZA The Antenna Impedance Z A is defined as … … the ratio of the voltage at the feeding point V(0) of the antenna to the resulting current flowing in the antenna I .



ZA =



V (0 ) I Antenna



Resistance



ZA =



V ( 0) I (0 )



= R A + jX



A
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Equivalent Circuit ZL



Loss within Antenna



RL



XL



R Loss RA



V



ZA XA



Z



A



=



V (0 ) I (0 )



= R A + jX



A



Reactance



Resistance Tells us how much power is



Tells us how much power is



radiated.



reflected. Or how much I and V are out of phase. 19
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Antenna I=



V



=



ZL + ZA



conjugate



Matching V



(R



r



+ R Loss + R L ) + j(X A + X L )



M a x i m u m P o w e r Pmax is delivered for conjugate matching:



If



R Loss = 0



Rr = RL



and



XA



= −X L



P o w e r P rad d e l i v e r e d t o a n t e n n a f o r r a d i a t i o n i s g i v e n b y :



Prad =



1 2



I ⋅R r = 2
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Effective Area A e The Effective Area Ae … … characterizes the antenna’s ability to absorb the incident power density and to deliver it to the load. (Receiving Antenna!)



Ae =



Pload Pave



=



P rec P ave



Or



(A ) e



max



= 8 RV P 2



r



ave



The higher the delivered power with respect to the incident power density, the higher the effective area. 21
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Physical aperture A p The physical aperture is related to the actual physical size (or cross-section) of the antenna and is denoted by A p



Ap = Ae Using



D=



4π



λ2



Ae
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by no losses



A p = D max



λ2 4π 22



Effective Length h e for a receiving antenna The Effective Length he … … Characterizes the antenna’s ability to transform the intercepted electric field E into a voltage at the feeding point V. (Receiving Antenna!)



he =



V Or



E



he = 2



R



r



( A e )max 377



The more voltage is induced with less electric field strength, the bigger the effective length of the antenna.
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Effective Length for a transmitting antenna z P zo r'



he =



è’ r



dz è L



1 I(0 )



l/2



∫ I(z ) d z



−l / 2



y yo



x



Prepared by Dr. A b b o u F o u a d Mohammed, Multimedia University



24



Reciprocity theorem If a current I 1 , a t t h e t e r m i n a l s o f a n t e n n a n o . 1 induces an emf E 21 at the open terminals of antenna no.2 and a current I 2 a t t h e t e r m i n a l s o f a n t e n n a n o . 2 induces an emf E 12 at the open terminals of antenna n o . 1 , t h e n E 1 2 = E 2 1 provided I 1 = I 2 .



Thus according to the statement of reciprocity theorem



E 12 = E 21



I1 = I 2
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Transmission between two antennas Antenna



Radio wave



Antenna



Receiver



Transmitter



Pave =



U ave r



2



=



Pave = 4 πr



Pt 4 πr



2



Prec = Pt



G t Pt 2



Prec = Pave Aer =



G t Pt A er 4 πr



A et A er r 2 λ2



Friis transmission formula



2
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The power delivered to the terminating impedance is



PD



= pqP



The polarization efficiency



The impedance mismatch



0≤p≤1



If p = 1



r



0≤q≤1



R e c e i v i n g A n t e n n a i s c o -p o l a r i z e d , Else



p



Using



c r o s s- p o l a r i z e d



=



E E



i



i



•h 2



2



h



Ae



2



= eˆ i • hˆ



= ηap A



q



=



PD



(P D )max



2



p
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