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1. Antenna Directivity

* 2 2 2

2 2 2

1 1Re (| | | | )  (total radiated power)
2 2

| |, | |  (magnitude of the theta and phi components of the far-zone electric field)

sin  (solid angle)

1( , ) (| | | | )
2

r
S S

P d E E r d

E E

d d d

U E E r U

 

 

 



  

 


     

 

  

 E H S 

ave

  (power density per steradian)

  (average power density per steradian)
4

r

U

PU

 







 Derivation of the Directivity



3

ave ave ave

2 2 2 2

2

( , )( , )  (directional directivity)

,  (direcitivity of the theta and phi components)

1( , ) | ( , ) | (| | | | )
2

max[ ( , )]

| ( , ) |  (normalized pattern fact

m

m

UUUD D D
U U U

D D

U U F E E r

U U

F


 

 

 

  

   


 

 

    

  



2

2

2

or)

| ( , ) |

= | ( , ) |  (beam solid angle)

4( , ) | ( , ) |  (directional directivity)

4max[ ( , )]   (antenna's directivity or maximu directivity)

r m m A
S

A
S

A

A

P U F d U

F d

D F

D D

 

 

   

 

   

 




 









4

2 2 2

2 2 2

2 2 2

2

( , ) | ( , ) | | ( , ) | | ( , ) |

1| ( , ) | | |  (power density of the theta component)
2

1| ( , ) | | |  (power density of the phi component)
2

| ( , ) | | (

m m m

m

m

r m m
S S

U U F U F U F

U F E r

U F E r

P U F d U F

   

  

  

   

       

 


 


 

  





   2

2 2

2

, ) |

| ( , ) | | ( , ) |
( , ) 4  (antenna's directional directivity)

| ( , ) |( , ) 4   (directivity of the theta component)

| (
( , ) 4

m A m A

m m

m A m A

m

m A m A

m

d U U

U F U F
D

U U

U FD
U U

U F
D

   

   

   

 


   

 


 

   
  

 
  

  

    




  


  





2, ) |
  (directivity of the phi component)

m A m AU U   

 
  



5

 Directivity of a Circularly Polarized Antenna

- Replace Eθ, Eφ with ER and EL

- Use the same formulas.

 Directivity Units

D (dB) = 10 log10 D

D (dBi) : relative to an isotropic antenna

D (dBic) : relative to an isotropic circularly polarized antenna

D = 0 dBi : isotropic linearly polarized antenna

D = 0 dBic : isotropic circularly polarized antenna
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 Normalized Pattern Factor Examples

- Small dipole antenna & small loop antenna

- Half-wave Diopole Antenna (z-directed current)

- Dipole with a sinusoidal current distribution (z-directed current)

- Uniform line source (z-directed current)

- Uniformly excited and equally spaced linear array (on z-axis)

ˆ( , ) sin ; 1.5 1.8 dBiD    F θ

cos(0.5 cos ) ˆ( , ) ; 1.64 2.15 dBi
sin

D  


  F θ

cos[( / 2)cos ] cos( / 2) ˆ( , )
[1 cos( / 2)]sin

L L
L

   
 





F θ

sin[( / 2)cos ] ˆ( , ) sin
( / 2)cos

L
L
   

 
F θ

sin[( / 2)( cos )]( , ) ( , )  (  : element factor)
sin[( / 2)( cos )]

N d
N N d

     
  





F e e



7

- Uniform rectangular aperture (aperture on the xy-plane, electric field in y direction)

- Uniform rectangular aperture (aperture on the xy-plane, electric field in x direction)
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 Rectangular Aperture of Separable Aperture Distribution

- Directivity

- Beamwidth

22 ,

, : factor determined by aperture distribution shape

1, 0.933, 0.863, 0.801, 0.751, 0.709, 0.674, 0.641 for 

    SLR (sidelobe ratio) = 13.3, 20, 25, 30, 35, 40, 45, 5
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- Rectangular aperture with cosine and cosine squared distribution

0.810, 1.19, SLR = 23.0 dB (cosine distribution)
0.667, 1.44,  SLR = 31.7 dB (cosine-squared distribution)

c k
c k
 

 



10

 Directivity-beamwidth Product
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- Cosine-q pattern for antenna with y-directed current or y-directed E-field

qe and qh are determined by matching the pattern at -3dB or -10dB angle.

Directivity can be obtained in a closed form.

Rotationally symmetric pattern:

ˆ ˆ( , ) cos cos cos sine hq q      F θ φ

2. Antenna Patten Modeling
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3. Antenna Directivity Measurements

- Measure |Eθ (θ, φ)| and |Eφ (θ, φ)| for 0 ≤ θ ≤ π, 0 ≤ φ ≤ 2π.

- Find the directivity of AUT using the following relations.
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4. Antenna Gain
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in 0
11

in 0

in

0

 :  power transferred to antenna

:  power dissipated inside the antenna
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 : power input to antenna

:  antenna input impedance (ohm)
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5. Antenna Gain Measurements

 Two Identical Polarization-matched Antennas
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 Gain Tranfer Method
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 Three-Antenna Method

- Three antenna: a, b, c

- Three measurements: 3 unknows and 3 equations

a (Tx) - b (Rx)

b (Tx) - c (Rx)

c (Tx) - a (Rx)
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