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Investigated configuration 

• Elements: N +1, identical, mutually         
translationally shifted, pulsed                          
electric-current excited elements 
 

• Medium:     ,    , 
 

• Excitation: 
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Dirac delta pulse excitation 

Electric current 
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Radiated field 

• Radiated field         electric current potential 

 

 

• Scalar wave equation 
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Green's function 

•From Maxwell’s equations 
 
 
 

where 
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TD far-field radiation characteristics 

• TD far-field expression 

 

 

 
 

•                              are interrelated by 
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Beam shaping and beam steering 

• Excitation: time-shifted versions of the “0” pulse             

                         , with     the relevant time delays 

 

 

 

 

 

 
 

• Constructive interference occurs if 
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Area density of radiated energy 

 

 

 

 

 

 

 

• For the examined case: 
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Area density of 
radiated energy 

Poynting theorem 
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Numerical examples 

• Examined quantity: 

 

 

• Electric current pulse         : 
normalised  power-exponential 
pulse 

 

 

• Radiator: rhombic antenna 
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analytic! 
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Numerical examples: single radiator 

• Shape: ‘doughnut’ – characteristic for dipoles 
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Numerical examples: ×8 linear array 

along     , broadside beam scan    

• Spacing:  
 

• Observations: beam narrowing, no side-lobes 
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Numerical examples: ×8 linear array 

along     , broadside beam scan    

• Spacing:  
 

• Observations: further beam narrowing, smooth side-
lobes, no grating lobes  
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Numerical examples: ×8 linear array 

along     , broadside beam scan    

• Spacing:  
 

• Observations: further beam narrowing, smooth side-
lobes, still no grating lobes!  
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Numerical examples: ×8 linear array 

along     , broadside beam scan    

• Spacing:  
 

• Observations: further beam narrowing, smooth side-
lobes, and still no grating lobes!!!  
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Numerical examples: ×8 linear array 

along     , broadside beam scan    

TD radiation properties of array antennas 

• Placement:                      ,   
 

• Observations: similar radiation pattern 
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Numerical examples: ×8 linear array 

along     , broadside beam scan    

• Placement:                      ,   
 

• Observations: much smoother side-lobes            
constant                side-lobes level (theoretical for CDS)   
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-9dB 
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Numerical examples: ×8 linear array 

along     , 60º beam scan 
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• Spacing:  
 

• Observations: accurate beam steering, smooth side-
lobes, no grating lobes  



16 

Conclusions 

• A complete TD, far-field radiation formalism 

• A meaningful TD “radiation pattern” quantity 

 
 

• Illustrative numerical experiments: 

‒beam narrowing (like FD arrays) 

‒beam steering (like FD arrays) 

‒smooth side-lobes region (unlike FD arrays) 

‒no grating lobes (unlike FD arrays)  
 

• Future work: monocycle excitation, fidelity analysis 
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Thank you 


