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ABSTRACT:  For any wireless application, one has to transmit and receive broadband 
signals. The objective of this presentation is to illustrate that a new paradigm is necessary 
if we need to deal with transmission and reception of broadband signals. The classic 
paradigm for the narrowband case has been that the transmit radiation pattern of an 
antenna is identical to the radiation pattern of the same antenna in the receive mode. This 
is based on the principle of reciprocity in the frequency domain. All the analysis and 
measurements have been carried out in various scientific endeavors are based on this 
philosophy. However, for the broadband case these classic paradigms are of no use as in 
the time domain an antenna pattern has no sense. In the time domain the spatial antenna 
pattern has no nulls. In addition, near field and far field need to be characterized in the 
appropriate fashion. So for the broadband case, one needs to talk about the impulse 
response of antennas. It will be shown that the transmit impulse response of any antenna 
is the time derivative of the receive impulse response even though the impulse response is 
a function of the azimuth and elevation angles. It is important to note that reciprocity in 
the time domain is much more complex than reciprocity in the frequency domain as it is 
now a convolution rather than a simple product. The important point here is not that the 
principle of reciprocity is different in the time domain than in the frequency domain but 
that their mathematical forms are quite different. Hence, we need to introduce new 
definitions for characterizing antenna sin the time domain particularly to deal with 
broadband signals. This will definitely have a significant effect on what type of signal to 
use. This presentation will illustrate how to make good use of the antenna characteristics 
so as to focus electromagnetic energy in space and time using simple antenna structures. 
Through these new concepts it is possible to focus the energy to a predefined receiver a 
priori without knowing the exact electromagnetic environment in which they are 
operating. Examples will be presented to illustrate these phenomena. 


