
We show in microwave measurements and computer simulations that an individual 
mode can be preferentially excited by illuminating the sample with the wavefront 
corresponding to the singular vector of the transmission matrix of the mode. The 
selectivity can be further improved in pulse excitation by an exponentially rising pulse 
with a rise time equal to the decay rate of the mode and with a carrier frequency of the 
central frequency of the mode. We found that it is not possible to distinguish two 
spectrally overlapping modes with similar speckle patterns in excitation. The ability to 
excite individual modes provides some degree of control of energy deposition and 
absorption in disordered materials, which can be exploited to lower the threshold of 
lasing action in active random media. 
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It should be possible in principle to provide a full description of wave propagation in disordered 

systems  in terms of either quasi‐normal modes, which are solutions of the wave equation, or 

transmission  eigenchannels, which  are  the  singular  vectors  of  the  transmission matrix.  The 

close connection between these approaches  is  indicated  in the equality for diffusive waves of 

the Thouless number,  , which gives the average degree of spectral overlap of modes, and the 

average  of  the  transmittance,  ,  known  as  the  dimensionless  conductance,  .  Each  of 

these approaches can explain properties ordinarily associated with the other. We will show that 

the  spectrum  of  transmission  eigenchannels  yields  the  density  of  states  (DOS), which  is  the 

count of the modes of the medium. The DOS can be determined from the central frequencies 

and  linewidths  of  each  of  the modes, which  are  obtained  from  the  decomposition  of  field 

spectra into its modal components. It can also be found from the sum of the derivatives of the 

phases  of  the  transmission  eigenchannels.  We  will  also  show  that  the  modal  makeup  of 

transmission eigenchannels can explain the broad range of transmission eigenvalues and their 

spectral  correlation.  This  leads  to  an  approach  for maximally  and  selectively  exciting modes 

within a medium. 

 

 

 

 

 

 

 

 

 


