
 

A new way of making, using and understanding optics 

David A. B. Miller 

Ginzton Laboratory, Stanford University, 348 Via Pueblo Mall, Stanford CA 94305, USA dabm@stanford.edu 
https://ee.stanford.edu/~dabm/  

The classical optics of lenses and mirrors can do many things, but their functionality and adaptability is limited. Now, a 
combination of complex meshes of interferometers in integrated platforms like silicon photonic with photodetectors and 
simple feedback loops allows sophisticated photonic systems to configure and stabilize themselves without calibration, 
and they can be directly, progressively and adaptively trained to perform arbitrary linear functions. Such systems are 
particularly useful for working with multimode light fields. They enable new ways of communicating, sensing and 
processing with optics. We introduce and explain key architectures, algorithms, and applications. This approach is also 
compatible with a new modal theoretical description for optics that easily enables us to go beyond the classical ideas of 
lenses and mirrors into a new world of arbitrary optics, and reveals new fundamental results in classical and quantum 
optics, including deeper understanding of diffraction limits, new thermal radiation laws, and broader and generalized 
derivations of basic quantum behavior of light. 

The optics of lenses and mirrors that we have used for 100’s of years is very useful, but it is easy to 
show that there are many legal linear operations it cannot perform. Until recently, it was not clear 
how to move much beyond this. However, we now understand that quite arbitrary linear operations 
can be performed using meshes of interferometers [1]. Such meshes would have been impractical in 
the past, but now we can make them, for example with silicon photonics [2], and, importantly we 
know how to design and control them [1,2]. Some of the algorithms even allow the interferometers 
to configure themselves with simple feedback loops and no calculations. Such meshes can make self-
aligning beam couplers; automatically separate overlapped light beams; remove aberrations; find the 
best channels through scattering systems; generate arbitrary light beams and analyze the phases and 
amplitudes of multimode signals; and they can perform arbitrary linear operations efficiently, such 
as the equivalent of multiplying by any matrix. Such matrix operations allow new classical 
processing, such as neural network multiplications, and quantum circuits. They also allow us to work 
effectively with multiple mode light fields, and may enable new ways of sensing with light. In parallel 
with these developments, a new theory of optics, based on describing any linear optical system in 
terms of modes, has been developing [3]. This approach can also be practically demonstrated with 
the interferometer mesh optics. This theoretical approach finds the very best description of optical 
systems in terms of modes. This is practically useful for finding the best communications channels, 
for example, but it also fundamentally explains diffraction and diffraction limits as well as giving 
fundamental results such as a simpler Einstein “A&B” coefficient argument, a new way of quantizing 
the radiation field in arbitrary volumes, and new radiation laws for thermal emission and absorption. 
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