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The term “atomtronics” evokes a useful metaphor of electronics in which atom chemical potential and 
flux substitute for electric potential and current. It brings to mind a picture in which atom-mediated 
signals are generated, manipulated, and detected, in much the same spirit as electron-mediated signals 
are with electronics [1,2].  In contrast to the electrons of conventional electronics, though,  the atoms of 
atomtronics are ultracold and their quantum wave nature is purposefully  brought into the foreground.  
Thus interest in atomtronics is for its potential as a general approach to quantum signal processing 
which parallels that of electronics for classical signal processing. Quantum signal processing should be 
seen as distinct from quantum information processing, as the former is concerned with the generation, 
manipulation, and detection of physical entities without regard for the information content of the signal 
per se. Essentially  the opposite is true for quantum information processing, for which the focus is on 
the information without regard for its physical embodiment per se.  An example that highlights the 
distinction is the process of Bose-Einstein Condensation (BEC) through forced evaporation.  It is easy 
to cast  BEC as a signal processing task in which a (nearly) pure quantum mechanical state is derived 
from a highly  mixed state.  No one seems to be inclined to refer to BEC as an information processing 
task, yet generally speaking pure state extraction from a mixed state is a very  important information 
processing function.

Still, quantum signal and information processing are closely related, and our interest here is to 
understand better how to do very practical quantum signal processing in the atomtronics framework 
utilizing atom chips. Conventional electronics is more than a technology, it is a problem solving 
paradigm and a very  powerful one at that. Electronic circuit functionality is derived from a very few 
physical and heuristic principles.  Among the potent  heuristic principles are gain, feedback, and 
interconnectivity.  The utility  of the vast majority of non-trivial circuits is a manifestation of these and a 
few other principles used over, and over, and over again. There is a heuristic concept that is so taken for 
granted in electronics, it is hardly given a second thought: it is the concept of a battery, properly 
speaking, a power supply, which provides both particles and energy  to maintain the functionality of 
essentially  every useful electronic circuit.  Indeed, every nontrivial electronic circuit is a system in non-
thermal equilibrium, and it  is the battery which keeps things that way. Treating the battery  as an open 
quantum system, and utilizing atom transistor gain and feedback we illustrate how atomtronic concepts 
can be utilized to prepare some useful quantum states.  We also present some more speculative systems 
for carrying out quantum signal processing tasks, such as a pure state extraction from a mixed state 
beyond the specific case of BEC.
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