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How does the brain create abstract ideas? This has intrigued us for many
years, with renewed interest due to the resurgence of Al. While there are
plenty of theories and experiments that address this, including the Nobel
Prize of 2014 about the "GPS system of the brain", experimentally validated
biophysical theories are lacking. Hence, we investigate how neurons create
universal, abstract concepts of 3D space, time, distance, angle and causality
from 2D stimuli on the walls and the retina. We develop minimal
biophysical theories with only a handful of parameters to have strong
predictive power. We test these theories by measuring activities of many
neurons at unprecedented resolution while rats navigate the real world and
virtual reality and then sleep and dream. This approach has provided
surprising insights that rewrite textbook ideas of how neurons compute and
point to exciting opportunities in the Neurophysics of abstraction.
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