Bringing Power to the People – The Coming Age of Superconductivity

Abstract:  Superconductivity, that mystical property of many metals to transport electricity without loss when cooled near absolute zero, ranks certainly within the “top ten” scientific achievements of 20th Century physics, alongside such other accomplishments as semiconductor devices and lasers.  The seeds of its discovery and subsequent development have borne societal fruit in the form of extremely powerful electromagnets, ultrasensitive detectors of weak magnetic fields, and record-fast digital computer switches.  Perhaps best known to the general public is the central role of superconducting coils in MRI, Magnetic Resonance Imaging (MRI), today the central diagnostic tool in many branches of medicine.  The ability of superconducting junction devices (“SQUIDS” – superconducting quantum interference devices) to measure extremely small magnetic fields is now enabling other medical diagnostic techniques such as the detection of magnetic activity within the heart and brain and their correlation with disease.

However, until the mid-1980s, the necessity for a complex and expensive refrigeration infrastructure remained a “definite downer,” standing in the way of extending the promis of superconductivity more broadly, especially to electric power and compact electronic devices.  In 1986, materials were discovered which were superconducting at temperatures reachable by cooling in liquid air, a common and widely used industrial agent.  These new materials, the so-called “layered copper oxide perovskites,” are ceramics, not ductile metals, and a decade of intensive research has been devoted to processing them into practical wire and tapes.  This work has now progressed sufficiently to allow construction and testing of prototype power cables, transformers, motors and generators.  In parallel to these efforts, enormous advances have been achieved in thin film fabrication of these ceramics into passive superconducting rf filters which promise to greatly accelerate the global deployment of personal cellular communication technology.  Moreover, the advent of high temperature superconductivity has resulted in a renaissance of the field of low temperature superconductivity leading to exciting advances in tools to study the frontiers of many fields of science – powerful magnets to increase the power of those microscopes of the universe called hadron colliders, a broad range of medical magnetotomography techniques applied to non-invasive diagnosis of human pathologies – and to enable applications such as maglev transportation and petaflop computation.  

In this talk, we’ll give the audience a brief “Superconductivity 101” introduction to its history and basic physics, and provide a hitchhiker’s guide on the highway to these emerging applications arising with the dawn of the new century.

