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Superconductors: Advent of New Discoveries and Applications
The discovery of superconductivity and superconductors has once again provided a door to seemingly endless scientific applications and benefits. From the more practical widespread commercial uses such as generators easily powering whole cities, to more futuristic possibilities, like magnetically-levitated trains, superconductors have the possibility of influencing multiple areas of the world. Everyday, new progress and discoveries are being made in the scientific area of superconductors, and the race for finding the perfect superconductor with the highest critical temperature is at it height.
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Superconductors are materials which, once cooled down to a temperature specific to the material, called its critical temperature, have no electrical resistance. This means that the flow of electrons through it is uninterrupted. Because of this property, superconductors can carry large amounts of electrical currents for a longer period of time in comparison to other materials, without the loss of energy due to heat. Superconductivity was first observed in 1911 by Dutch physicist Heike Kamerlingh Onnes, when he cooled mercury to 4 degrees Kelvin, or 4 degrees above the theoretical absolute zero. Then, in 1933, another important observation was made by German researchers Walther Meissner and Robert Ochsenfeld; superconductors repel magnet fields. This phenomenon is known as strong diamagnetism, or the “Meissner effect”.
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The “Meissner effect” can best be described through the difference between a superconductor and a conductor being used in an electrical generator. An electrical generator consists of two basic components, a stator (stationary part) and a rotor (moving part), either being a conducting metal or the magnet. Which every rotation, the magnet affects the electrons in the conductor by the changing magnetic fields which generate an electrical current, which is then transferred. However, unlike the conductors used in electrical generators, superconductors repel the magnetic field by inducing a current which exactly mirror and repel the magnetic field, instead of allowing the magnetic field to penetrate the conductor. This repulsion is so strong that it can actually levitate a magnet over the superconductor. The “Meissner effect” has lead to new ideas and inventions such as the Maglev train.
The Maglev train is a high speed train which uses magnets to glide and “levitate” over a track, eliminating friction and is more energy efficient. The first idea for such a train was proposed by Emile Bachelet, and used alternating currents and conductors. However, the first practical proposal for a maglev train came in 1966, as the use of superconductors made it an appealing and realistic idea. Using the repulsion created by the superconductors and the magnets, the train “levitates” as long as the train moves at a speed faster than it take-off speed. Because of this, only the stretches of track where the train would be accelerating and decelerating would vary, by either supporting auxiliary wheels used by the train at low speed, or by locally powering the guideway. A maglev train is surprisingly resilient against forces, such as cross winds, vertical and horizontal external forces, and even the centrifugal forces experienced during curves. The magnetic field would compensate if a train was moved horizontally, while the levitating forces (due to the repulsion between the superconductors and magnets) compensated for any vertical shifts.
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In the near future, if maglev trains are built throughout the world, they will play a positive role in transforming the world from what it is today. Not only can these trains carry more passengers and goods at a faster rate in comparison to the traditional modes of transportation, but also at a lower cost while using less energy. With the use of superconductors in the design, it becomes energy efficient as only a small amount of energy is used to power the refrigerator needed to keep the superconductors at it critical temperatures. This electricity can come from various sources besides fossil fuels, such as hydro, fusion, wind, or solar power plants. Because no oil is being burning, the use of maglev trains instead of fuel-powered cars will reduce the world’s carbon footprint, because maglev trains emit no pollution. In addition to all of these benefits, maglev trains will have a longer lifespan, because of the lack of mechanical contact between the train and guideways. But what is perhaps the best pro of maglev is that the maglev design can apply not only to trains, but also to other vehicles and processes. It can also be applied to cars, efficiently moving water over vast distances, and even space traveling.
In 1957, American physicists John Bardeen, Leon Cooper, and John Schrieffer published their Theories of Superconductivity, which became the first widely-accepted theory of superconductivity. Known as the BCS theory, it explained superconductivity at low temperatures for certain alloys and elements. However, it is constantly being questioned and adapted, as the BCS theory does not adequately explain superconductivity of different materials at higher temperatures. The next major breakthrough with superconductors came in 1962, when Brian Josephson’s prediction about superconductors was confirmed. Josephson theorized that an electrical current would still flow between two superconducting materials, even if they were separated by another material. This occurrence is also known as the “Josephson effect” and played a major role in the development of new electronic devices, the most famous known is know as the SQUID, or superconducting quantum interference device.
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One current modern application of superconductors is in the field of biomagnetism. An MRI, or magnetic resonance imaging, uses superconductor magnets to explore the human body by producing a magnetic field. Hydrogen atoms in the body then absorb the energy produced by the magnetic field and then release it at a unique frequency, which a computer can then interpret and display. However the SQUID can detect even weaker changes in magnetic fields in comparison to the strong magnetic fields produced during an MRI, making it even possible to observe the workings of the brain.

Although the idea of a carbon-based superconductor had first been proposed in 1964, the first synthetic carbon-based superconductor was made by Danish researcher Klaus Bechgaard, and the successful creation of it alluded to the possibility of creating “designer” molecules, or molecules that were “fashioned to perform in a predictable way” (History of Superconductors par. 6). Then in 1986, the field of superconductivity exploded after researchers Alex Muller and Georg Bednorz revealed their discovery: ceramics, although normally known to be insulators, were actually superconductors. Not only was this surprising, but what was also surprising was that the ceramic compound created by Muller and Bednorz had a very high critical temperature of 30 degrees Kelvin in comparison to the previously identified superconductors. Since then, new records have been made and broken as scientists create new high temperature superconductors, testing not only various combinations of materials, but also various pressures at their affect of the produced high temperature superconductors.
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The high temperature superconductors have already been implemented into new designs that will have a very pivotal impact on the future. Perhaps the best example of a recent implementation of high temperature superconductors is the 36.5 Megawatt Superconductor Ship Propulsion Motor. In 2006, American Superconductor and the United States Navy’s Naval Seas Systems Command (NAVSEA) signed a contract “for the design and optimization of high temperature superconductor (HTS) ship propulsion motors and power electronic drives” (MarineLink par. 1). It is the most powerful motor ever tested by the U.S. Navy, exceeding the Navy’s power rating test record at 36.5 megawatts, or 49,000 horsepower. In addition to this, its size and weight were reduced by more than 50% in comparison to the traditional copper-based propulsion motors (1/2 the size and 1/3 the weight).
Some of the HTS (High Temperature Superconductors) rotating machine technology is also being applied to other parts of the energy resources industry, which will reduce the cost of generated energy (in particular wind-generated electricity) and will be more efficient than the current copper-based systems. In addition to this adaption to renewable energy resources, is the creation and implementation of HTS generators. These generators, working on the same principles as the common electric generators, increase machine efficiency more than 99%, reducing energy losses due to heat as well as pollution produced per unit of energy produced. Economically, HTS generators also offered reduced installation, life-cycle, and capital cost while enhancing grid stability.
Other possible applications of superconductors currently being researched include using superconductors to “increase the speed and processing power of computers…superconducting X-Ray detectors, light detectors, digital routers, electric storage capability….” (Physics Planet par 15). Because the various applications of superconductors can involve many different areas, such as science, medical, environmental, transportation, and energy, it is natural that it can also involve many different engineering disciplines. Besides the most obvious element of electrical engineering, the application of superconductors can also involve mechanical engineering, civil engineering, transportation engineering, and environmental engineering.
Electrical engineering plays a pivotal role in the field of superconductors, because the most important use of the superconductor is to induce currents and transform energy, and subsequently creating electricity. HTS generators still operate on the same principles as an electrical generator. These generators transform mechanical energy into electricity. Because of this, generators also involve mechanical engineering, in order to optimize the mechanical energy created by rotational movement in order to get the most electricity. In the case of using maglev systems for transportation, mechanical and electrical engineering also play an important role in the design process. The repulsion of the magnetic field is electrical, while the actual movement and cooling system needed to keep the temperature at a constant low temperature is mechanical engineering.
Civil engineering and transportation engineering also come into play when considering the application of superconductors to the maglev trains. Civil engineers must design and build the guideways and actual trains in order for the train to travel safe and stable. Things such as natural forces must be considered when building a maglev train designed to safely transport millions of people across long distances. Designs must withhold extreme wind, rain, and earthquakes.
Superconductors have the ability to effect the earth’s environment in a major way. HTS generators emit little pollution, and environmental engineers can help to optimize this even further by reducing the pollution caused by the energy produced before it is transformed into electricity. Also, environmental engineers can design a water transport system using maglev in order to transport water to drought-ridden areas or to cities with little natural water access.
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