· Define ‘superconductivity’. Describe the conditions necessary for superconductivity to occur.

Superconductivity is a phenomenon observed in several metals and ceramic materials. When these materials are cooled to temperatures ranging from near absolute zero (0 degrees Kelvin, -273 degrees Celsius) to liquid nitrogen temperatures (77 K, -196 C), they lose all electrical resistance. The temperature at which electrical resistance is zero is called the critical temperature (Tc) and varies with the individual material. For practical purposes, critical temperatures are achieved by cooling materials with either liquid helium or liquid nitrogen.
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Figure 1 - A graph of resistivity (ρ) vs. temperature (T)
· Compare the model for the conduction of electricity in metals at room temperature with the model of electricity in superconductors below critical temperature.
When a potential difference is applied to a metal at room temperature (72° F, or 22° C), an electric field will be established. This will cause current to flow from the movement of electrons. The metal is made up of many atoms which are constantly vibrating due to thermal energy. Because of these vibrations, the electrons collide with the atoms while they flow through the wire, hence creating resistance.
After a superconductor that has been cooled below its critical temperature (Tc), the atoms of the substance stop vibrating all together (or to a negligible degree) because of lack of thermal energy since all/most heat has been removed. Although this would mean that even the electrons had no energy to move. This was explained by the BCS theory as proposed by John Bardeen, Leon Cooper and John Schrieffer. BCS theory, it is said that electrons ‘paired up’ in Cooper pairs. As one electron moved between a stationary lattice, the positive nuclei are attracted towards the electron, thereby distorting the lattice in a ripple inwards toward the electron.
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Figure 2 - Lattice of positive nuclei attracted to electron to form a 'ripple'
As the electron moves further though, the nuclei move back partially, releasing energy known as a phonon. This energy is received by a second electron (moving in the opposite direction to the first), which is attracted by the positive nuclei in the ripple of the lattice, thereby giving it energy to overcome the repulsion force between it and the other electron, and follow behind it as a pair. 
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Figure 3 - Second electron attracted to 'ripple' in lattice, receiving energy from phonons
This pairing of electrons is known as a ‘Cooper pair’.
· Explain the Meissner effect, and show how this led to applications of magnetic levitation.

The magnetic field inside a superconductor is always zero. When a magnetic field is applied to a superconducting material below Tc, the material produces a current to oppose the magnetic field, effectively cancelling the applied magnetic field inside the superconductor. This effect is called the Meissner effect.
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Figure 4 - A permanent magnet hovering above a superconductor due to the Meissner effect

When a magnet is positioned above a superconductor, the superconductor will generate the currents to oppose the magnetic field, and these currents will create magnetic poles which cause repulsion between the magnet and the superconductor. This will effectively cause the magnet to levitate above the superconductor.
This phenomenon of magnetic levitation has led to applications such as the maglev train, where the train is levitating off the ground. This was achieved both though use of superconductors (in Japan), and electromagnets (in Germany).

· Discuss two possible applications of superconductivity.
Power transmission
Since superconductors can be used to transport electricity without loss of power, they would be advantageous as a replacement for conventional power lines. The fact that superconductors have zero resistance gives them a great advantage over conventional wires which lose lots of power though dissipated heat energy. This would effectively reduce the cost of power, and reduce the need for additional power stations.
Disadvantages would be that the transmission ‘lines’ would have to be maintained at low temperatures, making them less flexible and less economically feasible.

Magnetic Levitation (Maglev) Trains
Trains have been created which levitate off the ground using superconductors.

Advantages are: the fact that the trains are levitating means that there is no friction, allowing the trains to travel at very high speeds. The lack of moving parts means that there is no wear, and theoretically, there is no need of maintenance on the trains. Since there is no friction or moving parts, the train is significantly quieter than conventional trains, however, still makes noise from the great air resistance encountered.

Disadvantages are that the maglev system consumes great amounts of electrical power. Also, the high speed that the train travels at means that air resistance is great.

· Assess the impact of this technology.
Presently, the uses of superconductors are fairly limited due to the low Tc which must be achieved. There is however many potential uses which are being explored and will be of great benefit to society.
Maglev trains will be able to offer a competitive alternative to aeroplanes for travelling interstate, or even country to country (excluding overseas). Their speeds are quite comparable, and travelling by train can be much more convenient and safer.

Using superconductors to replace power lines will mean great power savings, bringing economical benefits to society. It also means that less power plants will have to be built to produce the same amount of power. This will also be of benefit to the environment.

These uses however, become very much more feasible as research finds new materials and methods of increasing the Tc needed to achieve a superconductive state. If and when a superconductor of room temperature Tc is found, a great more number of applications will become practical, and superconductors will be able to replace many of the conventional conductors presently used.
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