SUPERCONDUCTOR

An element, inter-metallic alloy, or compound that will conduct electricity without resistance below a certain temperature. Resistance is undesirable because it produces losses in the energy flowing through the material (in the form of heat and/or light as in light bulbs).

Once set in motion, electrical current will flow forever (1023 years) in a closed loop of superconducting material – making it the closest thing to perpetual motion in nature. Scientists refer to superconductivity as a “macroscopic quantum phenomenon”.

In 1911 superconductivity was first observed in mercury. When cooled to the temperature of liquid helium, 4 degrees Kelvin (-452F, -269C), its resistance suddenly disappeared. It was necessary to come within 4 degrees of the coldest temperature that is theoretically attainable to witness the phenomenon of superconductivity.

 

Then, in 1986, a brittle ceramic compound was produced that superconducted at the highest temperature then known: 30 K. What made this discovery so remarkable was that ceramics are normally insulators. They don't conduct electricity well at all. In addition, the current theory to explain superconductivity (the BCS theory) predicted that superconductivity above 23K was not possible.

In January of 1987 an incredible 92K Tc was achieved. For the first time a material (today referred to as YBCO) had been found that would superconduct at temperatures warmer than liquid nitrogen - a commonly available coolant. The current class (or "system") of ceramic superconductors with the highest transition temperatures are the mercuric-cuprates. The first synthesis of one of these compounds was achieved in 1993. The world record Tc of 138K is now held by a thallium-doped, mercuric-cuprate comprised of the elements Mercury, Thallium, Barium, Calcium, Copper and Oxygen. Under extreme pressure its Tc can be coaxed up even higher - approximately 25 to 30 degrees more at 300,000 atmospheres.
Uses for Superconductors 

Magnetic-levitation is an application where superconductors perform extremely well. Transport vehicles such as trains can be made to "float" on strong superconducting magnets, virtually eliminating friction between the train and its tracks. Not only would conventional electromagnets waste much of the electrical energy as heat, they would have to be physically much larger than superconducting magnets. In 1999, the Japanese government built an experimental train (MLX01 test vehicle) that attained an incredible speed of 343 miles per hour (550 km/hr).
Electric generators made with superconducting wire are far more efficient than conventional generators wound with copper wire. In fact, their efficiency is above 99% and their size about half that of conventional generators. These facts make them very lucrative ventures for power utilities. General Electric has estimated the potential worldwide market for superconducting generators in the next decade at around $20-30 billion dollars.

Other commercial power projects in the works that employ superconductor technology include energy storage to enhance power stability. Just one of these D-SMES units has a power reserve of over 3 million watts, which can be retrieved whenever there is a need to stabilize line voltage during a disturbance in the power grid.

A military use of superconductors may come with the deployment of "E-bombs". These are devices that make use of strong, superconductor-derived magnetic fields to create a fast, high-intensity electro-magnetic pulse (EMP) to disable an enemy's electronic equipment. (There is some speculation that this type of bomb was used in the recent Iraqi war.)

Research and development is underway to develop a superconducting digital router for high-speed data communications up to 160 Ghz. Since Internet traffic is increasing exponentially, superconductor technology is being called upon to meet this super need.
How MRI (magnetic resonance imaging) Works

The biggest and most important component in an MRI system is the superconducting magnet. The magnet in an MRI system is rated using a unit of measure known as a tesla (1 tesla = 10,000 gauss). The magnets in use today in MRI are in the 0.5-tesla to 2.0-tesla range, or 5,000 to 20,000 gauss. Magnetic fields greater than 2 tesla have not been approved for use in medical imaging, though much more powerful magnets -- up to 60 tesla -- are used in research. The Earth's magnetic field is only 0.5 gauss.

A superconducting magnet is somewhat similar to a resistive magnet -- coils or windings of wire through which a current of electricity is passed create the magnetic field. The wire is continually bathed in liquid helium which causes the resistance in the wire to drop to zero, reducing the electrical requirement for the system dramatically and making it much more economical to operate. 

Another type of magnet found in every MRI system is called a gradient magnet. There are three gradient magnets inside the MRI machine. These magnets are very, very low strength compared to the main magnetic field; they may range in strength from 180 gauss to 270 gauss, or 18 to 27 millitesla (thousandths of a tesla). 

The main magnet immerses the patient in a stable and very intense magnetic field, and the gradient magnets create a variable field. The rest of an MRI system consists mainly of a very powerful computer system and some equipment that allows transmission of RF (radio frequency) pulses into the patient's body while they are in the scanner.

There is a horizontal tube running through the magnet from front to back. This tube is known as the bore of the magnet. The patient lies on their back and slide into the bore on a special table. Once the body part to be scanned is in the exact center or isocenter of the magnetic field, the scan can begin. 

In conjunction with radio wave pulses of energy, the MRI scanner can pick out a very small point inside the patient's body and ask it, essentially, "What type of tissue are you?" The point might be a cube that is half a millimeter on each side. The MRI system goes through the patient's body point by point, building up a 2-D or 3-D map of tissue types. It then integrates all of this information together to create 2-D images or 3-D models.

Understanding the Technology: Atoms
The human body is made up of untold billions of atoms. The nucleus of an atom spins, or precesses, on an axis. 

	
A top that is spinning slightly off the vertical axis is precessing about the vertical axis.
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A hydrogen atom precesses about a magnetic field.


For the purposes of MRI, only the hydrogen atoms are important. It is an ideal atom for MRI because its nucleus has a single proton and a large magnetic moment. The large magnetic moment means that, when placed in a magnetic field, the hydrogen atom has a strong tendency to line up with the direction of the magnetic field. 

Inside the bore of the scanner, the magnetic field runs straight down the center of the tube in which the patient is placed. This means that if a patient is lying on their back in the scanner, the hydrogen protons in their body will line up in the direction of either the feet or the head. The vast majority of these protons will cancel each other out -- that is, for each one lined up toward the feet, one toward the head will cancel it out. Only a couple of protons out of every million are not canceled out. The sheer number of hydrogen atoms in the body insures that enough ‘out of sync’ protons are available to create the images.
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All of the hydrogen protons will align with the magnetic field in one direction or the other. The vast majority cancel each other out, but, as shown here, in any sample there is one or two "extra" protons.


The MRI machine applies an RF (radio frequency) pulse that is specific only to hydrogen. The system directs the pulse toward the area of the body to be examined. The pulse causes the protons in that area to absorb the energy required to make them spin, or precess, in a different direction. This is the "resonance" part of MRI. The RF pulse forces them (only the one or two extra unmatched protons per million) to spin at a particular frequency, in a particular direction. The specific frequency of resonance is called the Larmour frequency and is calculated based on the particular tissue being imaged and the strength of the main magnetic field. 

These RF pulses are usually applied through a coil. MRI machines come with many different coils designed for different parts of the body: knees, shoulders, wrists, heads, necks and so on. These coils usually conform to the contour of the body part being imaged, or at least reside very close to it during the exam. At approximately the same time, the three gradient magnets jump into the act. They are arranged in such a manner inside the main magnet that when they are turned on and off very rapidly in a specific manner, they alter the main magnetic field on a very local level. What this means is that a very specific area or ‘slice’ can be examined. An advantage for MRI is that a picture or ‘slice’ can be taken at any angle.

When the RF pulse is turned off, the hydrogen protons begin to slowly (relatively speaking) return to their natural alignment within the magnetic field and release their excess stored energy. When they do this, they give off a signal that the coil now picks up and sends to the computer system. What the system receives is mathematical data that is converted into a picture that can be on film. That is the "imaging" part of MRI. 

How Lasers Work

A laser is a device that controls the way that energized atoms release photons. "Laser" is an acronym for light amplification by stimulated emission of radiation.
Although there are many types of lasers, all have certain essential features. In a laser, the lasing medium is “pumped” to get the atoms into an excited state. Typically, very intense flashes of light or electrical discharges pump the lasing medium and create a large collection of excited-state atoms (atoms with higher-energy electrons). It is necessary to have a large collection of atoms in the excited state for the laser to work efficiently. In general, the atoms are excited to a level that is two or three levels above the ground state. This increases the degree of population inversion. The population inversion is the number of atoms in the excited state versus the number in ground state. 

Just as the electron absorbed some amount of energy to reach this excited level, it can also release this energy. This emitted energy comes in the form of photons (light energy). The photon emitted has a very specific wavelength (color) that depends on the state of the electron's energy when the photon is released.. 
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Laser light is very different from normal light. Laser light has the following properties: 

· The light released is monochromatic. It contains one specific wavelength of light (one specific color). The wavelength of light is determined by the amount of energy released when the electron drops to a lower orbit. 

· The light released is coherent. It is “organized” -- each photon moves in step with the others. This means that all of the photons have wave fronts that launch in unison. 

· The light is very directional. A laser light has a very tight beam and is very strong and concentrated. A flashlight, on the other hand, releases light in many directions, and the light is very weak and diffuse. 

To make these three properties occur takes something called stimulated emission. This does not occur in your ordinary flashlight -- in a flashlight, all of the atoms release their photons randomly. In stimulated emission, photon emission is organized. 

The photon that any atom releases has a certain wavelength that is dependent on the energy difference between the excited state and the ground state. If this photon (possessing a certain energy and phase) should encounter another atom that has an electron in the same excited state, stimulated emission can occur. The first photon can stimulate or induce atomic emission such that the subsequent emitted photon (from the second atom) vibrates with the same frequency and direction as the incoming photon. 

The other key to a laser is a pair of mirrors, one at each end of the lasing medium. Photons, with a very specific wavelength and phase, reflect off the mirrors to travel back and forth through the lasing medium. In the process, they stimulate other electrons to make the downward energy jump and can cause the emission of more photons of the same wavelength and phase. A cascade effect occurs, and soon we have propagated many, many photons of the same wavelength and phase. The mirror at one end of the laser is "half-silvered," meaning it reflects some light and lets some light through. The light that makes it through is the laser light. 

The following figures illustrate how a simple ruby laser works. The laser consists of a flash tube (like you would have on a camera), a ruby rod and two mirrors (one half-silvered). The ruby rod is the lasing medium and the flash tube pumps it. 
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1. The laser in its non-lasing state
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2. The flash tube fires and injects light into the ruby rod. The light excites atoms in the ruby.
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3. Some of these atoms emit photons.
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4. Some of these photons run in a direction parallel to the ruby's axis, so they bounce back and forth off the mirrors. As they pass through the crystal, they stimulate emission in other atoms. 
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5. Monochromatic, single-phase, columnated light leaves the ruby through the half-silvered mirror -- laser light!


Uses for Lasers

Laser beams have been bounced off reflectors on the moon to accurately measure the distance between the earth and the moon. They can also measure distances on a street (surveying) or movement along an earthquake fault. 

Helium-neon lasers are the cheapest visible light presently available and is used in a supermarket scanner. The laser is scanned across a bar code on a package which is interpreted as ‘light’ and ‘dark’ areas. This is converted to binary code (0’s and 1’s) to represent the product and price of the package.

Nearly all major sewer pipe and storm drain pipe installations are aligned using helium-neon lasers. In the auto business, lasers are used for wheel alignment. 

Lasers are also used to make holograms. Holograms are three-dimensional pictures, which when illuminated, produce images so realistic that the sides of objects can also be seen. Laser light is projected on a photographic plate to produce these images.
Semiconductors are also used to produce lasers with invisible light. Home entertainment systems use the optical disc to provide digital audio or video signals. Information is stored by using a laser beam to punch a series of holes in reflecting layers. In the disc player, a semiconductor laser is reflected from the disc to a detector. The pattern of holes is converted to a digital signal that contains the coded audio information. Semiconductors also are used in laser printers. Carbon dioxide lasers are used for cutting and heating. Argon lasers are used in the medical profession.

Canadian Tire is now selling a ‘laser level’ (advertised on TV).

Laser pointers used in lecture presentations.

Lasers in Medicine 

There are several benefits from laser surgery, in comparison to alternative surgery, which include: 

· Reduced risk of infection 

· Relatively ‘bloodless’ surgery 

· Precisely controlled surgery which significantly reduces the injury to normal, healthy skin. 

· Has the potential to prevent major scarring, depending on the surgery. 

· Safe and effective, same-day surgery for many skin conditions. 

There are three different ways that medical lasers can be implemented in surgery: 

Cut like a scalpel—When a cut is made with a scalpel, the open ends of blood vessels tend to bleed into the cut. The benefit of using a laser instead of a scalpel is that the laser seals the blood vessels as it cuts through them and the cut does not bleed. This procedure can be undertaken with a carbon dioxide laser, which are also used to destroy cancer cells by heating them quickly so that they burst. 

Destroy cells by heating—This procedure can be used to remove blemishes on the skin, such as scars and freckles. It is very effective with a laser, because the beam is so narrow, no other healthy cells around the area are damaged in the process and healing occurs quickly. 

 To join cells together—Several types of lasers can be used for medical welding, or ‘coagulation’ as it is termed. Wounds can be healed without using bandages or stitches. 

 Today, the most important use of lasers is in eye surgery. Occasionally the retina can peel away from the back of the eye causing ‘blind spots’ (a detached retina). Now the procedure can be performed quickly and easily using a laser beam. The laser beam forms a weld and sticks the retina to the back of the eye. The size of the welds are extremely small, only the size of the period at the end of this sentence. This laser treatment is painless and patients do not have to stay in hospital for unnecessary amounts of time. The laser beam is aimed at the retina as laser pulses of about 1,000th of a second are used to stick the retina back into position. Because the laser pulses are very short, there is no time for the patient to react to the bright light and move the eye. This method of treatment is painless. 

Another area where laser treatment is useful, is in the area of dermatology. Using a carbon dioxide laser, dermatology surgeons are able to peel and resurface facial skin for cosmetic improvement, while minimizing damage or scarring to the surrounding skin. This technique can be used to remove fine lines and wrinkles of the face, and rejuvenates aging and sun-damaged skin. 

Yellow Light Lasers are produced through the use of an organic dye. Yellow light is absorbed by the hemoglobin in red blood cells more than other colours. These lasers are extremely effective in the treatment of blood vessel disorders —including red birthmarks and enlarged blood vessels. Alike other lasers, yellow light lasers can be used with minimal risk of scarring, making them safe and effective in the treatment of children. 

Red Light Lasers emit extremely short, high energy pulses. These lasers were originally used to remove tattoos, with little risk of damage or scarring to the surrounding skin. Now red light lasers are also used to treat brown pigmented lesions, such as freckles. 
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