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Introduction

High temperature superconductors (HTS) and their characteristics are fascinating
topics. | hope that students that take this course will be inspired to experiment with
superconductors. Perhaps the student may be the one that develops a room temperature
superconductor and changes the world!

In this course, the student will be introduced to the fundamental properties of
superconductors, the basics of high temperature superconductors, the Meissner effect, the
zero resistance effect, practical experimentation kits, how to make a superconductor from
scratch, applications for superconductors, and superconductor patent information.

Superconductors in General

A superconductor is a material that has zero resistance to electrical current when it is
cooled to a certain temperature. What’s the big deal? Electrical resistance causes things to
be heavier and less efficient. In other words, it costs money. So, if you get rid of
electrical resistance, you save lots of money. Using superconductors can also result in a
smaller size for equivalent power in equipment. For example, using superconductor
windings in electromagnets can increase the Tesla rating for a given physical size.

Superconductors also exhibit strange properties such as excluding all magnetic fields
from their interiors. This is called the Meissner effect. It results in magnets levitating
above a piece of superconductor material! This is truly a strange effect. It is magical
except there is no trickery. It is very real.

You get conductors to become superconductors by cooling them. Any conductor will
superconduct if cooled enough. Unfortunately, the required temperature is often very
close to absolute zero (-273 C) or 0 degrees Kelvin (K) which is the lowest temperature
that is theoretically possible. For example, around 100 years ago it was discovered that
liquid Helium could make superconductors out of materials such as Mercury. Liquid
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Helium has a temperature of 4.2K or only 4.2 degrees above the coldest temperature
possible in the universe. Liquid Helium is not very practical or cheap. Higher temperature
superconductors were needed.

High Temperature Superconductors (HTS)

High Temperature superconductors (HTS), which were discovered in the 1980s, will
exhibit superconductor properties at much higher temperatures than that of liquid Helium.
In fact, relatively cheap and easily obtainable liquid Nitrogen (LNZ2) will sufficiently cool
a HTS. LN2 has a boiling point of =196 C. This is still very cold but much easier to
accomplish than —273 C! Really, they should be called relatively high temperature
superconductors since the temperatures involved are not high by any means.

One of the most popular HTSs is Yttrium-Barium-Copper-Oxide (YBCO). It is a
ceramic material that is an insulator at room temperature. You read that correctly. It is an
electrical insulator at room temperature but when you cool it with LN2 it becomes a
perfect conductor of electricity. Strange stuff!

One drawback to current HTS material is that it is brittle. It is difficult to make a
flexible wire out of the current HTS materials. The brittleness is a very big hindrance to
practical usage. This manufacturing difficulty (increased labor and wasted material) can
make equipment that uses HTS material more expensive than ordinary versions of the
equipment. HTS wire can be ordered from companies such as American Superconductor,
http://www.amsuper.com/products/htsWire/index.cfm

Vendors such as FutureScience, Inc. (http://www.futurescience.com) will sell you
fairly cheap Kits that contain a small disk of YBCO, rare earth magnet, tweezers,
Styrofoam cups to hold LN2, etc. LN2 is not included with the kits but you can get it
from your local industrial/medical gas supplier (see Figure 1). LN2 usually costs about
$2/gallon in small quantities. LN2 can be safely handled if proper procedures are
followed. However, if you get careless with LN2, it can hurt you.

With these superconductor kits, you can check the conductance of the YBCO disk
with a common continuity meter at room temperature to verify that it is, in fact, an
insulator. Once cooled with LN2, you can check the continuity of the YBCO disk again
to verify that it has now turned into a conductor. You can also experiment with the
unusual characteristics of superconductors such as the Meissner effect and the zero
resistance effect.
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Figure 1. A 10 liter LN2 container from Airgas (931-645-8276) in Clarksville, TN.
As the LN2 warms, it changes back into the gas state. The loose fitting top prevents
explosion. The LN2 lasts a surprisingly long time (several days) in this type/size
container.

Meissner Effect

A substance that exhibits diamagnetism opposes a magnet similarly to the way two
magnets faces of the same polarity oppose each other. A superconductor exhibits perfect
diamagnetism since they exclude magnetic fields from their interiors. When a
superconductor repels a magnet that is placed on it prior to cooling, it is called the
Meissner effect. The effect is named for one of its discoverers, W. Meissner. This effect
results in a magnet being levitated above a superconductor (or vice versa depending on
which one is fixed). When the superconductor disk is cooled with LN2, the magnet
actually rises (levitates) to a position above the disk from a resting position on top of the
superconductor disk.

Zero Resistance
If a magnet is placed on the superconductor disk after the disk is cooled, the zero

resistance effect is demonstrated as opposed to the Meissner effect. This will result in the
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magnet floating above the superconductor disk. The physical height at which a magnet
floats above the superconductor disk due to zero resistance is higher than the levitation
height that is achieved with the Meissner Effect. Figure 2 and Figure 3 show the zero
resistance effect in action floating a neodymium-iron-boron magnet above a disk of
YBCO superconducting material.
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Figure 2. Neodymium-iron-boron magnet floating about .25” above a LN2 cooled
yttrium-barium-copper-oxide superconductor. When | poured about a quarter of a
cup of LN2 into the Styrofoam cup, the levitation effect lasted, amazingly, for almost
15 minutes before it needed a boost from another shot of LN2.
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Tom .. wasically combine the yttrium oxide/copper

oxide/bar = 7 _ uie mixture, cool the mixture, grind the mixture, heat the
mixture, cool the mixture, press the mixture into a pellet, and heat the mixture. Of course,
it is really more complicated than this but well within the capability of an individual with
basic chemistry knowledge and equipment. The details of the procedure can be seen at
http://www.ornl.gov/reports/m/ornim3063r1/pt7.html.
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