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The Meissner Effect:

The Diamagnetic Property of a Superconducting Metal Oxide Ceramic Disk

Description:  A small magnet in the shape of a cube levitates above a small black disk.

Concept:  Superconductors “exclude” the magnetic field of a magnet.  See below for a quote from the Instructions Manual that comes with Superconductor Levitation Kit.

Reference: Instruction Manual For Superconductor Demonstration, 1991, Colorado Superconductor Inc.

Materials:

· Colorado Superconductor Inc.’s Levitation Kit with YBa2Cu3O7 superconductor, magnet, and plastic tweezers.

· Dewar of Liquid Nitrogen

· Styrofoam cup

· Styrofoam cup cut such that it is about as high as the superconductor.  You may want to leave one half of the side of the cut cup about an inch high to serve as a backdrop for the magnet, which is dark gray.

· Insulated gloves

· Latex gloves

· Elmo or Vizcam 2000 camera to project object on to big screen.

· A desk lamp for extra light may be necessary if Elmo is used.  Also it is necessary as a heat source when “cleaning up” the superconductor after the demo.

Safety:

From page 14 of the Instruction Manual:

“ Superconductor Handling Instructions, and the safe use of kit materials”.

· Wear protective gloves

· Wear an apron or lab coat while performing experiments

· Wear safety glasses at all times.

· Never handle the superconductors with your hands.  Use the provide tweezers.

· Wash your hands with soap and water after the experiment is completed.

· Do not under any circumstances ingest the materials.

· Do not leave the materials in an unsupervised situation.

· This is not a toy.  Do not let children handle this kit.

The superconductor disk is made from the salts of yttrium, barium, and copper.  The salts of these metals are toxic if ingested.  If the disk is swallowed, or portions inhaled or enter the eye, immediately contact a physician.  Poison Control may be called also.  See the Instruction Manual for more safety information.

The superconductor can be brittle.  Be careful to not drop or hit it.  It could chip or shatter.  Moisture will weaken the superconductor and therefore the superconductor must be stored under a dessicant. 

Procedure: (from page 16 of the Instruction Manual).

Before class:  

1. Set the cut styrofoam cup on top of another inverted cup.

2. Set up the Elmo or Vizcam to make sure that the cut cup is projected well.  

During class:

1. Pour liquid nitrogen into the cut cup and wait until it stops boiling (you may need to add additional liquid nitrogen if the first addition completely boils away).

2. Using the plastic tweezers provided with the kit, set the superconductor disk flat in the liquid nitrogen such that the top of the disk is just flush with the surface of the liquid nitrogen.  Wait until the boiling stops (again it may be necessary for more liquid nitrogen to be added.)

3. Using the plastic tweezers provided with the kit, pick up the magnet and attempt to balance it on top of the superconductor disk.  The magnet should float a few millimeters above the superconductor.

4. Using the above mentioned tweezers, attempt to spin the magnet as it levitates above the superconductor.

Clean-Up:  Immediately after the demonstration remove the superconductor from the liquid nitrogen using the plastic tweezers and dry it.  Dry it using the following procedure: gently dry the disk with paper towel and then dry it a few minutes using a hair dryer or lamp (keep the superconductor 6 inches from the source of heat).  Do not expose the superconductor to a temperature greater than 110( F (43( C).   

Notes:
The following quotes come from page 15 of the Instruction Manual:

“At a temperature below its Critical Temperature, TC, a superconductor will not allow any magnetic field to freely enter it.  This is because microscopic magnetic dipoles are induced in the superconductor that oppose the magnet associated with that field.  This implies that if a magnet was placed on top of the superconductor when the superconductor was above its Critical Temperature, and then it was cooled down to below TC, the superconductor would then exclude the magnetic field of the magnet.  This can be seen quite clearly since [the] magnet itself is repelled, and thus is levitated above the superconductor.” “This magnetic repulsion phenomena is called the Meissner Effect and is named after the person who first discovered it in 1933.” 

“Another interesting observation is that the levitated magnet does not slide off the superconductor.  This seemingly stable equilibrium is actually a manifestation of Flux Pinning….” “…lines of magnetic flux associated with a magnet can penetrate the bulk of the superconductor in the form of ‘magnetic flux tubes.’ These flux tubes are then ‘pinned’ to imperfections or impurities in the crystalline matrix of the superconductor thereby ‘pinning’ the magnet.”

The superconductivity demo was originally purchased for and used in Dr. Ewing’s C100.  It has recently been used in C101.
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