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Refer to the Experiment Guide for Superconductor Demonstrations from Colorado Superconductor.

Procedure

I. Goal

To measure the critical temperature and the critical current of modern ceramic high-temperature superconductors.  
II. Introduction

The electrical resistance of metals decreases with decreasing temperature.  Some materials exhibit a phase transition at a certain critical temperature where the resistance drops discontinuously to zero.  These materials are called superconductors.  The critical temperature depends on the material.  Until the 1980s, all known superconductors were metals with critical temperatures at or below about 20 K.  Bednorz and Muller won the 1987 Nobel Prize in Physics for their discovery of ceramic superconductors with critical temperatures above 77 K (the boiling point of liquid nitrogen).  These new ‘high-temperature’ superconductors promised a tremendous decrease in the cost and complexity of superconducting systems by using cheap liquid nitrogen coolant instead of expensive liquid helium coolant.   

The current density carried by the material also affects the critical temperature.  The greater the current density, the lower the critical temperature (due to the magnetic field).   

III. Safety

Liquid Nitrogen safety:

· Wear safety glasses at all times when in the presence of liquid nitrogen

· Wear insulating gloves at all times when handling liquid nitrogen

· Do not allow any liquid nitrogen to touch your body

· Do not touch anything that has been immersed in liquid nitrogen until it has warmed up to room temperature (ie: it is no longer covered in frost)

· Do not move liquid nitrogen containers in a manner that causes splashing

· Do not overfill or spill the liquid

· Beware of asphyxiation. Use only in large or well-ventilated rooms.

· Do not store the liquid in a container with a tight-fitting lid.

Superconductor Safety:

· Never touch the superconductor with your bare hands.  Use gloves or tweezers.

· Never spit on the superconductor

IV: Material

· Liquid nitrogen dewar

· Liquid nitrogen

· Two superconductor samples (YBCO and BSCCO), each mounted in a metal case with an embedded thermocouple (two leads) and a four point probe (four leads)

· Cup to place the sample in

· Appropriate meters and power supplies  
V: Measurements:

A: Critical temperature measurement: Follow the procedure in the Guide on pages 21-24.  You want to measure the resistance of the sample as a function of temperature.  Record the four point probe current and voltage and the thermocouple voltage periodically.  You may do this either manually or via LabView.  Do this for both samples.

B: Critical current measurement: Repeat part (A) by determining the critical temperature for probe currents between 0 and 0.5 A.  Extrapolate the current to a critical temperature of 77 K.  That is the critical current.  You might need to repeat measurements to reduce the experimental uncertainty.
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