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Ic is the Critical Current of a Superconducting Wire. 
This is the amount of current that can be run through the wire 
before it starts to become normal and resist the flow of electricity. 

The Critical Current, Ic, is traditionally defined when voltage 
reaches 1.0 たV/cm.  This wire is 14 cm long, so the critical voltage 

is 14 たV.
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Superconductors at Varying Temperatures

Ic at Lower Temperatures

In superconductors,if the temperature is lowered by 

10 K, the critical current is doubled.
Since Nitrogen becomes solid at 63 K, we have to use something 

else to get to lower temperatures.  Helium condenses at 4 K, and 
is often used for this application.

Many Technologies use superconductors at sub LN2

temperatures, such as Electric Power, Magnetic Resonance 
Imaging and Diagnostics, and High Energy Physics Research.

Lowering the Temperature
of Liquid Nitrogen

What is Ic?

Liquid Nitrogen (LN2) is at 77 K (-321ºF) at 1 atmosphere of 
pressure. As the pressure on LN2 decreases, the boiling point 
of LN2 also decreases. 

This is called Subcooling, as shown below.

Effects of Pressure on Boiling 
Point of Liquids

A pressure cooker uses a sealed container to raise the internal 
pressure as water boils. As the pressure gets higher, so does 
the temperature at which water boils.
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City Elevation Pressure
Boiling Point 

of Water

Tallahassee, FL 203 ft 1 atm 212°F

Denver, CO 5280 ft 0.82 atm 203°F

Water boiling temperature at high altitude
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What is a Superconductor?
Superconductors are materials that can conduct electricity without 

resistance.  
All of the Superconductors we know of only exhibit this property at 

cryogenic temperatures, extreme pressures, or both.

The temperature of liquid nitrogen at 1 atm is 77 K.  If the pressure of the 
vapor surrounding the liquid is lowered, the temperature of the liquid can b
e easily lowered to 67 K.  Once the sample holder is lowered fully into 
the liquid nitrogen and the cryostat is sealed, data gathering can begin.  
Using LabView, we created a program that can track the voltage drop 
over the wire, the temperature, and the current running through the wire.  
Using the data we can create a Voltage vs. Current plot, allowing us to 
find the critical current. 
The Critical Current of a wire is defined as the amount of current that can 

be run through a superconducting wire before it resists the flow of 
electricity.  The allowed voltage drop is 1µV/cm.  For example, if the wire 
was 10 cm long, the critical voltage would be 10たV.
The temperature of the Liquid Nitrogen is lowered by decreasing the 

pressure within the cryostat with a vacuum pump.  Once the desired 
temperature is reached, the following step is performed.

Using a Function Generator, the current is ramped up linearly until the 
critical current is reached.  The power supply is then shut off.  The data is 
output into an excel spreadsheet, where it can be further analyzed.
This experiment was done from 77-67 K with multiple different samples.  

Methods

Critical Voltage

Applications of Superconductors
Electric Power Distribution- If a power grid can be made using 

a high temperature superconductor, a lossless power grid can be 
implemented, resulting in more efficient and effective power 
distribution.

Transportation- “Bullet” Trains use superconductors to 
magnetically levitate the train above the track, significantly 
reducing friction. The train is also accelerated using these fields, 
achieving speeds of 400 mph.

MRI- Magnetic Resonance Imaging machines use 
superconductors to create the high magnetic fields necessary to 
take detailed pictures of the inside of the human body.

Scientific Research- The Mag Lab at FSU uses superconductors 
to create the high magnetic fields.  The Particle Accelerator at FSU 
uses superconductors as well.
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