
Targeted Student Experiences in a Superconductivity Lab 

Experimental Materials and Procedure 

The transition of an undergraduate student from a 
guided-inquiry introductory lab to independent 
research requires substantial growth. This important 
transition includes a required advanced lab sequence 
with the following characteristics: 
• Three courses for 1/3 credit each in a trimester 

system 
• Students are physics or physics-engineering majors 
• Students may be sophomore/junior/senior 
• Lab meets for 2 hours once a week for 10 weeks  
• Only required lab course sequence after 

introductory lab sequence 
 

What are my goals for the advanced lab? 
1. Learning how to writing scientifically in a formal 

report and lab notebook 
2. Learning how to use sophisticated equipment to 

perform interesting experiments 
3. Command/control for recording data 
4. Learn trouble-shooting skills in performing 

experiments 
5. Gain more independence  

Outlook and Development 

• Using advanced labs to generate 
specific  student experiences is 
important in helping students to 
become more independent.   
• Develop/Adapt assessment for 
advanced lab course 
• Use new lock-in amplifier to 
demonstrate another way to do the 
measurement 
• Better integrate LabVIEWTM  into the 
course 
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Each experience reflects a goal in the course. Note: 
The numbering below corresponds to the list 
shown on the far left panel. 
1. Use lab notebook to keep a real-time record 

when debugging the experiment 
2. Learn how to reduce electrical and thermal noise 
• Reduce electrical noise by using coaxial cables, 

twisted pairs, and minimizing loops 
• Isolate the superconducting sample from the lab 

room 
3. Editing the program 
• Realize that the digital measurement depends 

upon the chosen voltage range of each analog 
input 
• Learn how quickly the program records data 

4. Work through both points 2 and 3 
5. Intentional holes in the short lab write-up so 

that they need to work through the entire 
experiment 

Students are told that they will measure the 
superconducting temperature (TC) for a sample using 
the four-probe technique (see top-left figure).  They 
are provided with the following materials: 

1. Superconducting sample and informational 

pamphlet that comes with the superconducting 

material (From Colorado Superconductor, Inc. for 

$270)  

2. Short lab write-up including a checklist to keep 

them focused 

3. Incomplete LabVIEWTM program for data collection 

4. National Instruments interface box (BNC-2120 for 

about $400) and USB GPIB connector (about $560) 

5. Power supply able to supply 0.5 Amps 

6. High precision multimeter with GPIB (HP 34401A for 

$700) 

7. Regular digital voltmeter ($30) 

8. Resistors, cables and liquid nitrogen 

Intentional Experiences 

Experimental Setup 

• If students are careful about noise reduction 
and data collection, they have a curve similar 
to the one shown above 
• The uncertainty in the temperature should be 
less than 1 Kelvin. 
• The uncertainty in the resistance should be 
about  100 μΩ. 
• Based on the apparent TC of about 100 K, the 
sample is most likely Bi2Sr2CaCu2O9. 

• Each  
• In 

Background Information 

Top: Ideal superconductivity curves 
Bottom: Four probe technique 
schematic 
Taken from: "Instruction Manual for 
Superconductor Experiments" which is supplied 
by Colorado Superconductor, Inc.  

• A typical experimental setup completed by the students is shown above (the styrofoam container for the sample 
is not shown) 
• The shunt resistor is placed in series with the current leads (black wires) to limit the current since the sample 
cannot take more than 0.5 Amps 
• The voltage drop of the thermistor is less than +/- 10 mV so the voltage range of the analog input needs to be 
adjusted so that the least significant bit is less than 0.01 mV 
• The voltage drop across the sample is attached to the HP multimeter (yellow wires) 
 

What do students experience? 
• They soon recognize the advantage of using the high resolution multimeter in measuring the voltage or 
resistance of the sample.  Then they adjust the program and setup the experiment rather quickly. 
• They are encouraged to take data as soon as possible since they typically do not do a careful job of noise 
reduction and data taking. 
• The process of improving the data is invaluable since this is one of the only experiments where they can do this 
and see substantial benefit to working through it. 
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The checklist from the lab write-up is shown below: 
1. Experiment 
• Determine any voltage offset of the device you use for 

measurement.  
• Determine the superconducting temperature, TC. You will 

need to compare a resistance measurement to the 
temperature measured using a thermistor to find TC  (see 
bottom-left figure). 

• Determine the superconducting sample. You should be 
able to do this using TC.  

• Determine and use appropriate error bars in the plots 
you include in your lab notebook.  

2. LabVIEWTM code changes 
• Curve fit the thermistor calibration data to convert it 

from mV to the Kelvin scale.  
• Decide the method that you will use to measure the 

resistance (V/I or R) and what device you will use.  
• Cosmetics: Fix the display so that the axes are correct. 

Make sure that the graphical user interface (GUI) is easy 
to understand and clearly labeled.  

• Determine the parameters that you would like to save to 
file and add the code to your program.  

Thermistor 

Results 

The LabVIEWTM code they start with is shown above and important 
details are listed below: 
• The interface box inputs are controlled by the Data Acquisition (DAQ) 
Assistant 
• There is a driver for the HP multimeter to interface with it 
• The students need to go through the checklist by doing the following: 
• Update the code so that they use one DAQ input for the thermistor 
and a voltage from the HP multimeter 
• Add the thermistor calibration 
• Carefully determine measurement offsets for inclusion into the 
program. 
• Determine how many data points to take and how quickly to do so 

• Some students will add alternative features such as  saving the time 
to the file along with both measurements  
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