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Abstract 

The mechanism by which the quantized vortex tangle in a turbulent superfluid system decays 

remains little understood [1]. Research into the subject suggests that Kelvin waves play an 

integral part in the dissipation process [2]. To generate quantum turbulence, a grid is dragged 

through 
4
He which has condensed into the superfluid state. Oscillations in the motion of this grid 

remain a problem, and efforts to reduce these oscillations include reducing the mass of the 

armature used to propel the grid. This must be accomplished however, while maintaining the 

quality of the superconducting Nb film sputtered onto the armature. In this paper, I examine 

measurements made on a glass armature sputtered with Nb to determine the quality of the 

superconducting film. 

 

I. Introduction 

A fluid is said to be in a state of turbulence when it has a high level of fluctuating 

vorticity. [3] This definition of turbulence applies more readily to a classical fluid. In superfluid 

4
He, quantum turbulence is defined as turbulence which is constrained by quantum effects. [1] 

Like the study of classical turbulence, quantum turbulence poses several experimental and 

theoretical challenges. Experimentalists wish to observe a rapidly changing system on a 

microscopic scale, while theoreticians are faced with forming complex models using nonlinear 

equations of motion [1]. Experimentalists and theoreticians working together hope to develop a 

model of quantum turbulence, since the flow of superfluid 
4
He often becomes turbulent, and the 



use of superfluid 
4
He in rf cavities, superconducting magnets, and other devices requires a sound 

understanding of its behavior. [7] 

At vapor pressure, 
4
He acts as a superfluid once it has been cooled below its (lambda) 

temperature of 2.2K. [5] The transition from a normal fluid to a superfluid occurs as a finite 

number of Helium atoms transitioning to the same quantum state. [6] The resulting superfluid is 

actually a combination of a normal fluid component and a superfluid component. [1] The 

superfluid component is characterized as having zero viscosity, thereby allowing it to flow 

without viscous dissipation. [5] Unlike in the normal fluid, where turbulence is observed to 

develop in accordance with classical models, quantum turbulence in the superfluid component is 

strongly affected by quantum constraints. [6] One such constraint is the requirement that vortex 

lines be quantized. [1] Turbulence in the superfluid ultimately consists of a tangle of these 

quantized vortex lines. 

 



 
Figure 1: The above is a simulation showing the evolution of a quantized vortex tangle. [1] 
 

  A frictional interaction between the normal fluid and superfluid components is made 

possible by the presence of these vortex lines. The frictional force arises due to motion of the 

vortex lines relative to the normal component. [1] At temperatures below 1K, the volume of the 

normal fluid component can shrink to a level where mutual friction becomes  less significant as a 

dissipative process. [5] At this level, it is thought that the mechanism by which quantum 

turbulence decays involves the production and interaction of Kelvin Waves. [7] Interaction 

between Kelvin waves ultimately results in energy dissipation via phonon emission. [1]  

Investigating the mechanism by which turbulence decays is a central focus for research in 

both classical and quantum turbulence. The experiment on quantum turbulence being run in Dr. 

Ihas’s lab uses a mesh grid to generate turbulence in 
4
He superfluid. Turbulence is generated by 

dragging the grid through the superfluid. [7] Driving the grid requires a motor which does not 

allow for spurious dissipation to the sample. The key element to this motor is the armature 



attached to the grid. The armature is a tube with a thin sample of Niobium sputtered onto it. At 

9.2 K Niobium becomes superconducting. [9] Due to the Meisner effect, magnetic field lines are 

expelled by a superconductor. [10] Thus, by applying a magnetic field to the superconducting 

sample, the motor is able to utilize the Meisner effect and propel the armature. The setup 

described has been used in the past, however, there have been several problems with keeping the 

motion of the grid uniform and free from oscillation. [2] While oscillations in the armature’s 

motion cannot be completely removed, the disturbance to the procedure can be mitigated by 

decreasing the mass of the armature. Ultimately, what is desired is a low mass armature which is 

also an effective superconductor.  

 

 

 

 

 

 

II. METHODS 
 

A 53 inch cryogenic insert was used to cool a Nb coated sample rod. The sample rod was 

fastened to the insert using two brass disks. The disks were cut to fit snuggly inside the dewar. 

The two brass disks were also used to support a solenoid measuring 1.5 inches in length and 0.5 

inches in diameter. The sample rod was fitted so that the portion of it coated in Nb was held 

completely inside the solenoid. The solenoid was attached to its power source using low 

resistance leads 5 and 6 connecting to the 12 pin connector (Fig. 2). A total of four leads were 

attached to the sample rod, so as to perform a four point resistance measurement. The two right 

leads 5 and 6 were both connected to a copper strip, which was heat sunk to the copper rod 

supporting the sample and solenoid (Fig. 2). The two left leads 2 and 3 were also connected to a 

copper strip heat sunk to the support rod (Fig. 2). The outer leads were then connected via 



shielded coax terminals to an external voltage supply. The two inner leads were connected to an 

external ohm meter also using the shielded coax terminals.  

At the bottom of the sample was fixed the Dual Function Sensor (DFS), used to monitor 

the temperature of the sample and measure the magnetic field produced by the solenoid. The 32 

pin connector was used to operate the DFS. Specifically, leads N and R were used for the 

thermometer current, J and L for the thermometer voltage, f and h for the Hall sensor current, 

and b and d for the hall sensor voltage. A level superconducting level detector was also used to 

determine when the sample had been immersed in liquid 
4
He. 

 

 
Figure 2: Shows the wiring diagram used to measure the superconductivity of the Nb sample rod. 

   

 

The cryogenic insert was then cooled to below 9.2 K. This was accomplished slowly lowering 

the insert into a dewar and pumping cooled helium through it. A pressure of 400 torr was 

maintained throughout most of the pumping. Once the level detector read full, and the 

temperature had been stabilized, resistance measurements were taken on the sample rod.  



 

III. RESULTS 

At room temperature, the resistance of the sample was measured at 1430 Ω, and the 

combined lead resistance was measured at 94 Ω. At 4.2 K, the resistance across the sample was 

measured at 1144 Ω. This is below the temperature at which pure Niobium superconducts. At the 

lowest temperature of 1.35 K, the resistance across the sample read 1053 Ω (Fig. 3).  

 

 
 
Figure 3: The resistance can be seen to steadily decrease with a decrease in temperature. 

 

 

The calibration of the solenoid revealed that for every Amp of current above 1.5 A, the solenoid  

 

produces a magnetic field along its axis of 0.1 T. 
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Figure 4: Shows the magnetic field measured along the solenoid’s axis vs. the current put through the solenoid.  

 

 

 

IV. DISCUSSION 
 

The thin film sample rod did not superconduct, even at temperatures as low as 1.2K. The sample 

was sputtered on glass which was not annealed prior to deposition. In other studies on Nb thin films, it 

has been shown that  very thin films could be grown which successfully superconducted on sapphire 

substrates. [10]  Preparation of these sapphire substrates appears to be an intregral step in producing 

Nb thin films which superconduct. Steps taken include annealing for 1 hour at 1100 C before deposition 

of the substrate and cleaning using Argon ion milling. Preparation also requires cleaning the substrate in 

water based surfactants in an ultrasonic bath. [11]  Ultimately, these results should be verified, by way 

of an attempt at reproduction.  

With regards to the calibration of the solenoid, below 1.5 A, the magnetic field appears to 

grow as current through the solenoid decreases. This result runs counter to theory and previous 

observations, and suggests that the Hall probe may not correctly measure fields lower than  

0.0025 T. 
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V. CONCLUSION 

Many unanswered questions remain in both the study of classical turbulence and quantum 

turbulence. The main question in quantum turbulence as of late pertains to the mechanism by which 

quantum turbulence energetically dissipates. While theories regarding Kelvin wave dissipation requires 

further testing, new efforts towards visualization through the use of laser probed excimers as He2 tracers 

may provide better insight as to how the quantized vortex tangle evolves. [2] Quantum turbulence 

generated by grid motion remains one of the most reliable ways of generating turbulence in a superfluid. 

Ultimately, reducing unwanted oscillations in this motion can only occur in conjunction with the 

development of a lighter armature. As the thickness of the Nb thin film becomes smaller, the importance 

of the smoothness of the substrate increases. Inevitably, cleaning and annealing procedures must be 

addressed so as to optimize the smoothness of the substrate while simultaneously minimizing the 

thickness of the deposited Nb.  
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