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Exercises “Superconductors and Magnets for Detectors” 

 

Exercise 1 “Sizing a practical superconductor for a 10 T magnet” 

 

 

  



Exercise 2 “Understanding the effective resistivity of a superconductor” 

 

 

 

  



Exercise 3 “Understanding a typical conductor for a Detector Magnet” 

 

Write a half page summary on what we see in this picture.  
Mention all relevant issues determining the shape and internal layout of this conductor.  
  



Exercise 4 “Flux penetration into a practical (type II) superconductor” 
 

 

  



Exercise 5 “Minimum propagation zone / Minimum quench energy / Adiabatic 
filament stability“ 

A 0.8 mm diameter superconducting wire used in the magnet of problem 1 has 40 % copper in it, 
and is electrically insulated with an epoxy resin, with the following properties at 4.2K and 15T: 

• Electrical resitivity : ρ = 3 10-10 Ω m 
• Thermal conductivity of Cu: λ = 200 W m-1 K-1.  
• Thermal conductivity of wire insulation: λ = 0.03 W m-1 K-1. 

 
The magnet is running at 4.2K with 2.6K temperature margin. Current is 187.5A at 15T.  

What’s the local current density in the Cu if the winding locally becomes normal (assume all 
current flows in the Cu)? Using the thermal margin ∆T work out the length L of the minimum 
propagation zone.  

(JCu = 938 A mm-2; L = 2 mm) 
 
The specific heat of Cu and Nb3Sn under the magnet working conditions are given below.  

• Specific heat copper : cCu ≈ 800 J m-3 K-1   
• Specific heat Nb3Sn : cNb3Sn ≈ 11 000 J m-3 K-1   

 
Work out the minimum quench energy MQE, i.e. the energy required to establish a minimum 
propagation zone.  

 (MQE = 6.8 mJ) 
 
What is the Lorentz force FL acting on the wire in the maximum-field zone of the magnet? If the 
wire slips over a distance dx under influence of this Lorentz force, how big would this distance 
need to be for the energy released to establish a minimum propagation zone? Is this a likely 
disturbance? 

(FL = 2.8 kN m-1 ; dx = 1.2 mm; No) 

Under normal operation, what’s the current density in the Nb3Sn filaments? Still using the same 
thermal margin ∆T, work out the maximum allowable filament diameter dfil to ensure adiabatic 
filament stability. How many filaments must the wire minimally contain? Is this realistic? 

(JNb3Sn = 623 A mm-2 ; dfil < 330 m; Nfil > 4;  
Easily, typical wires contain hundreds to thousands of filaments)  

 


