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The compressor pushes the liquid through the condenser 

coil at a high pressure (~ 10 atm). The liquid sprays 

through a throttling valve into the evaporation coil which is 

maintained by the compressor at a low pressure (~ 2 atm). 
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Adiabatic demagnetization 

Sample in flask B 
1. Thermal contact (B filled), Field on. 
 Xtal magnetized & cold 

2. Thermal isolated (B pumped) 
3. Field off  
 Xtal demagnetized adiabatically 
 Xtal cools down (entropy increases)  

 

William F. Giauque (Nobel prize Chem. 1949) 
"for his contributions in the field of chemical 
thermodynamics, particularly concerning the 
behaviour of substances at extremely low 
temperatures" 



Adiabatic demagnetization 
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During adiabatic (better: isentropic) demagnetization the total entropy of the specimen 

is constant.  

The entropy can flow into the spin system only from the system of lattice vibrations. 

The initial entropy of the lattice should be small in comparison with the entropy of the 

spin system in order to obtain significant cooling of the lattice  

– indeed, Slattice << Sspin  holds in the mK range. 

 

 
The heat capacity of the spins in the two-state paramagnetic 

is large at low T: 1 cm3 of iron ammonium salt at T=50 mK 

and B ~0.05 T has a heat capacity equal to 16 tons of lead (! ) 

at the same T. 

Temperatures attained:  

~ 1 mK with electronic paramagnetic systems and  

~ 1 K with nuclear paramagnetic systems.  



Intermetallic alloys 

C. Poole, Superconductivity, Acad.Press 2007 

Alloys of neighboring elements 

Correlation sommerfeld coefficient & Tc 

   Again density of states Fermi level 



Intermetallic compounds: The A15’s 

• A3B with 
A = Ti, V, Cr, Zr, Nd, Mo, Ta, W (transition metals) 

B = Sn, Ge, Ga, Si, …  

• Large number of SC’s known (>60) 

• Technologically relevant (superconducting magnets) 



Intermetallic compounds: The A15’s 

C. Poole, Superconductivity, Acad.Press 2007 

Tc 

N 

• Cubic crystal structure 
• Like for alloys: 

 Max Tc for N ~ 4.5 & 6.5 e/a 
(Matthias rule) 

• Again correlation with  
 Sommerfeld parameter 
 Magn. Susceptibility 
 D(EF) 
          



Intermetallics: MgB2 
Nagamatsu, Akimitsu Nature 2001 

• Highest Tc of conventional (e-ph) 
superconductors. 40 K 

• Type II (Hc1=2T, Hc2=15-20T) 
• Hexagonal crystal structure 
• Material commercially available  

since 50’s 
• 2-band SC (2 bands cross EF) 



Intermetallics: MgB2 

• σ- and π-bands crossing EF  
(Boron layer, analogy graphite) 

• Two gaps!! 
 2Δσ = 7 meV 
 2Δπ = 2-4 meV 

• 2-band BCS-like theory 

PRL 86 (4656) 2001 
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