
























136 Equilibrium thermodynamics 

we should expect from the connection between entropy and order, for 
the magnetization of a paramagnet increases tlie magnetic ordering and 
thus decreases the magnetic contribution to the entropy. In an isothermal 
change, heat will therefore bé evolved. The dependence of the suscepti-
bility of a paramagnet on temperature increases rapidly as the tem-
perature is reduced towards the point where spontaneous magnetic 
ordering sets in. It is therefore in this region that strong magnetothermal 
effects are to be expected. However, they are only important at low 
temperatures where heat capacities are generally small and relatively 
large changes of temperature may be produced. Until the development 
of the dilution refrigerator (see section 11. 7), the magnetocaloric effect 
provided the only useful method of obtaining temperatures below 0.3 K. 
In this context it has been and still is of great importance as an experi-
mental tool. 

8.8.1. Cooling by adiabatic demagnetization 
Fig. 8.5 shows the variation of entropy with temperature and 

magnetic field for a typical paramagnetic salt. In zero field the fali in 
entropy at the Curie temperature Te corresponds to the onset of spon-
taneous ordering. At higher temperatures the entropy may always be 
reduced by applying a magnetic field and so increasing magnetic order. 
The process of cooling the salt is illustrated in the figure. The salt is first 
magnetized by applying a field of induction B 1 at an initial temperature 
T1 which is usually obtained by evaporating liquid 4He or liquid 3He 

s 

Fig. 8.5. The entropy of a paramagnetic salt as a function of 
temperature and magnetic induction. 

Resfriamento por desmagnetização adiabática
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under reduced pressure. 11 The heat evolved during magnetization is 
conducted away to the helium bath, and the entropy falls, the salt going 
from state a to state b. The salt is then isolated thermally and demagnet-
ized. If the demagnetization is performed sufficiently slowly, the process 
is reversible, the entropy will remain constant, and the temperature falls. 
If the field is reduced to zero, the final state of the salt will be at c, with 
temperature T2 • Clearly, the lowest temperature to which the salt can 
be cooled by demagnetization is effectively the Curie temperature. 

The experimental arrangement for adiabatic demagnetization is illus-
trated in Fig. 8.6. The salt is suspended in a chamber which is immersed 

Fig. 8.6. A typical arrangement for adiabatic demagnetization 
experiments. 
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11 By evaporating Iiquid 4 He under reduced pressure, a temperature of about 
1 K may be obtained fairly easily. With the lighter isotope 3He, the 
temperature may be reduced to about 0.3 K. There are two reasons for the 
difference. First, 3 He, being lighter than 4He has a greater zero point energy 
and hence a higher vapour pressure. It is therefore easier to reduce the 
temperature by pumping on it. Second, below 2.18 K, 4 He becomes 
superftuid. In this state it spreads over ali accessible walls and along the 
pumping tubes to warmer regions where it evaporates, rapidly. This reduces 
the efficiency of the pumping, and also, some of the vapour recondenses on 
the liquid, transporting its Iatent heat in the process. 8oth these processes 
oppose the reduction of the temperature. Liquid helium will be discussed in 
more detail in sections 10.8.2 and 10.10. 


























