Physics 540 Fall 2005 practise problem —answer will be posted Wednesday Dec. 14.

Thisgraphisfrom S. Argisand R. V. Colvin, J. T

A
Appl. Phys. 32, S336 (1961). They measured ol e (SNPLE 1) 7 i ]
the magnetic susceptibility ¥ of Gadolinium 18 # s

metal and plotted the reciprocal of y versus 16t . %
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temperature. Gd has 7 f electrons (half-filled f
shell, spins all parallel by Hund srule) and 3
valence electrons with atomic s or p character.
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These 3 are not very important for the of / # o e
magnetization, which is why the captions are o 7 e 8]

comparing data with “noninteracting Gd** ions. . # St
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Y ou might imagine an Ising model for Gd spin-
spininteractions, H=-J)"  ui, 4}z, where the
sum goes over each nearest neighbor pair once.
Each Gd atom has 12 nearest neighbors. The Lo 1”"“mlg'ﬁg;1;;";511;}if;;f;;fgﬁjf_”“y ot il a8,
volume per Gd atom is 33 cubic Angstroms and

the moment per Gd in the ssimplest pictureis 7 Bohr magnetons. The mass density of Gd
is p=7.89 g/cm”.

() What isthe magnetic part of the partition function for asingle Gd atom with
S=7/2?

(b) What is the formulafor the susceptibility of non-interacting spinsof density n
with S=7/2 and u =7 u g? Doesthis agree with the number given on the graph
above (dot-dash curve)? The experimental y in cm®/gisthe actual y divided by
the mass density p.

(c) Estimate the exchange coupling Jusing a mean field approximation. What isJin
ev?




