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Summary y 

Thiss thesis presents a theoretical investigation of the nature of atomic mag-
netism.. It was initiated by problems in the interpretation of neutron scatter-
ingg experiments on rare earth and actinide materials. As it turns out, to deal 
withh this problem some of the sophisticated methods of atomic physics, sel-
domm encountered in the context of solid-state physics, are needed. Using the 
irreduciblee tensor formalism and Racah algebra, which are both described 
inn appendices A and B, it has proved to be possible to arrive at results with 
clear-cutt and sometimes surprising consequences for the interpretation of 
elasticc neutron scattering results. 

Inn chapter 1, some relations among physical quantities such as the mag-
netizationn M , the magnetic field B, the vector potential A and the current 
densityy j are presented. The ambiguity inherent in the definition of the mag-
netizationn M is discussed. Some results of the theory of magnetic neutron 
scatteringg related to the above-mentioned quantities are quoted in the last 
sectionn of this chapter. 

Al ll  physical quantities, which are considered in the thesis, are determined 
byy the current density. So chapter 2 has been devoted to the study of the 
naturee of the atomic current density, that is, the current density generated 
byy electrons occupying atomic bound states. Starting with the definition of 
thee current density in the non-relativistic limi t of the Dirac equation and 
usingg the irreducible tensor formalism and Racah algebra, some expressions 
forr the multipole expansion of the orbital and spin current density operators 
forr a single atomic bound electron are deduced and their reduced matrix ele-
mentss are given. The generalization of these expressions to many equivalent 
electronss in terms of Racah unit tensors is presented. One of the useful 
resultss of chapter 2, which we have applied in the next chapters, is that the 
expectationn values of the current density operators have only an azimuthal 
((f))((f)) component in polar coordinates and are independent of ((j)). This prop-
ertyy simplifies the differential equations relating the magnetization and the 
vectorr potential to the current density and facilitates their solution. No 
featuree of the expectation values of the current density emerges from this 
analysiss that would enable a distinction between orbital and spin currents. 
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Chapterr 3 is illustrating the calculation of current densities using the 
matrixx elements derived in chapter 2. Most of this work is based on Racah 
algebra.. An alternative method of calculating the current density for a two-
electronn system, which is based on the determinantal wavefunctions, is also 
illustrated.. The expectation value and the orientation of the spin density in 
full yy aligned spin-orbit coupled states of a single electron is shown to have 
unexpectedd features. 

Thee discussion of the ambiguity of the atomic magnetization in chapter 
11 is at a qualitative level. Chapter 4 is aimed at a quantitative assess-
mentt of the difference between various magnetization functions admissible 
withinn this ambiguity. The differential equations relating the magnetization 
too the current density are solved using a new and some conventionally used 
definitionss of the magnetization for some hydrogenic wavefunctions. Com-
paringg the results given by different definitions shows that the ambiguity of 
thee magnetization has very serious consequences. Al l of the definitions are 
foundd to exhibit some unphysical or contra-intuitive features. So it is prefer-
ablee to discuss the calculated or measured magnetic behaviour of atoms in 
termss of physically uniquely defined quantities such as current density and 
magneticc field. 

Thee magnetic field generated by electrons in stationary states can be 
calculatedd from the expectation value of the current density by solving a set 
off  differential equations. The properties of the current density generated by 
electronss bound in angular-momentum eigenstates, which were identified in 
chapterr 2, enable the evaluation of the magnetic field by direct integration 
fromm the current density. This method is presented in chapter 5, where it is 
appliedd for the evaluation of the magnetic field due to the current densities 
derivedd for some particular eigenstates in chapter 3. Some published results 
obtainedd by solution of the differential equations are reproduced. Direct 
integrationn is seen to give valuable insights in the regularities emerging in 
thesee calculations. 

Thee magnetic scattering amplitude of neutrons were shown in chapter 1 
too be directly related to the current density. Using the results of chapter 2, 
inn chapter 6 the known expressions relevant to scattering by atoms and ions 
aree recovered. The customary method for the determination of the ratio 
betweenn the orbital and spin moments by elastic scattering of neutrons is 
criticallyy assessed. Calculations for the tripositive rare-earth ions show that 
thee errors, made when using this customary method, are not negligible. A 
moree careful analysis cannot escape from the conclusion that by testing the 
magneticc field (which is what neutrons do) spin and orbital contributions 
cannott be distinguished. Under some restrictive assumptions concerning 
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thee state of the atom, the spin and orbital contributions to the scattering 
amplitudee can of course be calculated and the results of these calculations 
aree tabulated in chapter 6. 
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