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Aftereffect solution, single-domain 
ferromagnetic particle relaxation. 
Brown's model, 232-234 

ferromagnetic particle relaxation, 
Brown's model, 226-227, 
230-234 

Anisotropic axes: 

Alignment term. single-domain 

magnetoanisotropic nanoparticles. 

Hamiltonian formulas, 67-69 
linear susceptibility, random 

distribution, 63, 66-67 
magnetization, series expansions 

along, 53-57 
partition function, series 

expansion, 29-32 
powers expanded by free energy, 

thermal equilibrium quantities, 
longitudinal-field energy 
barriers, 46-49 

nonlinear susceptibility: 

10-13 

38-39 

random distribution. 75-76 
temperature dependence, 83 - 85 

overbarrier rotations, individual 
spins, 134-135 

powers expanded by free energy: 
field expansion of free energy, 

37-38 
free energy series random 

distribution, 35-36 
partition function, 15- 16 

reduced nonlinear susceptibility, 

spin ensemble dynamics, 142- 141 
temperature dependence, 136- I 37 

76-77 

quantum electrodynamics (QED). 
resonance energy transfer, 
fluorescence depolarization, 
380- 383 

single-domain ferromagnetic particles, 
nonaxially symmetric particles, 
246-256 

Anisotropic property, defined, 330 
Anisotropy field, dynamical properties, 

magnetoanisotropic nanoparticles, 
deterministic dynamics. 
Landau - Lifshitz-Gilbert 
equation, 101 - 103 

Approximation formulas, nonaxial 
symmetry: 

asymptotic formulas: 
1's. experimental observations, 

as function of field angle, 275-277 
211-279 

Brown's high-energy approximation, 
256-262 

analytic solutions, 263-265 
IHD 17s. LD formulas, Fokker-Planck 

equation. 268-275 
Kramers low-damping and 

transition-state results, 265-267 
validity as function of damping 

parameter, 267-268 
Arrhenius law, magnetoanisotropic 

nanoparticles: 

longitudinal-field energy barriers, 
91 

Shliomis-Stepanov model, 

spin ensemble dynamics, 144 

approximate formulas. 190- 193 
Fokker-Planck matrix calculations, 

large negative argument, 188- 189 
large positive argument, 187-188 
magnetoanisotropic nanoparticles: 

free energy, strong anisotropy. 40 
longitudinal response. 148- 150 
magnetization, expansion for strong 

Asymptotic expansion: 

eigenvalue comparisons, 285 -297 

anisotropy. 57-59 
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Asymptotic expansion: (confirzued) 
partition function, strong anisotropy. 

thermal equilibrium quantities. 
32-35 

longitudinal-field regimes, 48-49 

experimental observations, 277-279 
field angles and, 275-277 
future research applications. 308 

one-dimensional Ising spin-lattice 
model, Ising ring formation. 
347-353 

Autocorrelation function, single-domain 
ferromagnetic particle relaxation, 
Brown's model, 233-234 

Average squared magnetization (ASM). 
one-dimensional Ising spin-lattice 
model: 

nonaxial symmetry: 

Ising chain formation, 353-354 
Ising ring formation, 346-353 
research background, 337 -340 
statistical thermodynamics, 342-345 

anisotropy axis, magnetoanisotropic 

field expansion of free energy, 

free energy random distribution, 36 

magnetoanisotropic nanoparticles, 
magnetic moment averages, 
120-122 

Axial symmetry: 
defined. 330 
dynamical properties, 

Averaging equations: 

nanoparticles: 

37-38 

dynamical properties, 

magnetoanisotropic nanoparticles. 
deterministic Landau-Lifshitz 
equation, 103- 104 

Liouville expression. 118- 120 
Fokker-Planck equation. Sturm- 

single-domain ferromagnetic particles: 
Brown's low-energy-barrier 

approximation, 236 
domain structure, 220 
solutions for. 234-236 

Azimuthal angles: 
anisotropy axis, magnetoanisotropic 

magnetoanisotropic nanoparticles, 
nanoparticles, 36 

deterministic dynamics, 105- 106 

Backreaction on system: 
Brown-Kubo-Hashitsume model, linear 

couplings, 162- 163 
equations of motion, nonlinear 

couplings, 203-207 
Barrier height parameter: 

Fokker-Planck matrix calculations: 
correlation times, numerical 

calculation of. 297-306 
lowest eigenvalues, 284-285 

nonaxial symmetry, VS. 
intermediate-to-high damping 
(IHD) formula, 268-275 

single-domain ferromagnetic particles, 
nonaxially symmetric particles. 
246 - 256 

Bath polaritons: 
quantum electrodynamics (QED). 

resonance energy transfer, 

Bath polaritons. quantum electrodynamics 
(QED), resonance energy transfer: 

363-364 

background. 360-361 
molecular dynamics in dielectric 

media, 389-400 
nonrate regimes, 397-400 

Beer law, quantum electrodynamics 
(QED), resonance energy transfer, 
360-361 

dielectric media. vibrational structure, 
378-379 

Bessel function, magnetoanisotropic 
nanoparticles, partition function. 
16 

Bilinear coupling: 
Brown-Kubo-Hashitsume model: 

phenomenological equations, 

spin-environment Hamiltonians, 160 
156- 157 
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Binomial coefficients, 
magnetoanisotropic nanoparticles. 
partition function, field series 
expansion, 23 -24 

magnetoanisotropic nanoparticles, 
averaging equations, magnetic 
moments, 121-122 

Blocked particles, in-phase linear 
dynamical susceptibility, magnetic 
nanoparticle dynamics, 92-94 

magnetoanisotropic nanoparticles. 7-8 
low-frequency Shliomis-Stepanov 

Shliomis-Stepanov model, 

Bloch equations, dynamical properties. 

Blocking temperature: 

equation, 94-96 

longitudinal-field energy barriers, 
89-91 

spin ensemble, longitudinal 
dynamical response, 140- 14 I 

nonaxial symmetry, future research 
issues, 308 

single-domain ferromagnetic particle 
relaxation, Ntel relaxation model, 
224 

Boltzmann distribution: 
Brown-Kubo-Hashitsume model. 

phenomenological equations. 
155-156 

Fokker-Planck equation: 
Markovian regime, 178- 179 
stationary solution, 113- 115 

magnetoanisotropic nanoparticles, 
partition function and free energy, 
14-15 

statistical properties, fluctuating 
magnetic field, decoupling 
conditions, 167- 168 

Boltzmann’s constant, single-domain 
ferromagnetic particles. domain 
structure, 217-220 

Born-Oppenheimer approximation. 
quantum electrodynamics (QED). 
resonance energy transfer. 
dielectric media, vibrational 
structure, 376-379 

Bose operator, resonance dipole-dipole 
interaction (RDDI), dielectric 
media, 372-376 

properties, magnetoanisotropic 
nanoparticles, Gaussian stochastic 
process, 132- 133 

Brillouin zone. quantum electrodynamics 
(QED). resonance energy transfer, 
displacement field operator, 

Box-Muller algorithm, dynamical 

402-403 
Brown-Aharoni formula, Fokker-Planck 

matrix calculations, asymptotic 
estimate vs. numerical 
calculations, 292-297 

Brownian particle dynamics, 
Brown-Kubo-Hashitsume model. 
linear couplings, 163 

Brown-Kubo-Hashitsume model: 
dynamical properties, 

magnetoanisotropic nanoparticles, 
107-128 

Fokker-Planck equations, 1 10- 120 
Langevin equations, 108- 110 
magnetic moment averages, 

equations for, 120- 122 
relaxation times, 123- 128 
stochastic dynamics, 100 

magnetoanisotropic nanoparticles, 6 
Markovian regime, 179- 180 
stochastic dynamical equations, 

free dynamics and canonical 

Garanin-Ishchenko-Panina model, 

linear couplings, 159- 169 

179- 180 

variables, 157- 159 

180-181 

fluctuating source properties, 

Hamiltonian notations, 160- 163 
spin-dynamics case, 163- 167 
spin-environment Hamiltonian, 

167- I69 

159- I60 
linear-plus-quadratic couplings, 

169- I74 
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Brown-Kubo-Hashitsume model: 
(corztiw4ed) 
fluctuating source statistical 

Hamiltonian notations, 170- 171 
spin-dynamics case. 17 I - 173 
spin-environment Hamiltonian, 

properties. 173 - 174 

169-170 
Markovian regime, 174- 179 

damping coefficients, 176 
Fokker-Planck equations, 

Langevin equations, 174- 176 
177-179 

phenomenological equations, 

spin environment interactions, 

summary. 18 1 - 182 

153-156 

156-157 

Brown's high-energy approximation: 
Fokker-Planck matrix calculations, 

asymptotic estimate vs. numerical 
calculations, 294-297 

nonaxial symmetry, 256-262 
analytic solutions, 263-265 
damping parameter and validity of, 

267 -268 

ferromagnetic particle relaxation, 
Brown's model. single-domain 

224-234 
high-energy-barrier approximation, 

low-energy-barrier approximation, 236 
236 - 244 

B/T superpositiorz of Ms. nanometric 
magnetic particle partition 
functions, magnetization, 5 1 

Canonical variables, 
Brown-Kubo-Hashitsume model, 
free dynamics. 157-159 

electrodynamics (QED). 
resonance energy transfer. 362 

(QED), resonance energy transfer, 
molecular dynamics in dielectric 
media. 390-400 

Casimir-Polder formula, quantum 

Causality, quantum electrodynamics 

Chain rules: 
Brown-Kubo-Hashitsume model, free 

dynamics, canonical variables, 
158-159 

one-dimensional king spin-lattice 
model, king chain formation, 
353-354 

electrodynamics (QED), 
resonance energy transfer, 

Condon factor, quantum electrodynamics 
(QED), resonance energy transfer: 

dielectric media, vibrational structure, 

excited molecule decay, 387-389 
Continued fractions techniques, Fokker- 

Collective emission, quantum 

359-361 

376-379 

Planck equation. dynamical 
properties, magnetoanisotropic 
nanoparticles, 99 

equation derivation, 1 1 1 - 1 13 

magnetoanisotropic nanoparticles, 
order of, 129- 130 

matrix calculations: 

Continuity equation, Fokker-Planck 

Convergence. dynamical properties, 

Correlation time (Tc), Fokker-Planck 

numerical computation of, 297-306 
results tables, 323-329 

quantum electrodynamics (QED), 
Coulomb interaction: 

resonance energy transfer, 
358-361 

radiative (polariton) bath, 364 
Coupled initial conditions, statistical 

properties, fluctuating magnetic 
field: 

linear couplings, 168-169 
linear-plus-quadratic couplings, 174 

CPU time requirements. Fokker-Planck 
matrix calculations: 

of, 306 
correlation times. numerical calculation 

future research applications. 306-307 
lowest eigenvalues, 283-285 
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Cubic anisotropy, Fokker-Planck matrix 
calculations and. 306-307 

Curie point: 
defined, 330 
in-phase linear 

dynamical susceptibility. magnetic 
nanoparticle dynamics, 92-94 

model. 338-340 
one-dimensional Ising spin-lattice 

Ising ring formation, 347-353 
statistical thermodynamics. 342--345 

magnetoanisotropic nanoparticles: 
Curie susceptibility law. 

linear susceptibility: 
axial anisotropy, random 

distribution. 63, 67 
isotropic regime, 61 

temperature dependence. 83-85 
nonlinear susceptibility. 76-77 

Current density, single-domain 

Brown's model, 228-229 
high-energy-barrier approximation, 

axial symmetry, 238-244 

ferromagnetic particle relaxation: 

Damping coefficient: 
Langevin equation, 174- 176 
magnetoanisotropic nanoparticles. 

Markovian regime. 176 
transverse response, 1 SO- IS3 

Dawson integral, Kummer functions and. 

Debye relaxation: 
in-phase linear 

185- I86 

dynamical susceptibility. magnetic 
nanoparticle dynamics. 91 -92 

low-frequency Shliomis-Stepanov 
model, magnetic nanoparticle 
dynamics, 87-88 

magnetoanisotropic nanoparticles, 
longitudinal response. 147- 1 SO 

rr/2 law, low-frequency Shliomis- 
Stepanov equation, 93-94 

single-domain ferromagnetic particles. 
22 1 

NCel relaxation model, 224 

Decay factor. quantum electrodynamics 
(QED), resonance energy transfer, 

dielectric media, vibrational structure, 
378-379 

spontaneous emission. excited 
molecule decay. 385-389 

Decoupling conditions, statistical 
properties, fluctuating magnetic 
field: 

360-361 

linear couplings, 167- 169 
linear-plus-quadratic couplings. 

Degenerate properties, defined, 330 
Degree of polarization, 

173-174 

magnetoanisotropic nanoparticles, 
partition function, field series 
expansion. 24-25 

magnetoanisotropic nanoparticles, 
classical spins, Landau-Lifshitz 
(-Gilbert) equation, 101-103 

dynamical properties. magneto- 
anisotropic nanoparticles, 100 

Deterministic dynamics, 

Deterministic Landau-Lifshitz equation, 

axially symmetric Hamiltonians. 

Dexter exchange interaction, quantum 
electrodynamics (QED), 
resonance energy transfer. 

103-104 

359-36 1 
Dielectric media: 

quantum electrodynamics (QED). 
resonance energy transfer: 

background, 359-361 
fluorescence depolarization range 

dependence, 379-383 
molecular dynamics, 389-400 

energy shifts, 392-396 
nonrate regime, 397-400 
rate description, 396-397 
time evolution of quantum 

spontaneous emission, 384-389 
transfer species vibrational structure. 

systems, 390-392 

376-379 
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Dielectric media: (continued) 
resonance dipole-dipole interaction 

retarded RDDI tensor analysis. 

tensor analysis, 372-376 
Dimensionless anisotropy, magneto- 

(RDDI): 

403 -406 

anisotropic nanoparticles, thermal 
equilibrium quantities, 42-43 

Dipole moments: 
defined, 330 
magnetoanisotropic nanoparticles, 

linear susceptibility, random 
distribution, 66-67 

Dirac delta functions: 
magnetoanisotropic nanoparticles: 

Gaussian stochastic process, 
108- 110 

partition functions in free energy: 
Ising regime, 19 
plane-rotator regime, 19-20 

longitudinal-field energy barriers, 

Markovian regime, phenomenological 

Shliomis-Stepanov model, 

89-91 

equations, I75 - 176 

orthogonal transformations, 
309-312 

Direct solution techniques, Fokker-Planck 
equation, dynamical properties, 
magnetoanisotropic nanoparticles, 
99 

Direction cosines, nonaxial symmetry, 

Discrete orientation: 
Brown’s high-energy approximation, 

nonaxial symmetry, 263-265 
defined, 330 
magnetoanisotropic nanoparticles, 

linear susceptibility, heuristic 
treatment, 88 

relaxation, 223-224 

axial symmetry, 238-244 

single-domain ferromagnetic particle 

high-energy-barrier approximation. 

NCel relaxation model, 223 

Dispersion relationships, resonance 
dipole-dipole interaction (RDDI): 

dielectric media, 372-376 
photonic bandgap crystals, 369-372 

Displacement field operator, quantum 
electrodynamics (QED). 
resonance energy transfer, 
40 1 -403 

Distribution of magnetization orientation, 
single-domain ferromagnetic 
particles, domain structure, 
219-220 

particles: 
Domains, single-domain ferromagnetic 

geometric structure, 21 6-220 
superparamagnetic effect, 212-213 

electrodynamics (QED), 
resonance energy transfer, transfer 
rates, 366-367 

anisotropic nanoparticles. 99- 153 

“Dressed“ photons, quantum 

Dynamical properties, magneto- 

heuristic approach, 85-99 
frozen magnetic fluid experiment, 

in-phase linear dynamical 
susceptibility, 91 -92 

linear dynamical response. 86-89 
low-frequency Shliomis-Stepanov 

stochastic theory, 6, 99-153, 182-183 
Brown-Kubo-Hashitsume model, 

107-128 
deterministic dynamics, classical 

spins, 101-107 
dynamics. 99- 153 
individual spin trajectories, 133- 138 
numerical method, I28 - 133 
spin ensemble dynamics, 138- 153 

96-99 

model, 88-96 

Easy-plane anisotropy: 
dynamical properties, 

magnetoanisotropic nanoparticles, 
numerical calculations, 128 

deterministic dynamics, 105- 106 
magnetoanisotropic nanoparticles: 
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linear susceptibility formulas, 70-71 
series expansion of magnetization. 

56-57 
Effective eigenvalue. single-domain 

ferromagnetic particle relaxation, 
Brown's model, 233-234 

Effective-mass approximations, 
resonance dipole-dipole 
interaction (RDDI), photonic 
bandgap crystals, 37 I -372 

Brown's high-energy approximation, 

Fokker-Planck equation: 

Eigenvalue calculations: 

nonaxial symmetry, 263-265 

dynamical properties, magneto- 
anisotropic nanoparticles. 99 

longitudinal relaxtion times, 

matrix computation: 

285-297 

123-125 

asymptotic estimates. comparison, 

correlation time calculations, 

lowest eigenvalue. 279-306 
297-306 

Sturm-Liouville problem. 1 19- I20 
integral relaxation time, 194 
magnetoanisotropic nanoparticles, 

transverse relaxation time. 
125-128 

intermediate-to-high damping 
(IHD) formula, 268-275 

single-domain ferromagnetic particles: 
Brown's model, 234 
low-energy-barrier approximation, 

nonaxially symmetric particles, 248 
results tables, 3 16-322 

EISPACK library, Fokker-Planck matrix 
calculations, 279 

Energy transfer (ET). See also resonance 
energy transfer 

Entropy, magnetoanisotropic 
nanoparticles, thermal equilibrium 
quantities, 41 -43 

nonaxial symmetry, 1's. 

236 

Equations of motion, nonlinear couplings, 

Equilibrium probability distribution, 
200-207 

magnetoanisotropic nanoparticles, 
partition function and free energy. 
14-1.5 

anisotropic nanoparticles, 6-8 
Equilibrium properties, magneto- 

Hamiltonians. 8- 13 
linear susceptibility, 61 -73 
longitudinal-field case, energy barriers, 

magnetization. 49-61 
nonlinear susceptibility, 73-85 
thermal (caloric) quantities, 41 -49 

Equilibrium transverse susceptibility, 

11-13 

magnetoanisotropic nanoparticles. 
spin ensemble dynamics, 
143-144 

Error functions, Kummer functions and, 
184-186 

Euler-type algorithms. dynamical 
properties, magnetoanisotropic 
nanoparticles, numerical 
calculations, 130- 132 

Excitation frequencies, quantum 
electrodynamics (QED), 
resonance energy transfer, 
molecular dynamics in dielectric 
media, 396-399 

Excited state molecules, quantum 
electrodynamics (QED), 
resonance energy transfer, 
spontaneous emission, excited 
molecule decay, 385-389 

Far-zone energy transfer, spontaneous 
emission, quantum 
electrodynamics (QED), 383-389 

excited molecule decay, 385-389 
research background, 383-385 

Fermi golden rule. quantum 
electrodynamics (QED), 
resonance energy transfer: 

spontaneous emission, 384-389 
transfer rates, 364-367 
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Ferrofluids, nanometric particle 

Ferromagnetic behavior: 
one-dimensional king spin-lattice 

model. 355-356 
single-domain ferromagnetic particles, 

relaxation mechanisms, 22 1-222 

Fokker-Planck matrix 
calculations, correlation times, 
numerical calculation of, 306 

magnetoanisotropic nanoparticles: 

magnetization, 49-50 

Field-cooled magnetization. 

Field series expansion: 

coefficients, alternative expressions, 

free energy expansion, 37-38 
Ising regime, 27-28 
isotropic regimes, 27 
longitudinal-field regime, 28 -29 
magnetization, low-field expansion, 

partition function, 23-29 
plane-rotator regime, 28 

24-25 

59-61 

resonance dipole-dipole interaction 
(RDDI). dielectric media, 

Finite-size spin systems, one-dimensional 
373-376 

Ising spin-lattice model: 
background, 337-340 
chain structure, 353-354 
ring structure, 345-353 
statistical thermodynamic5 of, 

temperature effects. 354-356 
Fluctuating magnetic field: 

dynamical response: 

340-345 

linear couplings, 164- 167 
linear-plus-quadratic couplings. 

173-174 
statistical properties, 167- 169 

Fluctuation-dissipation reactions: 
magnetoanisotropic nanoparticles. 

Brown-Kubo-Hashitsume model, 
107 

Markovian regime. phenomenological 
equations, 175 - 176 

statistical properties, fluctuating 
magnetic field, decoupling 
conditions, I68 

Fluorescence depolarization. quantum 
electrodynamics (QED), 
resonance energy transfer, range 
dependence, 379 - 383 

Brown-Kubo-Hashitsume model. 
Fokker-Planck equation: 

phenomenological properties, 
154-156 

Garanin-Ishchenko-Panina model, 18 1 
integral relaxation time formula: 

low-frequency dynamical 
susceptibility. 194 

perturbational solution in low 
sinusoidal field, 195 - 197 

magnetoanisotropic nanoparticles, 
dynamic properties: 

derivation of. I 10- 1 13 
It8 calculus, 109-110. 115-117 
longitudinal relaxation times. 

longitudinal response, 148- 150 
spherical coordinates, 1 17- 1 18 
stationary solution, 1 13- 1 I5 
stochastic approach using, 99- 100 
Sturm-Liouville expression, axial 

123-125 

symmetry, 118-120 
Markovian regime, 177- 179 
nonaxial symmetry: 

and. 275-277 
asymptotic expansion, field angles 

Brown’s high-energy approximation. 

IHD vs. LD formulas. 268-275 
Kramers low-damping and 

258-262 

transition-state results, 265-267 
numerical computation of matrix and 

lowest eigenvalue, 279-306 
asymptotic estimates. comparison. 

correlation time calculations, 
285-297 

297 -306 
single-domain ferromagnetic particles: 

axial symmetry solutions, 234-236 
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Brown’s model. 227-234 
future research issues, 307-308 
high-energy-barrier approximation, 

axial symmetry, 242-244 
matrix formulation, 249-252 
nonaxially symmetric particles. 

response function and initial 
244-248 

conditions, 252 - 256 
Forster theory of short-range energy 

transfer, quantum electrodynaniics 
(QED). resonance energy transfer. 
358 -36 1 

dielectric media, vibrational structure, 

excited molecule decay, 385-389 

quantum electrodynamics (QED). 

378-379 

Fourier integrals: 

resonance energy transfer. 
402-403 

single-domain ferromagnetic particle 
relaxation, Fokker-Planck 
equation, matrix formulation, 
149-252 

Free-diffusion. dynamical propertieh, 
magnetoanisotropic nanoparticles, 
averaging equations. magnetic 
moments, 122 

Free dynamics, Brown-Kubo-Hashitsume 
model, canonical variables, 
157-159 

Free energy distribution, magneto- 
anisotropic nanoparticles, I3 -12 

definitions. 13- 15 
king regime, 19 
isotropic case, 17 
limiting regimes, 16-22 
longitudinal field case, 20-22 
plane-rotor regime. 19-20 
series expansions, 35-40 

averages, 35-36 

powers of, 38-39 

aoisotropy, 40 

anisotropy axes, random distribution 

anisotropy parameter, expansion in 

asymptotic expansion for strong 

field expansions, 37-38 
logarithmic expansion, 35 

simple axially symmetric anisotropy 

zero-field case, 17- 19 
potential, 15- 16 

Frozen magnetic fluids, magnetic 
nanoparticle dynamics. heuristic 
approach, 96-99 

Gamma (factorial) functions: 
Kumnier functions and, 184- 186 
magnetoanisotropic nanoparticles: 

anisotropy axis, 36 
asymptotic expansion. partition 

function, 33-35 
magnetoanisotropic nanoparticles, 

partition function. field series 
expansion, 26-27 

Garanin-Ishchenko-Panina model: 
integral relaxation time, 197- 198 
Markovian regime, 180- 18 1 

quantum electrodynamics (QED), 
Gaussian properties: 

resonance energy transfer, 
fluorescence depolarization, 
382-383 

statistical properties, fluctuating 
magnetic field: 

linear decoupling conditions, 

linear-plus-quadratic decoupling 
167-168 

conditions, 173- 174 
Gaussian stochastic process: 

dynamical properties, 
magnetoanisotropic nanoparticles, 
implementation, 132- 133 

Fokker-Planck equation derivation, 
110-113 

magnetoanisotropic nanoparticles. 
108-1 10 

Gibbs canonical ensemble, single-domain 
ferromagnetic particles, domain 
structure, 2 19-220 

Gibbs free energy: 
defined, 330 
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Gibbs free energ: (cwhzued)  
single-domain ferromagnetic particle 

axial symmetry solutions. 234 
high-energy-barrier approximation, 

nonaxially symmetric particles. 

relaxation: 

236-244 

244-256 
Gilbert equation. 

See also Landau-Lifshitz-Gilbert 
equation 

Markovian regime, 179- 180 

magnetoanisotropic nanoparticles, 
deterministic dynamics. 
Landau-Lifshitz-Gilbert 
equation, 102- 103 

linear couplings, spin-dynamics 
case, 164- 167 

magnetoanisotropic nanoparticles, 
Brown-Kubo-Hashitsume model, 
107 

Brown-Kubo-Hashitsume model, 

dynamical properties, 

Markovian regime. 174- 179 
nonaxial symmetry, asymptotic 

expansion. 278-279 
single-domain ferromagnetic particle 

relaxation: 
Brown’s model, 226-234 
nonaxially symmetric particles, 

Gittleman-Abeles-Bozowski model, 

linear susceptibility. heuristic 

longitudinal response, 146- 150 
transverse response, 15 1 - 153 

quantum electrodynamics (QED), 

246-256 

magnetoanisotropic nanoparticles: 

treatment. 88 

Green function: 

resonance energy transfer, 
spontaneous emission, 384-385 

resonance dipole-dipole interaction 
(RDDI), dielectric media. 
372-376 

Gyromagnetic function: 
defined, 330 

Fokker-Planck matrix calculations, 
asymptotic estimate vs. numerical 
calculations, 286-297 

relaxation: 
single-domain ferromagnetic particle 

axial symmetry solutions, 235-244 
Brown’s model, 225. 230-234 
nonaxially symmetric particles. 

245-256 
Gyroscopic function. defined, 330 

Hamiltonian equations: 
Brown-Kubo-Hashitsume model: 

linear coupling, 160- 163 
linear-plus-quadratic coupling, 

magnetoanisotropic nanoparticles. 
170- I71 

8- 13 
dynamic properties. axially 

symmetric Hamiltonians, 
deterministic Landau - Lifshi tz 
equation, 103 - 104 

resonance energy transfer, 

molecular dynamics in dielectric 

radiative (polariton) bath, 363-364 
resonance dipole-dipole interaction 

(RDDI), vacuum calculations, 

quantum electrodynamics (QED), 

362-363 

media, 392-396 

367-369 
Heaviside function, quantum 

electrodynamics (QED), 
resonance energy transfer, 
molecular dynamics in dielectric 
media, 390-392 

electrodynamics (QED), 
resonance energy transfer, 
molecular dynamics in dielectric 
media, 396 

Brown-Kubo-Hashitsume model, 
phenomenological equations. 

Hegerfeldt theorem, quantum 

Heisenberg-type Hamiltonian, 

156- 157 
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Heitler-Ma method, quantum 
electrodynamics (QED), 
resonance energy transfer. 
molecular dynamics in dielectric 
media, 390-392 

Hermitian matrix, Fokker Planck 
equation, Sturm-Liouville 
problem, 120 

Kramers low-damping and 
transition-state results. 266-267 

magnetoanisotropic nanoparticles: 

Hessian matrix, nonaxial symmetry. 

Heun scheme. dynamical properties. 

numerical calculations, 130- 132 
spin ensemble response, 138- 153 
htochastic trajectories. individual spins, 

132-138 
Heuristics. magnetoanisotropic 

nanoparticle dynamics, 85 -86 
frozen magnetic fluid experiments. 

linear dynamical response, 86-88 
low-frequency Shliomis-Stepanov 

High-energy-barrier approximations: 

96-99 

model, 88-96 

Fokker-Planck matrix calculations. 
asymptotic estimate 1's. numerical 
calculations, 286-297 

low-frequency Shliomis-Stepanov 
equation, 96 

magnetoanisotropic nanoparticles. 
linear susceptibility, heuristic 
treatment. 88 

nonaxial symmetry, Brown's high- 
energy approximation, 256-267- 

single-domain ferromagnetic particles, 
axial symmetry solutions. 236 

ferromagnetic particle relaxation. 
Fokker-Planck equation, matrix 
formulation, 249-252 

interaction (RDDI), dielectric 
media, 373-376 

Hysteresis, defined, 330 

Hilbert space, single-domain 

Hopfield model, resonance dipole-dipole 

Imaginary infinitesimals, resonance 
dipole-dipole interaction (RDDI). 
vacuum calculations, 369 

Initial conditions, single-domain 
ferromagnetic particle relaxation. 
Fokker-Planck equation. 252-256 

In-phase linear dynamical susceptibility, 
magnetoanisotropic nanoparticles, 
9 1-92 

Integral relaxation time: 
Fokker-Planck equation, low sinusoidal 

Garanin-Ishchenko-Panina formula, 
field, 195- 197 

197-198 
isotropic regime, 198 
zero-field case, 198 

low-frequency dynamical 

magnetoanisotropic nanoparticles: 
susceptibility, 194 

Brown-Kubo Hashitsume model, 

longitudinal response, 146- 150 
Intermediate-to-high damping (IHD) 

formula. nonaxial symmetry: 

258-262 

267 -268 

124-125 

Brown's high-energy approximation, 

damping parameter and validity of, 

future research issues, 308 
Kramers low-damping and 

vs. low-density formulas, 268-275 
transition-state results, 265-267 

Inter-potential-well rotations. 
magnetoanisotropic nanoparticles: 

longitudinal response, 148- 150 
spin ensemble dynamics, 141 - 142 

Intra-potential-well relaxation modes, 
magnetoanisotropic nanoparticles, 
dynamic properties, longitudinal 
response, 148- 150 

finite-size spin systems, 

background, 337-340 
chain structure, 353-354 
ring structure, 345-353 

Ising model: 

one-dimensional model: 
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Ising model: (corztirzuecl) 

340-345 
statistical thermodynamics of, 

temperature effects, 354-356 
magnetoanisotropic nanoparticles: 

asymptotic expansion. partition 

dynamics, heuristic analysis, 97-98 
linear susceptibility, 6 I 
linear susceptibility, heuristic 

logitudinal-field energy barriers, 

magnetization, 50 

57-59 

function, 35 

treatment, 88 

21-22 

expansion for strong anisotropy. 

nonlinear susceptibility, 74, 82-85 
partition functions in free energy, 19 
series expansion. partition functions, 

27-28 

one-dimensional Ising spin-lattice 
model, statistical 
thermodynamics, 342-345 

Isothermal magnetic susceptibility, 

Isotropic regimes: 
integral relaxation time, 198 
magnetoanisotropic nanoparticles: 

deterministic dynamics, 105 
free energy partition functions, 17 
linear susceptibility, 61 
magnetization, 50 
nonlinear susceptibility. 74. 81 -85 
series expansion, partition functions, 

thermal equilibrium quantities, 
27 

43 -44 
single-domain ferromagnetic particles, 

domain structure, 2 18-220 

ferromagnetic particle relaxation, 
Brown’s model, 227-228 

magnetoanisotropic nanoparticles: 

Isserlis theorem. single-domain 

It6 calculus. dynatnical properties. 

Fokker-Planck equations. 115- I 17 
Langevin equations, 109- 110 
numerical calculations. 130- 132 

Kernel derivation, equations of motion, 

Klein-Kramers equation: 
nonlinear couplings, 205-7-07 

Brown’s high-energy approximation, 
nonaxial symmetry, 259-262 

Fokker-Planck matrix calculations, 
asymptotic estimate 1’s. numerical 
calculations, 294-297 

nonaxial symmetry: 

and, 276-277 

experimental observations. 

vs. intermediate-to-high damping 

asymptotic expansion. field angles 

asymptotic expansion 1’s. 

277-279 

(IHD) formula, 273-275 

low-frequency Shliomis-Stepanov 
equation, 93-94 

asymptotic expansion, 277-279 

Kramers-Kronig relations, ir/2 law, 

Kramers problem, nonaxial symmetry. 

Kramers theory: 
Fokker-Planck matrix calculations. 

asymptotic estimate L’S. numerical 
calculations. 294-297 

nonaxial symmetry: 
Brown’s high-energy approximation, 

damping parameter and validity of, 

17s. intermediate-to-high damping 

low-damping and transition-state 

single-domain ferromagnetic particle 

3-59-262 

267 -268 

(IHD) formula, 369-275 

results. 265-267 

relaxation. 244-256 

nanoparticles, Gaussian stochastic 
process, 108- 1 10 

Kronecker delta, magnetoanisotropic 

Kummer functions: 
definition. 184-186 
large negative argument, 188- 189 
magnetoanisotropic nanoparticles: 

anisotropy axis, 36 
asymptotic expansion. partition 

function. 33-35 
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linear susceptibility. Hatniltonian 

magnetization formulas. 53 
partition function, series expansion, 

formulas, 69 

24-27 
power series expansions, 187 

Lamb shift. quantum electrodynamics 
(QED). resonance energy transfer. 
molecular dynamics in dielectric 
media, 392-396 

Landau -Lifshitz equation: 
Brown-Kubo-Hashitsunie model. 

Markovian regime. 179- 180 
Garanin-Ishchenko-Panina model, 18 1 
linear couplings, spin-dynamics case. 

linear-plus-quadratic couplings, 

Markovian regime, 174- 179 
single-domain ferromagnetic particle 

relaxation. Brown's model. 

Landau-Lifshitz (-Gilbert) equation. See 
trl.co Deterministic 
Landau-Lifshitz equation; Gilbert 
equation; Stochastic 
Landau-Lifshitz equation 

magnetoanisotropic nanoparticles: 

165-167 

spin-dynamics case, 172 - I 73 

225-227 

dynamical properties, 

averaging equations, 121 - I22 
deterministic dynamics, 101 - 103 
dimensionless quantities, 128- 129 
Fokker-Planck equation derivation, 

integration of. 132- 133 
It6 calculus. Fokker-Planck 

equation. I 16- 1 17 
numerical calculations, 13 1 - I32 

I'S. heuristic models, 146- IS3 
spin ensemble response, 138- IS3  
stationary solution, Fokker-Planck 

equation derivation, 1 14- 1 I5 
stochastic approach. 99- 100 
stochastic tra,jectories, individual 

I 1 1 - 1  I3 

spins, 133-138 

Laiigevin-dynamics approach, Fokker- 
Planck equation. dynamical 
properties, magnetoanisotropic 
nanoparticles. 99 - 100 

asymptotic expansion, 308 
Brown-Kubo-Hashitsume model: 

linear couplings, 163, 165 - 167 
Markovian regime, 179- 180 
phenomenological properties, 

Langevin equation: 

154-157 

magnetoanisotropic nanoparticles: 
dynamical properties, 

dimensionless quantities, 129 
numerical schemes. 107- 110, 

stochastical forms. 99- 100 
Fokker-Planck equation: 

derivation, 1 10- I 13 
Markovian regime, I77 - I79 
stationary solution. 113- I15 

Garanin-Ishchenko-Panina model, 

magnetoanisotropic nanoparticles: 

13 1 - I32 

180-181 

linear susceptibility, Hamiltonian 
formulas. 69 

magnetization. 49-50 
isotropic regime, 50 
series expansions along axial 

parameters. 53-57 
partition functions in free 

reduced linear susceptibility. 63 
series expansion. partition function. 

30-33 
thermal equilibrium quantities. 

isotropic regimes, 43-44 

energy, 17 

Markovian regime, 174- 176 
nonaxial symmetry. Kramers 

low-damping and transition-state 
results. 266-267 

particles: 
single-domain ferromagnetic 

domain structure, 217-220 
Fokker-Planck equation response 

function. 256 
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Langevin equation: (cniztiiiuetl ) 
statistical properties, fluctuating 

magnetic field, coupled initial 
conditions, 169 

LAPACK library: 
DGESV equation solver. 297-306 
Fokker-Planck matrix calculations. 279 

correlation times, numerical 
calculation of, 297-306 
DGEEV subroutine. 283 

Laplace transform: 
single-domain ferromagnetic particle 

relaxation, Fokker-Planck 
equation response function, 

single-domain ferromagnetic particles, 
252-2.56 

nonaxially symmetric particles. 
247-256 

Legendre functions: 
magnetoanisotropic nanoparticles: 

linear susceptibility, Hamiltonian 

nonlinear susceptibility. 75 
quantum electrodynamics (QED). 

formulas. 68-69 

resonance energy transfer, 
fluorescence depolarization. 
381 -383 

single-domain ferromagnetic particle 
relaxation, 3 I3 -3 15 

Fokker-Planck equation, matrix 
formulation, 249-252 

high-energy-barrier approximation. 
axial symmetry, 242-744 

low-energy-barrier approximation. 
236 

Shliomis-Stepanov equation: 
Leibnitz formula, low-frequency 

blocking temperatures, 95 -96 
i r /2  law. 93-94 

Lennard-Jones potential, quantum 
electrodynamics (QED). 
resonance energy transfer. 367 

Levi-Civita symbol: 
Brown-Kubo-Hashitsume model. lrre 

dynamics, canonical variables. 
158-159 

magnetoanisotropic nanoparticles. 
Fokker-Planck derivation. 
1 1  1-113 

Limiting regimes, magnetoanisotropic 
nanoparticles, partition functions 
in free energy, 16-22 

Ising regime. 19 
isotropic case, 17 
longitudinal-field case, 21 -27 
plane-rotator regime, 19-20 
zero-field case. 17- 19 

Linear couplings, stochastic dynamical 
equations, 159- 169 

fluctuating source properties. 167- 169 
Hamiltonian notations, 160- 163 
spin-dynamics case, 163- 167 
spin-environment Hamiltonian. 

159- 160 

stochastic dynamical equations. 
Linear-plus-quadratic couplings, 

169-174 
fluctuating source statistical properties, 

Hamiltonian notations. 170- 171 
spin-dynamics case, 17 1 - 173 
spin-environment Hamiltonian. 

173- 174 

169- 170 

nanoparticles: 
Linear susceptibility, magnetoanisotropic 

approximate formulas. 70-72 
axially symmetric Hamiltonian 

formula, 67-69 
formulas for, 62-64 
heuristic treatment. 86-88 
in-phase susceptibility, 91 -92 
Ising regime, 61 
isotropic regime, 61 
longitudinal bias field formula, 7 1-72 
longitudinal field, 62 
out-of-phase dynamical susceptibility 

and energy-barrier distribution, 
89-91 

plane-rotator regime, 62 
probing-field magnetization derivative, 

64-66 
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randomly distributed anisotropy axes, 

series expansion of magnetization. 

spin ensemble dynamics, 142- 144 
strong-anisotropy range. 70-7 I 
temperature dependence. 72-73 
tensor structure, 66 
weak-anisotropy range, 70 

66-67 

55-57 

Local displacement field operator. 
quantum electrodynamics (QED), 
resonance energy transfer. 
40 1 -403 

Logarithmic expansion: 
magnetoanisotropic nanoparticles, 

thermal equilibrium quantities. 
41-43 

series expansions of free energy, 35 
London potential, quantum 

electrodynamics (QED). 
resonance energy transfer, 362 

Longitudinal bias, magnetoanisotropic 
nanoparticles: 

treatment, 87-88 
linear susceptibility. heuristic 

spin ensemble dynamics. 144- 145 
1’s. heuristic models, 146- 1.50 

Longitudinal energy barriers, magneto- 
anisotropic nanoparticles, I 1 - I3 

bias fields, 67. 7 1-72 
linear susceptibility. 62, 71 -72 
magnetization. 49-53 

axes, 55-57 
series expansion along anisotropy 

nonlinear susceptibility, 75 
partition function and free energy, 

series expansion, partition functions, 

Shliomis-Stepanov model: 

20 - 22 

28-29 

frozen magnetic fluid example, 

out-of-phase susceptibility, 89-0 1 
98-99 

spin ensemble clynamical responae. 

thermal equilibrium quantities, 46-49 
139-141 

Longitudinal relaxation times: 
Fokker-Planck matrix calculations, 

asymptotic estimate w. numerical 
calculations. 287 -289 

Brown-Kubo-Hashitsume model. 
magnetoanisotropic nanoparticles, 

123-125 
quantum electrodynamics (QED), 

resonance energy transfer: 

emission. 389 
excited molecule decay, spontaneous 

spontaneous emission. 384-385 
single-domain ferromagnetic particle 

relaxation: 
Brown’s model, 234 
high-energy-barrier approximation, 

axial symmetry, 240-244 

interaction (RDDI), dielectric 
media, 375-376 

electrodynamics (QED), 
resonance energy transfer, 
spontaneous emission, 384 

Low-damping formulas, nonaxial 
symmetry: 

Lorenz factor, resonance dipole-dipole 

Lossy dielectrics, quantum 

future research issues. 308 
transition-state results, 265-267 
validity of, 267-268 
1’s. intermediate-to-high damping 

(IHD) formula, 268-275 
Low-energy-barrier approximations, 

single-domain ferromagnetic 
particles, axial symmetry 
solutions, 236 

Lowest eigenvalue (A I ) calculations: 
Fokker-Planck matrix, 279-285 
numerical computation IS. asymptotic 

results tables, 316-322 
Low-frequency equations: 

magnetoanisotropic nanoparticles: 
linear susceptibility. heuristic 

Shlioniis-Stepanov model, 88-96 
transverse relaxation times, 199-200 

estimates, 285-297 

treatment, 87-88 
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MacLaurin series, one-dimensional Ising 
spin-lattice model, statistical 
thermodynamics, 343-345 

domain ferromagnetic particles. 
relaxation mechanisms, 223 

Magnetic dipole moment, defined, 330 
Magnetic energy: 

magnetoanisotropic nanoparticles, 

Hamiltonian expression, 9- 13 

Magnetic aftereffect behavior, single- 

10-13 

Magnetic field absorption coefficient, 
one-dimensional Ising spin-lattice 
model: 

Ising chain formation, 354 
statistical thermodynamics, 345 

Magnetic flux: 
defined, 331 
nanometric particle magnetization, 

49-50 

ferromagnetic particles. 
superparamagnetic effect, 

Magnetic hysteresis, single-domain 

214-216 
Magnetic moments: 

Brown-Kubo-Hashitsume model, 
phenomenological equations, 
154-156 

dynamical properties. 
magnetoanisotropic nanoparticles: 

averaging equations, 120- 122 
individual spin stochastic 

trajectories, 132- I38 
probing-field direction projection. 

137-138 
one-dimensional Ising spin-lattice 

model. statistical 
thermodynamics, 340-345 

Magnetic relaxation, magnetoanisotropic 
nanoparticles, linear suscepti- 
bility, heuristic treatment, 86-88 

Magnetization: 
magnetoanisotropic nanoparticles, 

49-61 
formula, 53 
Ising regime, 50 

isotropic regime, 50 
longitudinal-field regime. 5 1 -53 
plane-rotator regime, 5 1 
probing-field derivative. linear 

susceptibility, 64-66 
series expansions, 53-61 

anisotropy parameter, 53-57 
asymptotic expansion for strong 

low-field expansion, 59-61 
single-domain ferromagnetic particle 

relaxation, Fokker-Planck 
equation response function, 

Magnetization orientation, single-domain 

Brown's relaxation model, 229-234 
domain structure, 219-220 

dynamical properties: 

anisotropy, 57-59 

254-256 

ferromagnetic particles: 

MagnetoAnisotropic nanoparticles: 

heuristic approach, 85-99 
stochastic approach, 99- 153 

Hamiltonians, 8- 13 
linear susceptibility, 61 -73 
longitudinal-field case, energy 

barriers, 1 1 - 13 
magnetization, 49 -6 1 
nonlinear susceptibility, 73-85 
thermal (caloric) quantities, 41 -49 

equilibrium properties. 6-8 

glassy properties, 5 
partition function and free energy, 

13-22 
definitions, 13-15 
ising regime, 19 
isotropic case, 17 
limiting regimes. 16-22 
longitudinal field case, 20-22 
plane-rotor regime, 19-20 
simple axially symmetric anisotropy 

potential, 15- 16 
zero-field case, I7 - 19 
physical properties, 4-6 

Markovian regime: 
Brown-Kubo-Hashitsume model, 

179- 180 
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Garanin-Ishchenko-Panina model. 

phenomenological equations, 174- I79 
damping coefficients, 176 
Fokker-Planck equations, 177- 179 
Langevin equations. 174- 176 

180-181 

single-domain ferromagnetic particle 
relaxation, discrete-orientation 
model, 223-224 

Matrix elements, nonaxial symmetry, 
orthogonal transformations, 
309-312 

Maximum anisotropy field, nanometric 
magnetic particle Hamiltonian, 
11-13 

Maxwell-Boltzmann distribution: 
defined, 331 
nonaxial symmetry, Kramers 

low-damping and transition-stute 
results, 265-767 

single-domain ferromagnetic particles, 
nonaxially symmetric particles. 
247-256 

electrodynamics (QED), 
resonance energy transfer, 
spontaneous emission. 384-385 

magnetoanisotropic nanopanicles. 
dynamic properties, longitudinal 
response, 148- 150 

Molecular interactions, quantum 
electrodynamics (QED). 
resonance energy transfer: 

389 -400 

Maxwell equations. quantum 

Meier-Saupe potential. 

dielectric media, dynamics in. 

energy shifts, 392-396 
nonrate regime, 397-400 
rate description, 396-397 
time evolution of quantum systems. 

390-392 

Monte Carlo simulations: 
Hamiltonian equations, 362-363 

asymptotic expansion, 308 
dynamical properties. tnagneto- 

anisotropic nanoparticles, 99 

single-domain ferromagnetic particle 
relaxation, Fokker-Planck 
equation response function, 256 

Multiplicative fluctuation: 
dynamical properties. magneto- 

anisotropic nanoparticles, 
stochastic approach, 99 

Fokker-Planck equation derivation. 
111-113 

linear couplings, spin-dynamics case. 
166-167 

NCel relaxation time: 
dynamical properties, 

magnetoanisotropic nanoparticles: 
numerical calculations. 128 
spin ensemble, longitudinal 

response, 139 
Fokker-Planck matrix calculations: 

asymptotic estimate 1's. numerical 
computation. 285-297 

correlation time calculations. 

magnetoanisotropic nanoparticles: 
Fokker-Planck derivation. 1 13 
longitudinal relaxation times. 

297-306 

124-125 
nonaxial symmetry. Kramers 

low-damping and transition-state 
results, 266-267 

single-domain ferromagnetic particles. 
221,223-225 

discrete-orientation assumption, 223 
nonaxially symmetric particles. 

rigid-coupling assumption. 223 
245-256 

Nernst's theorem, magnetoanisotropic 
nanoparticles, thermal equilibrium 
quantities, isotropic regimes. 44 

Noise-induced drift coefficient, dynamical 
properties, magnetoanisotropic 
nanoparticles: 

averaging equations, magnetic 
moments, 121-122 
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Noise-induced drift coefficient, dynamical 
properties, magnetoanisotropic 
nanoparticles: (continued) 

Fokker-Planck equations, 115- 117 
Heun numerical calculations, 130- 132 

approximation formulas: 
Nonaxial symmetry: 

asymptotic formulas as function of 
field angle, 275-277 

asymptotic formulas 1’s. 
experimental observations, 
277-279 

Brown’s high-energy approximation, 
256-262 
analytic solutions, 263-265 

equation, 268-275 

transition-state results, 265-267 

parameter. 267-268 

IHD vs. LD formulas, Fokker-Planck 

Kramers low-damping and 

validity as function of damping 

defined, 331 
single-domain ferromagnetic particles, 

Nonequilibrium phenomena, nanometric 

Nonlinear coupling: 

domain structure, 220 

particles, 4 

Brown-Kubo-Hashitsume model, spin- 
environment Hamiltonians, 160 

reduced motion equations, 200-207 
Nonlinear susceptibility, magneto- 

anisotropic nanoparticles, 73 -85 
anisotropy axes, random distribution, 

approximate formulas, 80-8 1 
formulas, 75-79 
Ising regime, 74 
isotropic regime, 74 
longitudinal-field energy barriers, 75 
plane-rotator regime, 74 
reduced nonlinear susceptibility, 

signs of magnetization departure, 

temperature dependence, 81 -85 
zero-field averages. 79-80 

75-76 

76-77 

77-79 

Nonrate regimes, quantum 
electrodynamics (QED), 
resonance energy transfer, 
molecular dynamics in dielectric 
media, 397-400 

Nonvanishing eigenvalues: 
Fokker-Planck matrix calculations. 

asymptotic estimate 1’s. numerical 
calculations, 296-297 

intermediate-to-high damping 
(IHD) formula. 269-275 

nonaxial symmetry, IIS. 

Numerical calculations: 
dynamical properties, 

magnetoanisotropic nanoparticles: 
dimensionless quantities, 128 
dimensionless stochastic 

Landau-Lifshitz (-Gilbert) 
equation, 128 - 129 

Fokker-Planck equation, 99 
Landau-Lifshitz equation, 100 
stochastic equations, 128- 132 

Fokker-Planck matrix calculations: 
asymptotic estimate w., 285-297 

correlation time computation, 297 -306 

One-dimensional Ising spin-lattice model: 
background, 337 - 340 
chain structure, 353-354 
ring structure, 345-353 
statistical thermodynamics of, 

temperature effects, 354-356 
340-345 

Order-disorder transition temperature, 
one-dimensional Ising spin-lattice 
model, king ring formation, 
347-353 

Orthogonal transformation: 
Fokker-Planck matrix calculations, 

correlation times, numerical 
calculation of, 305-306 

nonaxial symmetry, 308-312 
orthogonal coordinate transformation, 

nonaxial symmetry, 310-312 

Brown-Kubo-Hashitsume model, 
Oscillator-bath representation, 
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phenomenological equations. 
156-157 

Out-of-phase susceptibility, 
magnetoanisotropic nanoparticles, 
Shliomis-Stepanov model, 
longitudinal-field energy barriers, 

Overbarrier rotation, magnetoanisotropic 

spin ensemble, longitudinal dynamical 

stochastic trajectories, individual spins, 

89-91 

nanoparticles, 4 

response, 139-141 

133-135 

magnetoanisotropic nanoparticles, 
transverse relaxation time. 
126- 128 

Overdamping phenomenon, 

Paleomagnetism, defined, 33 1 
Paramagnetism, defined, 33 1 
Partition function: 

magnetoanisotropic nanoparticles, 

anisotropy parameter, 29-32 
asymptotic expansion of. for strong 

definitions, 13 - 15 
field expansion of, 23-29 
ising regime, 19 
isotropic case, 17 
limiting regimes, 16-22 
longitudinal field case, 20-22 
plane-rotor regime, 19-20 
series expansions. 22-35 
simple axially symmetric anisotropy 

thermal equilibrium quantities, 

zero-field case, 17- 19 

13-22 

anisotropy, 32-35 

potential, 15- 16 

41 -43 

one-dimensional king spin-lattice 

Ising chain formation, 353-354 
king ring formation, 34.5-353 

magnetoanisotropic nanoparticles. 

model: 

Phase transitions: 

longitudinal response, 149- 1 50 

one-dimensional king spin-lattice 
model, 338-340 

Brown-Kubo-Hashitsume model, 
Phenomenological equations. 

153-156 
stochastic Gilbert equation, 153 
stochastic Landau-Lifshitz equation, 

153-156 
Photonic bandgap crystals: 

quantum electrodynamics (QED), 
resonance energy transfer, 

spontaneous emission, 384-389 
resonance dipole-dipole interaction 

360-361 

(RDDI), tensor analysis, 369-372 
Photon states: 

quantum electrodynamics (QED), 
resonance energy transfer: 

radiative (polariton) bath, 364 
transfer rates, 364-367 

resonance dipole-dipole interaction 
(RDDI), vacuum calculations, 
368-369 

n/2 law, low-frequency Shliomis- 
Stepanov equation, magneto- 
anisotropic nanoparticles, 92-94 

Plane-rotator regime: 
inagnetoanisotropic nanoparticles: 

linear susceptibility. 62 
nonlinear susceptibility, 74 

nanometric magnetic particle partition 
functions: 

free energy expansion, 19-20 
magnetization, 5 1 
series expansion, 28 

Pochhammer symbols: 
Kummer functions, 184- 186 
power series expansions, 187 

Poisson bracket, 
Brown-Kubo-Hashitsume model: 

free dynamics, canonical variables. 

linear couplings, 160- 163 
linear-plus-quadratic couplings, 

158-159 

171 - 173 
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Potential minima 
dynamics, magnetoanisotropic 
nanoparticles, 106- 107 

approximate formulas, 189- 190 
Kummer functions, 187 

Power series expansions: 

Precession, defined, 33 1 
Probability distribution, 

magnetoanisotropic nanoparticles. 
partition functions in free energy. 
zero-field regime. 17- 19 

Probing-field geometry: 
dynamical 

properties, magnetoanisotropic 
nanoparticles, magnetic moment 
projection, 137- 138 

magnetoanisotropic nanoparticles. spin 
ensemble dynamics, 141 -142 

magnetoanisotropic nanoparticles. 
linear susceptibility, 64-66 

Brown-Kubo-Hashitsume model. 
linear couplings, 162- 163 

Product rule, Poisson bracket, 

Quantum electrodynamics (QED), 
resonance energy transfer: 

dielectric medium, 376-383 
fluorescence depolarization range 

dependence, 379 - 383 
molecular dynamics, 389-400 
nonrate regime. 397-400 
rate description, 396-397 
resonance dipole-dipole interaction 

(RDDI) tensor, 372-376 
retarded resonance dipole-dipole 

interaction (RDDI) tensor, 
403 -406 

time evolution, 390-392 
vibrational structure, 376-379 

far-zone spontaneous emission, 
383-389 

excited molecular decay in absorbing 
medium, 385-389 

Hamiltonian formulation, 361 -363 
local displacement field operation, 

401 -403 

radiative (polariton) bath, 363 -364 
research background, 358-361 
resonance dipole-dipole interaction 

(RDDI) tensor, 367-376 
dielectric media, 372-376 
photonic bandgap structure, 

369-372 
retarded calculations, dielectric 

medium, 403 -406 
vacuum case, 367-369 

transfer rates, 364-367 
Quartic equations, Fokker-Planck matrix 

calculations, asymptotic estimate 
vs. numerical calculations, 286, 
292-297 

Radiationless energy transfer, quantum 
electrodynamics (QED), 358-359 

dielectric media, vibrational structure, 

fluorescence depolarization, 380-383 
378-379 

Radiative (polariton) bath. See Bath 
polari tons 

Rafkher-Shliomis formula, transverse 
dynamical susceptibility, 199 

Range dependence, quantum 
electrodynamics (QED). 
resonance energy transfer, 
fluorescence depolarization, 
379-383 

Real-cavity model. quantum 
electrodynamics (QED). 
resonance energy transfer, 
spontaneous emission, 384 

Recurrence relations: 
derivations of, 186- 187 
single-domain ferromagnetic particle 

Fokker-Planck equation, matrix 

Legendre functions, and spherical 

relaxation: 

formulation, 25 1-252 

harmonics, 313-315 
Reduced linear susceptibility, magneto- 

anisotropic nanoparticles, 63 -64 



Reduced nonlinear susceptibility, 
magnetoanisotropic nanoparticles, 
76-77 

relaxation 
Relaxation times. See also Debye 

formula derivation, 194-200 
integral relaxation time, 194- 198 
transverse relaxation time. 199-200 

Brown-Kubo-Hashitsume model, 
107, 123-128 

magnetoanisotropic nanoparticles. 

longitudinal relaxation, 123- 135 
transverse relaxation time, 125 - 128 

single-domain ferromagnetic particles: 
axial symmetry solutions, 234-236. 

234-244 
Brown's high-energy-barrier 

approximation. 236-244 
Brown's low-energy-barrier 

approximation, 236 
Brown's model, 224-234 
discrete-orientation model, 222-223 
domain structure, 216-220 
mechanisms, 220-222 
NCel model, 223-224 
superparamagnetic effect, 2 12-2 16 

Remanant magnetization: 
defined, 331 
single-domain ferromagnetic particles, 

superparamagnetic effect, 
214-216 

Representing matrix, nonaxial symmetry. 
orthogonal transformations. 
309-312 

Resonance dipole-dipole interaction 
(RDDI), quantum electrodynamics 
(QED), resonance energy transfer: 

radiative (polariton) bath, 364 
retarded tensor calculations, 403 -406 
tensor analysis, 367-376 

dielectric media, 372-376 
photonic bandgap structure, 

retarded calculations, dielectric 
369-372 

vacuum case, 367-369 
transfer rates, 366-367 

Resonance energy transfer, quantum 
electrodynamics (QED): 

dielectric medium, 376-383 
fluorescence depolarization range 

dependence, 379-383 
molecular dynamics, 389-400 
nonrate regime, 397-400 
rate description, 396-397 
resonance dipole-dipole interaction 

(RDDI) tensor, 372-376 
retarded resonance dipole-dipole 

interaction (RDDI) tensor, 
403-406 

time evolution, 390-392 
vibrational structure, 376-379 

far-zone spontaneous emission, 
383-389 

excited molecular decay in absorbing 
medium, 385-389 

Hamiltonian formulation, 36 1 -363 
local displacement field operation, 

radiative (polariton) bath, 363 -364 
research background, 358-361 
resonance dipole-dipole interaction 

(RDDI) tensor, 367-376 
dielectric media, 372-376 
photonic bandgap structure, 

retarded calculations, dielectric 
medium, 403-406 

vacuum case, 367-369 
transfer rates, 364-367 

Response function. single-domain 

40 1 -403 

369-372 

ferromagnetic particle relaxation, 
Fokker-Planck equation, 252-256 

Retarded dipole-dipole coupling. quantum 
electrodynamics (QED), 
resonance energy transfer, 
molecular dynamics in dielectric 
media, 392-396 

domain ferromagnetic particles, 
Rigid-coupling assumption, single- 
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1 

medium, 403-406 NCel relaxation kodel,'223 
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Saddle points, nonaxial symmetry: 
Brown’s high-energy approximation, 

vs. intermediate-to-high damping 

Schottky effect, magnetoanisotropic 

257 -262 

(IHD) formula, 273-275 

nanoparticles, zero-field regimes, 
46 

Brown-Kubo-Hashitsume model, 
phenomenological equations, 

Self-adjoint operator, Fokker Planck 

Second-rank tensor, 

155- 156 

equation, Sturm-Liouville 
problem, 119- 120 

nanoparticles: 

averages, 35-36 

powers of, 38-39 

Series expansions, magnetoanisotropic 

anisotropy axes, random distribution 

anisotropy parameter, expansion in 

field expansions, 37-38 
free energy, 35-40 
Kummer functions, 187- 189 

argument, 187- 188 
asymptotic formula, large positive 

power series, 187 
logarithmic expansion, 35 
low-field expansion of, 59-61 
magnetization, 53-61 

anisotropy power, expansion of 

asymptotic expansion for strong 
powers, 53-57 

anisotropy, 40, 57-59 
partition function, 22-35 

anisotropy parameter, 29-32 
asymptotic expansion for strong 

anisotropy, 32-35 
field expansion, 23 -29 

Shliomis-Stepanov equation, 
magnetoanisotropic nanoparticles: 

frozen magnetic fluids, 97-98 
linear susceptibility, heuristic 

treatment, 88, 183 
longitudinal response, 146- 150 
low-frequency model, 88-96 

blocking energies, energy-barrier 
distribution, 94-96 

in-phase linear dynamical 
susceptibility, 91 -92 

out-of-phase linear susceptibility, 
energy-barrier distribution, 89-9 1 

n/2 law, 92-94 
Single-domain ferromagnetic particles, 

axial symmetry solutions, 234-236 
Brown’s high-energy-barrier 

approximation, 236-244 
Brown’s low-energy-barrier 

approximation, 236 

relaxation times: 

Brown’s model, 224-234 
discrete-orientation model, 222-223 
domain structure, 216-220 
mechanisms, 220 - 222 
NCel model, 223-224 
nonaxially symmetric particles, 

magnetic response functions, 

matrix formulation, Fokker-Planck 

response function and initial 

244-256 

244-247 

equation, 249-252 

conditions, 252-256 
superparamagnetic effect, 212-216 

Spatial modulation, resonance 
dipole-dipole interaction (RDDI), 
photonic bandgap crystals, 

Specific heat at constant field, magneto- 
anisotropic nanoparticles, thermal 
equilibrium quantities, 42-43 

369-372 

longitudinal-field regimes, 47 -49 
zero-field regimes, 44-46 

Fokker-Planck equation, dynamical 
properties, magnetoanisotropic 
nanoparticles, 117- 118 

nonaxial symmetry, orthogonal 
transformation, 3 12 

single-domain ferromagnetic particles: 
Brown’s relaxation model, 230-234 
domain structure, 219-220 

Spherical coordinates: 
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Fokker-Planck equation: 
matrix formulation, 249-252 
response function, 252-256 

Legendre functions, 313-315 
Spin ensembles: 

dynamical response, 138- 153 
bias field absence, 139-144 
linear couplings, 163- 167 
linear-plus quadratic couplings, 

linear susceptibility I’S. heuristic 

in longitudinal bias field, 144- 146 
longitudinal response, 139- 141 
random distribution of anisotropy 

transverse response, 141 - 142 
one-dimensional lsing spin-lattice 

171-173 

models, 146-153 

axes, 142- 144 

model: 
background, 337 -340 
chain structure, 353-354 
ring structure, 345-353 
statistical thermodynamics of, 

temperature effects, 354-356 

Brown-Kubo-Hashitsume model: 
linear couplings, 159-160 
linear-plus-quadratic couplings. 

phenomenological equations, 

340-345 

Spin-environment Hamiltonians: 

169- 170 

156-157 

equations, 175- 176 

spin-lattice model, 
thermodynamics, 340-345 

Spontaneous emission. quantum 
electrodynamics (QED): 

far-zone energy transfer. 383 -389 
excited molecule decay. 385-389 
research background. 383-385 

resonance energy transfer, 359-36 1 
Spontaneous magnetization, single- 

domain ferromagnetic particles, 
domain structure, 218-220 

Markovian regime, phenomenological 

“Spin solids,” one-dimensional Ising 

Static case, single-domain ferromagnetic 
particle relaxation, Brown’s 
model, 232-234 

Stationary properties: 
Brown’s high-energy approximation. 

nonaxial symmetry, 257-262 
magnetoanisotropic nanoparticles. 

Fokker-Planck equation, 1 13 - 1 15 

magnetoanisotropic nanoparticles: 
Statistical-mechanical averaging, 

magnetization formulas, 53 
partition function and free energy, 

thermal equilibrium quantities, 41 -43 

linear couplings, fluctuating terms, 

one-dimensional Ising spin-lattice 
model, thermodynamics, 340-345 

Stern-Gerlach experiments, nanometric 
particle magnetization, 49-50 

Stochastic differential equation, magneto- 
anisotropic nanoparticles, Brown- 
Kubo-Hashitsume model, 107 

14- 15 

Statistical properties: 

167-169 

Stochastic Gilbert equation: 
Brown-Kubo-Hashitsume model, 

phenomenological properties, 
153-156 

magnetoanisotropic nanoparticles, 

Langevin dynamical equations, 
107- 128 

109-110 
Stochastic Landau-Lifshitz equation: 

Brown-Kubo-Hashitsume model, 
phenomenological properties, 
153-156 

dynamical properties. 
magnetoanisotropic nanoparticles, 
dimensionless quantities, 
128-129 

magnetoanisotropic nanoparticle 

averaging equations, 121 - 122 
Fokker-Planck derivation, 1 1 1 - 11 3 
numerical schemes, 13 1 - 132 

dynamics, 109- 110 
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Stochastic Landau-Lifshitz equation: 
(corztirz bled) 

equation, 114- 115 

nanoparticles, spin ensemble, 
longitudinal dynamical response, 
141 

Stochastic theory: 
defined, 331 
dynamical equations: 

stationary solution, Fokker-Planck 

Stochastic resonance, magnetoanisotropic 

Brown-Kubo-Hashitsume model, 

free dynamics and canonical 

Garanin-Ishchenko-Panina model, 

linear couplings, 159-169 

179-180 

variables, 157-159 

180-181 

fluctuating source properties, 

Hamiltonian notations, 160- 163 
spin-dynamics case, 163 - 167 
spin-environment Hamiltonian, 

167-169 

159-160 
linear-plus-quadratic couplings, 

169-174 
fluctuating source statistical 

Hamiltonian notations, 170- 171 
spin-dynamics case, 17 1 - 173 
spin-environment Hamiltonian, 

properties, 173- 174 

169- 170 
Markovian regime, 174- 179 

damping coefficients, 176 
Fokker-Planck equations, 

Langevin equations, 174- 176 
177-179 

phenomenological equations, 

spin environment interactions, 

summary, 18 1 - 183 
magnetoanisotropic nanoparticles, 6 

Brown-Kubo-Hashitsume model, 

153-156 

156-157 

107-128 

deterministic dynamics, classical 
spins, 101 - 107 

dynamics. 99- 153 
individual spin trajectories, 133- 138 
numerical method, 128-133 
spin ensemble dynamics, 138-153 

Stochastic trajectories, dynamical 
properties, magnetoanisotropic 
nanoparticles. 132- 133 

implementation. 132- 133 
individual spins, 133-138 

Stratonovich stochastic calculus: 
dynamical properties, magneto- 

anisotropic nanoparticles, 99 
Fokker-Planck equations, 115- 117 
Landau-Lifshitz (-Gilbert) 

Langevin equation. 109- 110 
numerical calculations, 130- 132 
stochastic trajectories, individual 

Fokker-Planck equation, Markovian 

Strong anisotropy, magnetoanisotropic 

equation, 100 

spins, 133 - 138 

regime, 177-179 

nanoparticles: 

function, 32-35 
magnetization expansion, 57-59 
series expansion, 40 

linear susceptibility formulas, 70-71 
nonlinear susceptibility formulas, 8 1 

axially symmetric Fokker-Planck 

integral relaxation time formula, 194 
magnetoanisotropic nanoparticles, 

dynamic properties, longitudinal 
relaxation times, 123- 125, 
147-150 

single-domain ferromagnetic particle 
relaxation, high-energy-barrier 
approximation, axial symmetry, 
241 -244 

properties, magnetoanisotropic 

asymptotic expansion, partition 

Sturm-Liouville equation: 

equation, 1 18 - 120 

Subtraction techniques, dynamical 
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nanoparticles, stochastic 
trajectories, 132- 133 

Summation indices, magnetoanisotropic 
nanoparticles, asymptotic 
expansion, partition function, 
34-35 

Superparamagnetism: 
magnetoanisotropic nanoparticles, 

equilibrium properties, 6-8 
nonaxial symmetry, asymptotic 

expansion, 277-279 
physical properties of, 4-6 
single-domain ferromagnetic particle 

relaxation times, 212-216, 223 
Symmetric anisotropy potential, 

magnetoanisotropic nanoparticles, 
partition function, 15- 16 

Taylor series: 
nonaxial symmetry: 

Brown’s high-energy approximation. 

vs. intermediate-to-high damping 
260-262 

(IHD) formula, 268-275 
power series expansions, 187 
single-domain ferromagnetic particle 

relaxation, high-energy-barrier 
approximation, axial symmetry, 
237-244 

Temperature dependence: 
magnetoanisotropic nanoparticles: 

linear susceptibility, 72-73 
nonlinear susceptibility, 77-79, 

reduced linear susceptibility, 63 -64 
stochastic trajectories, individual 

81-85 

spins, 135-137 

model: 
one-dimensional Ising spin-lattice 

Ising chain formation, 353-354 
Ising ring formation, 346-353 
phase transitions, 339-340 

Tensor structure: 
magnetoanisotropic nanoparticles, 

linear susceptibility, 66 

resonance dipole-dipole interaction 
(RDDI): 

dielectric media, 372-376 
photonic bandgap structure, 

retarded calculations, dielectric 

retarded RDDI, dielectric medium, 

vacuum calculations, 367-369 

369-372 

medium, 403 -406 

403 -406 

Thermal equilibrium: 
defined, 331 
magnetoanisotropic nanoparticles, 

6-8. 41-49. 182 
definitions, 41 -43 
isotropic case, 43-44 
longitudinal field case, 46-49 
spin ensemble dynamics, 142 
zero-field case, 44-46 

Thermodynamic quantities. See free 

Thermodynamics : 
energy; partition function 

magnetoanisotropic nanoparticles, 
thermal equilibrium quantities, 
41-43 

one-dimensional king spin-lattice 
model, 340-345 

Thermoremanant magnetization, 
Fokker-Planck matrix 
calculations, correlation times, 
numerical calculation of, 306 

resonance dipole-dipole 
interaction (RDDI), photonic 
bandgap crystals, 370-372 

Time evolution, quantum electrodynamics 
(QED), resonance energy transfer, 
molecular dynamics in dielectric 
media, 390-392 

Transfer rates, quantum electrodynamics 
(QED), resonance energy transfer, 

Time-energy uncertainty principle, 

364 -367 
Transition-state theory: 

nonaxial symmetry, Kramers 
low-damping and transition-state 
results, 266-267 
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Transition-state theory: (coritiriued) 
single-domain ferromagnetic particle 

relaxation, high-energy-barrier 
approximation, axial symmetry, 
237-244 

Transverse relaxation time: 
effective formulas, 199 -200 
magnetoanisotropic nanoparticles, 

Brown-Kubo Hashitsume model, 
125-128 

quantum electrodynamics (QED), 
resonance energy transfer: 

emission, 389 
excited molecule decay, spontaneous 

spontaneous emission, 384-385 
single-domain ferromagnetic particle 

relaxation, Brown’s model, 234 
Transverse response, magnetoanisotropic 

nanoparticles: 
spin ensemble dynamics, 131 - 142, 

146 
1’s. heuristic models, 150- 153 

Unaxial anisotropy, defined, 33 1 
Unit vector triad, nonaxial symmetry, 

orthogonal transformations, 
308-312 

Vacuum calculations: 
quantum electrodynamics (QED). 

resonance energy transfer, 
molecular dynamics in dielectric 
media, 395-396 

nonrate regimes, 398-400 
resonance dipole-dipole interaction 

(RDDI), 367-369 
Vacuum Rabi splitting, resonance 

dipole-dipole interaction (RDDI). 
photonic bandgap crystals. 372 

ferromagnetic particle relaxation, 
Legendre functions, and spherical 
harmonics. 3 15 

Vibrational structure, quantum 
electrodynamics (QED), 

Vector-addition rules, single-domain 

resonance energy transfer, 
dielectric media, 376-379 

electrodynamics (QED). 
resonance energy transfer. 
spontaneous emission, 384 

Virtual-cavity case, quantum 

Waldram variables, one-dimensional Ising 

Weak anisotropy, magnetoanisotropic 

asymptotic expansion of magnetization. 

linear susceptibility formulas. 70 
nonlinear susceptibility formulas, 80 
series expansion of magnetization, 

spin-lattice model. 354-356 

nanoparticles: 

59 

53-57 

properties, magnetoanisotropic 
nanoparticles, axially symmetric 
Hamiltonians, deterministic 
Landau-Lifshitz equation, 104 

Websites. www.netlib.no/netlib/lapack. 
279 

Weiss domains, single-domain 
ferromagnetic particles. 216 

Weiss mean-field theory, one-dimensional 
Ising spin-lattice model. research 
background. 338-340 

ferromagnetic particle relaxation, 
Legendre functions, and spherical 
harmonics, 3 15 

Weak-damping case. dynamical 

Wigner symbols, single-domain 

Zeeman energy: 
dynamical properties. 

magnetoanisotropic nanoparticles, 
axially symmetric Hamiltonians. 
deterministic Landau-Lifshitz 
equation, 104 

magnetoanisotropic nanoparticles: 
dynamic properties, longitudinal 

relaxation times, 123- 125 
thermal equilibrium quantities, 43 

longitudinal-field regimes, 49 



SUBJECT INDEX 445 

Zero-field-cooled magnetization: 
Fokker-Planck matrix calculations. 

correlation times. numerical 
calculation of, 306 

integral relaxation time, 198 
magnetoanisotropic nanoparticles: 

deterministic dynamics. 

free energy expansion, 17- 19 
nonlinear susceptibility, 

series expansion, 24-25 

105-106 

79-80 

thermal equilibrium quantities, 
34-46 

nonaxial symmetry: 
asymptotic expansion, 277-279 
future research issues, 308 

one-dimensional king spin-lattice 
model, statistical 
thermodynamics, 342-345 

electrodynamics (QED). 
resonance energy transfer, 
radiative (polariton) bath, 364 

Zero-point energy, quantum 




















