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Abstract
The intrinsic high frequency permeability spectra of ferromagnetic composites
containing different volume fractions of iron and cobalt have been simulated.
A law (called Mghan’s law) is proposed to explain the simulated results by
assuming that there are plenty of LLG (Landau-Lifshitz-Gilbert) type natural
resonances contributing to the intrinsic permeability spectra. The results clearly
show that the spectra strongly depend on the distribution of local effective mag-
netic field, the interaction between the magnetic particles, the inhomogeneous
damping constant of LLG precession, and the initial equilibrium states. Espe-
cially, the effect of particles shape distribution in each sampling on the local
effective magnetic field. In view of this fact: it is absolutely impossible to have
the same effect from these factors when someone prepares several measurement
samples, an uncertainty principle is believed to hold for measuring the intrinsic
permeability of an electromagnetic (EM) composite. Therefore, this law tells
us that it should be cautious when comparing or evaluating the EM properties
of composites (for instance, EM wave absorbing composites). Memory effect
can be used to restore the intrinsic high frequency permeability for a specific
defunct composite sample.
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Abstract
The intrinsic high frequency permeability spectra of ferromagnetic composites
containing different volume fractions of iron and cobalt have been simulated.
A law (called Mghan’s law) is proposed to explain the simulated results by as-
suming that numerous LLG (Landau-Lifshitz-Gilbert) type natural resonances
contribute to the intrinsic permeability spectra. The results clearly demon-
strate that the spectra strongly depend on the distribution of the local effective
magnetic field, the interaction between magnetic particles, the inhomogeneous
damping constant of LLG precession, and the initial equilibrium states. Particu-
larly noteworthy is the effect of particle shape distribution within each sampling
on the local effective magnetic field. Given this reality—it is absolutely impossi-
ble to achieve identical effects from these factors when preparing multiple mea-
surement samples—an uncertainty principle is believed to hold for measuring
the intrinsic permeability of electromagnetic (EM) composites. Therefore, this
law cautions that care must be exercised when comparing or evaluating the EM
properties of composites (for instance, EM wave absorbing composites). The
memory effect can be used to restore the intrinsic high frequency permeability
for a specific defunct composite sample.

Keywords: permeability; micromagnetics simulation; damping constant; nat-
ural resonance; permeability memory effect; Mghan’s law

1. Introduction
Understanding magnetic permeability (�) at high frequencies is critical for de-
veloping magnetic devices and materials that operate at high frequencies. Elec-
tromagnetic attenuation requires larger imaginary parts (�″) of complex perme-
ability to dissipate electromagnetic energy via substantial magnetic losses [1].
Conversely, planar magnetic inductors and microwave devices demand smaller
�″ values to minimize power losses [2]. It has also been proposed that the imag-
inary parts of permeability can become negative (�″ < 0) under the influence of
spin transfer torque [3].

Two well-known laws govern the relationships between permeability and ferro-
magnetic resonance frequency. The first is “Snoek’s law,” which describes the
inverse relationship between initial permeability and the loss peak of the perme-
ability spectrum [4]. The second is Acher’s law [5], a revised version of Snoek’s
law expressed as an integral of the product (�″ × f), stating that the integration
of a magnetic loss spectrum must be smaller than or equal to a constant (4𝜋M�,
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where M� is saturation magnetization). However, neither law explains the re-
lationship between the frequency dependence of intrinsic permeability and the
microstructures (including magnetic domain structures) of magnetic materials,
nor do they reveal the underlying physics governing the intrinsic permeability
of magnetic composites.

This limitation is particularly problematic for electromagnetic composites,
which contain numerous ferromagnetic particles (or ferrite particles) in un-
saturated states, with irregular shapes randomly distributed throughout the
matrix. These two laws cannot adequately explain the variation in intrinsic
permeability dispersion. Furthermore, many published papers claim excellent
electromagnetic properties for various composites, such as superior electro-
magnetic wave absorption characteristics. Can these “excellent” properties be
experimentally reproduced by other researchers? In other words, what is the
probability of replicating these results? Neither Snoek’s law nor Acher’s law
can address these questions. This paper delves into these critical issues.

In practice, it is frequently observed that the permeability spectrum (�″(f)) ex-
hibits a broad peak, especially for magnetic composites with inhomogeneous
magnetic and material microstructures [6,7]. Numerous effective medium laws
have been proposed to retrieve the intrinsic permeability spectra from compos-
ite data consisting of magnetic particles (commonly flakes) and non-magnetic
matrices (such as polymers) [6]. These approaches typically yield broad intrinsic
permeability spectra. Here, “intrinsic” permeability refers to the permeability
wholly attributed to magnetic materials, excluding dilution effects from the
non-magnetic matrix and eddy current effects. Several important questions re-
garding this intrinsic permeability remain unanswered: What factors determine
the dispersion behaviors of permeability—why do permeability values vary sig-
nificantly with frequency? What governs the shape of the spectrum? How do
interactions between magnetic particles impact the obtained intrinsic perme-
ability? We believe that the intrinsic permeability of magnetic components sig-
nificantly influences the measured effective permeability of composites. There-
fore, understanding the frequency dependence of intrinsic permeability is critical
and helpful for developing high-frequency magnetic devices and composites. To
address these questions, this paper employs a micromagnetics simulation tool
widely used in the magnetism community to study the intrinsic high frequency
permeability of a system containing two magnetic phases.

2. Simulation Backgrounds and Details
Micromagnetics is a continuum theory for studying both static magnetization
behaviors (hysteresis, magnetic domains) and dynamic responses of magnetiza-
tion. It describes magnetization on a length scale large enough to replace atomic
magnetic moments with a continuous function of position, yet small enough to
reveal transitions between magnetic domains. The micromagnetics simulations
are performed using a three-dimensional object-oriented micromagnetics frame-
work (OOMMF) by solving the Landau-Lifshitz-Gilbert (LLG) equation as a
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function of time [8-9]:

= −𝛾(𝑀⃗ × 𝐻⃗𝑒𝑓𝑓) + (𝑀⃗×)

—(1)

where M� is the saturation magnetization and H_{eff} is the effective field ac-
counting for exchange, demagnetization, anisotropy, and applied field terms. 𝛾
is the Gilbert gyromagnetic ratio (2.21 × 105 m/A・s), and 𝛼 is the damping
constant for magnetization precession.

In this work, the frequency dependence of permeability for a ferromagnetic plate
(400 nm × 200 nm × 20 nm, i.e., Length(L) × Width(w) × Thickness(T)) is
simulated following these procedures. First, the equilibrium configuration of
magnetization is acquired in the absence of an external applied magnetic field.
Second, a weak pulse magnetic field with the form h(t) = 100exp(-109t) (t in
s, h in A/m) is applied along the “z” axis (see Fig. 2 [Figure 2: see original
paper]). This pulse field is too weak to drive magnetic domain walls. The
temporal response of magnetization can be expressed as:

𝛿𝑀⃗(𝑟𝑖, 𝑡) = 𝑀⃗(𝑟𝑖, 𝑡) − ⃗𝑀0(𝑟𝑖, 𝑡) = 𝜒(𝑟𝑖, 𝑡)𝛿ℎ⃗(𝑡)

—(2)

The dynamic response of magnetization over the entire sample volume is
recorded. Both the pulse field and excited magnetization are then processed
using a fast Fourier transform (FFT) approach, after which the relative
permeability spectrum is calculated as follows:

𝜇′(𝑓) − 𝑗𝜇″(𝑓) = 1+ = 1 + 𝜒′(𝑓) − 𝑗𝜒″(𝑓)

—(3)

𝜇′(𝑓) = 1 + 𝜒′(𝑓)

—(4)

𝜇″(𝑓) = 𝜒″(𝑓)

—(5)

where f is frequency, m(f) and h(f) are the frequency-domain expressions for M
and the pulse field (h) after FFT treatment, respectively; �′ refers to the real
parts of susceptibility and �″ denotes the imaginary parts.
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The default parameters in OOMMF for the Co phase are used in our simulations:
saturation magnetization (M�) is 14 × 105 A/m, exchange stiffness constant (A)
is 30 × 10−12 J/m, and anisotropy constant (K1) is 5.2 × 105 J/m3. For the Fe
phase, M� is 17 × 105 A/m, A is 21 × 10−12 J/m, and K1 is 4.7 × 104 J/m3.
For all simulations, the object is discretized into many tetrahedrons with a cell
size of 2.5 nm × 2.5 nm × 2.5 nm.

The analytical solutions of �′(f) and �″(f) for natural resonance from the LLG
equation can be expressed as follows [10], where “𝜔” is the angular frequency
(𝜔 = 2𝜋f):

𝜇′ = 1 + [𝑀𝛾2𝐻0(𝛾2𝐻2
0 − 𝜔2) + 2𝜔2𝛼2]

𝛼𝜔(𝛾2𝐻2
0 + 𝜔2)

— (6)

𝐷 = (𝛾2𝐻2
0 − 𝜔2)2 + 4𝜔2𝛼2

—(7)

In these equations, H0 can be expressed as follows, which approximately equals
H_{eff} since 𝛼 (0.5 used in this paper) is much smaller than (𝛾M). f_r is the
resonance frequency of one LLG natural resonance:

2𝜋𝑓𝑟/𝛾 = 𝐻𝑒𝑓𝑓(1 + 𝛾2𝑀2)1/2 ≈ 𝐻𝑒𝑓𝑓

—(8)

3. Results and Discussions
3.1. Intrinsic High Frequency Permeability of Two Magnetic Phases

In our simulations, a nanostructured magnetic system with two magnetic phases
of different volume fractions is constructed using the “Voronoi diagram” method
[11]. As shown in Fig. 1 [Figure 1: see original paper], the Fe and Co nanopar-
ticles inside a ferromagnetic plate (simulation object) are randomly oriented
and irregularly shaped, resembling the microstructures of actual magnetic com-
posites such as thin films prepared by co-deposition techniques. The volume
fractions of the iron phase are 90.37% and 62.49% in Fig. 1a and 1b, respec-
tively.

The initial spontaneously magnetized states for cases with both phases coexist-
ing and for cases with only one Fe phase (or only Co phase) are compared, as
shown in Figs. 2, 3, and 5. In Fig. 2, the magnetization distributions in each
composite sample are inhomogeneous, clearly indicated by the colors and direc-
tions of arrows. The equilibrium direction of a magnetization vector depends
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on the local effective magnetic field (H_{eff}), suggesting that H_{eff} values
within the sample are different and exhibit a wide distribution.

This inhomogeneity is believed to influence the frequency dependence of rela-
tive permeability (referred to as “permeability dispersion” in this work). For
some applications (e.g., planar magnetic inductors) [12], magnetic materials are
magnetized to saturation to align almost all magnetization in the same direc-
tion. In this case, the permeability dispersion spectrum shows a sharp shape
with high �′ values (real parts of complex permeability), and particularly low
�″ values (ac magnetic losses), which is one of the technically essential require-
ments. Narrow magnetic loss spectra �″(f) with loss peaks far from the working
frequency are necessary for many electromagnetic devices. Conversely, some ap-
plications require large high-frequency magnetic losses, such as electromagnetic
noise suppressors [13,14]. In these applications, magnetic composites contain
numerous magnetic particles that are usually not magnetized to saturation,
existing instead in their spontaneously magnetized states—similar to the condi-
tions shown in Fig. 2. The random orientation of local magnetizations implies a
wide distribution of local effective fields, resulting in spread-out high-frequency
permeability spectra, as will be demonstrated.

To elucidate the law governing the intrinsic high frequency permeability of mag-
netic materials—especially those with two ferromagnetic phases and many ir-
regularly shaped particles—we decompose the composite plate into two parts
in subsequent separate simulations without changing the original particle posi-
tions. This decomposition resembles jigsaw puzzles and is crucial for eliminating
effects from altered particle positions and size distributions. It is critical that
this prerequisite be followed; otherwise, the composite would not be identical,
rendering the discussions meaningless. The equilibrium magnetization configu-
rations of only the Fe phase in composites with different volume fractions are
illustrated in Fig. 3, where empty zones represent the original locations of
cobalt particles (where Co phase: A = 0; M� = 0; K = 0). Subsequently, the
permeability spectra of each phase are simulated separately for composites with
different volume fractions, as shown in Fig. 4 [Figure 4: see original paper]
(Fe phase only) and Fig. 6 [Figure 6: see original paper] (Co phase only). In
both cases, the permeability spectra exhibit spreading behavior. For most elec-
tromagnetic applications (including this work), the microwave magnetic field is
too weak to drive domain walls, eliminating any contribution from domain wall
resonance mechanisms (typically with f_r_{DW} in MHz). Natural resonance
is the sole mechanism, as shown in the LLG equation (1). However, the LLG
equation describes the behavior of natural resonance for only a single magne-
tization vector. LLG natural resonance also applies to magnetic materials in
a magnetized saturation state (single domain), where saturated magnetization
can be treated as one “macrospin” [12]. Nevertheless, electromagnetic compos-
ites contain many magnetic fillers that are not in a saturated state, and their
permeability dispersion spectra generally resemble those shown in Fig. 4 [7].

We assume that the observed broad spectra result from the coexistence of many
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LLG natural resonances. For any given initial equilibrium magnetized state
(1, 2, 3…), a generalized law (called Mghan’s law) is proposed: summing the
permeability dispersion spectrum of each LLG resonance yields the observed
spectra. Suppose the magnetic material is in one magnetic equilibrium state
“s”:

𝜇(𝑓) = (∑ 𝑤𝑖 × 𝜇(𝑓𝑟, 𝛼)𝑖) + 𝜀

—(10)

𝑓𝑟(𝑖) = 𝛾𝐻𝑒(𝑖)

—(11)

𝐻⃗𝑒(𝑖) = 𝐻⃗𝑘(𝑖) + 𝐻⃗𝑠(𝑖)

—(12)

𝐻𝑠(𝑖) = 2𝐾𝑠(𝑖)

—(13)

𝐾𝑠(𝑖) = 𝜇0 × Δ𝑁𝑖 × 𝑀2
𝑠

—(14)

where w_i is the weight of one LLG natural resonance (i) among all resonances
(n). ΔN is the demagnetization factor difference between the hard axis and easy
axis. Each LLG resonance has a specific permeability dispersion < �(f,𝛼)i > with
a resonance frequency f_r(i) and a specific damping constant 𝛼i. H_e(i) is the lo-
cal effective anisotropic field. Since composites contain many irregular particles
(such as flakes), ΔN follows a lognormal distribution, and consequently, H_e(i)
and f_r(i) values also follow this distribution according to the above equations.
� is an error term due to interactions between magnetic phases and nonuniform
damping constants, which will be discussed shortly. From an engineering per-
spective with initial spontaneously magnetized states, special attention should
be paid to the distributions of H_k and H_s. H_k strongly depends on ma-
terial selection (i.e., compositions), while H_s strongly depends on fabrication
techniques (such as ball milling, thin film deposition, microwire drawing). The
distribution of H_s (and thus �(f) spectra) can be controlled by using sieves
to regulate the lognormal distribution parameters (such as “mode,” “median,”
“mean,” or “standard deviation”) of ΔN for a batch of magnetic powder. If
attempting to control permeability spectra by controlling remanence states (dis-
cussed later), the distribution of H{ex} also plays an important role and should
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be included in Eq. (12). The mathematical expression for the H{ex} distribu-
tion is very complex but can be mapped by FFT techniques, as evidenced in
our published paper [15].

For a single LLG natural resonance, the resonance frequency (f_r) of the Fe
phase is calculated to be 1.58 GHz if only the magnetocrystalline anisotropic
field (H_k) is considered (H_k = 2k/(�0M�)). Taking into account the aspect
ratio (L/T) of Fe particles, the shape anisotropic constant (K_s) can be ex-
pressed as: K_s = 0.5 × �0 × ΔN × M�2. ΔN is approximately 0.5 for Fe
particles in the composites. The f_r value becomes 31.0 GHz when simultane-
ously considering both magnetocrystalline and shape anisotropic fields (H_s):
(H_e = H_k + H_s). This value of 31.0 GHz corresponds approximately to
the peak frequencies simulated and shown in Fig. 4.

The results for composites containing only cobalt particles are presented next.
The equilibrium magnetization states of the Co phase are illustrated in Fig. 5,
where empty areas (with Fe phase set to: A = 0; M� = 0; K = 0) represent the
locations of Fe particles in the original nanocomposites from Fig. 2. A similar in-
homogeneous distribution of magnetization vectors indicates an inhomogeneous
distribution of local effective magnetic field. The permeability spectra are also
expected to spread out, as simulated and shown in Fig. 6. The shape of these
permeability spectra can be explained using the proposed Mghan’s law in Equa-
tions 10-14. If only H_k is considered, a typical LLG natural resonance would
have an f_r value of 20.8 GHz. If both H_k and H_s are considered, f_r should
be 45.4 GHz, which does not appear in Fig. 6a. According to Mghan’s law, both
H_s and H_{ex} have wide distributions that result in a broad distribution of
f_r values [15]. When Fe particles are absent and no longer interact with Co
particles (Fig. 5), the initial magnetized states of Co particles change signifi-
cantly. Consequently, the distributions of H_s and H_{ex} values are greatly
affected, which critically determines the resulting spectra. A simulated intrin-
sic permeability spectrum in this work represents a weighted average of many
LLG-type natural resonances. Furthermore, by controlling remanence states or
particle shape distribution (ΔN), we can easily control the distribution of H_e
and thus the permeability spectra [15].

When both Co and Fe nanoparticles coexist (see Fig. 2) and their microwave
permeability spectra are simulated, the results are shown in Fig. 7 [Figure
7: see original paper] and marked as (�′(AB), �″(AB)). Additionally, spectra
marked “(A+B)” indicate simple addition of the permeability spectra for Fe
and Co phases from Fig. 4 and Fig. 6. When the Co volume fraction is much
smaller, the difference between the “(AB)” spectra and “(A+B)” spectra is not
significant. However, when the volume fractions of Fe and Co are comparable,
the discrepancy between the “(AB)” and “(A+B)” spectra becomes obvious, as
shown in Fig. 7b. This is believed to result from stronger interactions among
Fe and Co particles in Fig. 1b.

Such interaction scenarios universally exist in electromagnetic composites and
can strongly affect static magnetic parameters such as coercivity and rema-
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nence. In our previous work on Fe nanowire array permeability spectra, we
showed that when the spacing between nanowires is sufficiently small, local-
ized nanowires exhibit different coercive fields, indicating strong interactions
between nano-entities [16]. What more can we learn from this finding? Suppose
we have an unchanged particle distribution (exactly identical particles) and a
fixed volume fraction for either Fe or Co particles in their spontaneously magne-
tized states (i.e., unsaturated). Each time, we simply mix these same particles
differently and measure the permeability spectra of the composites. Since it is
absolutely impossible to ensure that the surroundings of each particle remain
unchanged across these composites, the magnetic particle interactions will in-
evitably differ. Moreover, variable particle distributions in each sampling from
a batch of powder will lead to unexpected spectral shapes. Therefore, we can
claim that it is impossible to experimentally reproduce permeability spectra. A
typical application of electromagnetic materials involves developing electromag-
netic wave absorbing composites containing randomly oriented particles. For
this application, absorbing properties critically depend on permeability spec-
tra. Based on the above discussion of unexpected permeability spectra, it is
reasonable to believe that the measured performance of electromagnetic wave
absorbing composites is uncertain. We propose naming this the “Uncertainty
Principle.” It should be noted that when evaluating whether a specific magnetic
material is suitable for electromagnetic wave absorption, judgments cannot be
based on just a few measurements. Instead, numerous measurements (i.e., sta-
tistical sampling) are needed to determine the probability of obtaining “good”
properties.

Furthermore, if we also consider variations in particle distribution across dif-
ferent measurement samples containing the same magnetic fillers—even when
these fillers were prepared under identical conditions (typically ball milling)—
the above viewpoint regarding the uncertainty of permeability spectra becomes
even more compelling. Although many mixing laws exist for studying composite
permeability spectra, they ignore the fact that the “uncertainty” demonstrated
in this paper exists from sample to sample, including statistical distributions of
particle shapes (average, standard deviation, median, mode), particle agglomer-
ation, and initial magnetization configuration patterns.

3.2. Effect of Damping Constants

For a single LLG natural resonance, the damping constant (𝛼) determines how
quickly magnetization (M) returns to its equilibrium position during preces-
sion and is positively related to the magnitude of high-frequency magnetic loss.
However, when numerous LLG natural resonances exist in a material, the term
“damping constant” becomes misleading. The intrinsic origins of 𝛼 include spin-
orbit coupling and scattering by magnetic impurities. The intrinsic 𝛼 is NOT
constant; it is space-dependent and strongly related to nonuniform precessions
(as demonstrated in this work) [17-20]. Additionally, microstructural inhomo-
geneity gives rise to a distribution of damping constants (known as extrinsic 𝛼)
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[21-23]. However, only a single damping constant is used in the LLG equation,
which does not reflect reality. Here, simulations demonstrate the impact of
different damping constants on high-frequency permeability spectra, as shown
in Fig. 8 [Figure 8: see original paper]. First, the composite with two phases
(Fe: volume fraction = 90.37% and Co: volume fraction = 9.63%) is assumed
to have a homogeneous damping constant (𝛼 = 0.5). The composite spectra are
simulated and marked with “(AB).” Second, each phase’s spectrum is separately
simulated with different damping constants (for example, Fe: 𝛼 = 0.3; Co: 𝛼
= 0.7) and added to obtain the composite permeability spectra (marked with
“A+B”). The poor agreement between the “AB” and “A+B” spectra indicates
that inhomogeneous damping constants matter significantly.

Additionally, with advances in modern magnetism, particularly spintronics, it
has been found that the damping behavior of LLG natural resonance can be af-
fected by spin transfer torque (STT). We have reported that the imaginary parts
of permeability can become negative (�″ < 0) under STT effects [3]. Moreover,
microwave magnetic losses can be suppressed or enhanced by STT through its
influence on the effective damping constant. Accordingly, permeability spectra
can also be actively controlled by STT effects [24].

3.3. Effect of Remanent States (Memory Effect)

In practice, the high-frequency properties of electromagnetic composites con-
taining magnetic fillers often deteriorate due to decay of their magnetic prop-
erties. The equilibrium magnetized states (such as those discussed above) are
easily affected by external magnetic fields or temperature fluctuations, mak-
ing permeability spectra unstable. Can we recover these spectra? Technically,
this is feasible if we remagnetize the materials to reestablish the original re-
manent state. Here, we demonstrate the dependence of permeability spectra
on remanent states. First, we magnetize the composite (Fe: vol. 62.49%; Co:
vol. 37.51%) along the “x” axis with different maximum magnetic fields (see
points A, B, and C where A = 50 mT, B = 80 mT, and C = 20 mT) starting
from the initial fully demagnetized state (“O” point in Fig. 9a [Figure 9: see
original paper]). Second, the magnetizing field is slowly reduced to zero, leaving
the sample in different remanent states (see points A′ and B′). The composite
is identical to that in Fig. 2b but with slightly different initial magnetization
states. The dynamic permeability spectra are simulated as before. We find that
identical remanent states produce identical permeability spectra. For instance,
different maximum magnetizing fields (A and C) yielding the same remanent
state (A′) produce identical dynamic permeability spectra. We term this phe-
nomenon the “Memory Effect.” The term “memory” signifies that reestablishing
the remanent state causes the permeability spectra to reappear as if from the
magnetic material’s memory. The vectorial magnetization distributions of these
remanent states are obviously different, as shown in Fig. 9(b, c, d). Different
remanent states (O, A′, and B′) give rise to different permeability spectra, as
shown in Fig. 10 [Figure 10: see original paper]. Since the difference between
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remanent states “O” and A′ is not dramatic, their permeability spectra are
similar. However, the spectra for state B′ and state O are distinct. These re-
sults imply that any factor strongly influencing a sample’s remanent state will
produce different dynamic magnetic responses. Therefore, when comparing re-
sults for identical materials from different research groups, we must consider
that their remanent states might differ. Note that the frequency axis uses a
logarithmic scale in Fig. 10. The differences in permeability spectra between
Fig. 10a and Fig. 7b (see spectra labeled “AB”) arise from their different initial
magnetization configurations, despite being the exact same composites.

Interestingly, the well-known Snoek’s law does not hold in Fig. 10a and 10c.
Snoek’s law states that the loss peak frequency (f_r) is inversely proportional
to initial permeability (�_i), meaning the loss peak frequency can be increased
only at the expense of permeability, and vice versa. By controlling remanent
states, the distribution of H_e components (i.e., H_d, H_{ex}) can be changed
[15], thereby significantly altering the permeability spectra.

4. Conclusions
The intrinsic high frequency permeability spectra of composites containing dif-
ferent volume fractions of Fe and Co particles have been simulated. A law (called
“Mghan’s law”) is proposed to explain the spreading of permeability spectra. It
is believed that the local effective magnetic field, magnetic particle interactions,
inhomogeneous damping constants, and initial remanent states strongly impact
the spectra. The numerous LLG natural resonances arise from inhomogeneous
local magnetic fields. An uncertainty principle is believed to hold for the electro-
magnetic properties (such as EM wave absorption) of composites using magnetic
particles as functional fillers. The memory effect of permeability is also reported.
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