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The polarized light transmittance of magnetic fluids under longitudinal magnetic field (parallels the propagation direction of
the incident light) is simulated theoretically. The investigated samples are with different reduced thickness (d/λ) in a wide range.
Theoretical simulations reveal that the sample reduced thickness has a significant influence on the polarized light transmittance.
The thin and thick samples have distinctly different dependence of polarized light transmittance on magnetic field strength. Based
on the reduced-thickness- and magnetic-field-dependent polarized light transmittance, several magnetic-fluid-based photonic
devices are proposed and discussed.

1. Introduction

Magnetic fluids as optical functional materials have attracted
much attention recently. The promising prospect in optical
applications and photonic devices is disclosed through
versatile experimental results in the laboratory. For example,
Ge et al. have experimentally realized the magnetic-field-
responsive photonic crystals by magnetically induced col-
loidal assembly within magnetic fluids [1–3]. Zhang et al.
have observed the magnetic field modulation of light
transmission through binary magnetic fluid films [4]. The
magnetic-field-dependent light transmittance is one of the
important optical properties of magnetic fluids, which is
usually employed to design some photonic devices and
should be investigated in depth. This work will focus on the
transmittance of polarized light passing through magnetic
fluids under longitudinal magnetic field.

The longitudinal magnetic field means that the magnetic
field parallels the propagation direction of the incident
light. For the longitudinal magnetic field configuration, the
magnetic-field-dependent optical transmittance of magnetic
fluids is chiefly assigned to the column/chain formation of
magnetic particles along the magnetic field direction and
the related geometric shadowing effect [5–8]. If the polar-
ized light is applied for the longitudinal magnetic field

configuration, Faraday rotation and geometric shadowing
effect will happen simultaneously. In our previous work,
we have disclosed that several parameters may influence the
magnetic-field-dependent optical transmittance of magnetic
fluids due to hybrid effects of Faraday rotation and geometric
shadowing [9]. But only the thin samples with small values
of reduced thickness (d/λ, where d is the thickness of the
magnetic fluids and λ is the wavelength of the incident
light in vacuum) have been considered in that work. In this
work, the magnetic-field-dependent optical transmittance of
magnetic fluids samples with reduced thickness in a wide
range has been investigated. The results in this work may be
helpful for designing several polarized optical devices based
on magnetic fluids and can give guidelines for improving
their quality.

2. Formulism

For an oil-based ferrite magnetic fluid with saturation
magnetization of 100 Oe, viscosity of 9 mPa·s, and average
particle diameter of 10 nm, the longitudinal magnetic-field-
induced transmitted power of polarized light due to hybrid
effects of Faraday rotation and geometric shadowing is given
by (the polarization direction of the analyzer is set 45◦ with
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respect to that of the incident light to obtain the maximum
sensitivity) [9]

P
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where H is the externally magnetic field strength, t is the
transmittivity of the analyzer, εxy is the off-diagonal term of
the dielectric tensor of the magnetic fluids, Q = εsolid/εliquid

and D = (εsolid − εliquid)/(εsolid + εliquid). εsolid and εliquid

are the dielectric constants of the particle aggregation and
the remanent liquid phase within the magnetic fluids, res-
pectively. L(ξ) = coth(ξ) − 1/ξ and L(ξ′) = coth(ξ′) − 1/ξ′.
ξ = μ0V0MdH/(kT) and ξ′ = μ0(βN0)sV0MdL(ξ)(H +
Hw)/(kT). μ0 is the permeability in vacuum. Md is the
saturation magnetization of the magnetic nanoparticles. β is
a constant of the order of unity (β < 1) [10],N0 is the number
of magnetic nanoparticles in the particle aggregation, V0(=
4πr3/3) and r are the volume and radius of the single
magnetic nanoparticle, respectively. Hw is the Weiss internal
field representing the interparticle interactions. k is the
Boltzmann constant and T is the absolute temperature of the
magnetic fluids. ϕ′ = ϕ′sL(ξ) and βN0 = (βN0)sL(ξ). ϕ′s and
(βN0)s are the saturated values of ϕ′ and βN0, respectively. ϕ′

is the volume concentration of particle aggregation.

3. Results and Discussion

To understand the reduced-thickness-dependent polarized
light transmittance of the aforementioned magnetic fluid
under longitudinal magnetic field, numerical simulations
based on (1) are done. For the calculations, the following
reasonable values of the concerned parameters are taken:
εxy=0.1 [11]; ϕ′s=φ, where φ=Ms/Md is the volume fraction
of the magnetic nanoparticles within the magnetic fluid and
Ms is the saturation magnetization of the magnetic fluid; r =
5 nm, Ms = 7.96 × 103 A/m and Md = 4.46 × 105 A/m [12];
εsolid = 4.5 and εliquid = 2.56 [13]; (βN0)s ≈ πR2d/(4πr3/3) =
3 × 108 (close to 3 × 108 particles per aggregation), where
R = 0.5μm is the radius of the aggregated column [14].
T = 295 K (room temperature) and Hw = 200 Oe [13, 15].

Figure 1 shows the polarized light transmittance with the
strength of externally applied magnetic field for magnetic
fluid samples with reduced thickness d/λ in a wide range.
From Figure 1, we can see that the transmitted power in-
creases with magnetic field monotonously for thin magnetic
fluid samples (d/λ = 3.16, 31.6, 316, and 900). This
monotonic increase of transmitted power with magnetic field
is due to the small Faraday rotation angle θ for thin samples,
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Figure 1: The polarized light transmittance as a function of exter-
nally applied magnetic field H for magnetic fluid samples with dif-
ferent reduced thickness d/λ.

where the value of θ is less than 45◦. Numerical calculations
indicate that oscillating transmitted power with magnetic
field starts to happen when the value of d/λ is larger than 900.
Figure 1 depicts this kind of oscillating phenomenon for two
thick magnetic fluid samples (d/λ = 3160 and 31600), which
demonstrates that strong oscillation occurs for the thicker
sample (d/λ = 31600). The oscillating phenomenon of the
transmitted power with magnetic field is assigned to the large
Faraday rotation angle θ for thick samples, where the value
of θ may exceed 45◦ (or 90◦, 135◦, 180◦, 225◦, etc.). The
transmitted power peaks and valleys correspond to Faraday
rotation angle θ = 45◦ + n · 180◦ and θ = 135◦ + n · 180◦

(n = 0, 1, 2, 3, . . .), respectively.
To further understand the reduced-thickness-dependent

polarized light transmittance for thin samples, Figure 2
plots the polarized light transmittance with the strength
of externally applied magnetic field for five thin samples
with different reduced thickness (d/λ = 150, 300, 450,
600, and 750). Figure 2 shows that the transmitted power
increases fast with magnetic field until 500 Oe and tends to
saturate beyond 500 Oe. This is assigned to the magnetic-
field-dependent agglomeration of magnetic nanoparticles
within the magnetic fluids. At low field regime, the degree
of agglomeration of magnetic nanoparticles within the
magnetic fluids increases with the strength of magnetic
field. While at high field regime, the agglomeration of
magnetic nanoparticles within the magnetic fluids tends to
saturate and fewer magnetic nanoparticles will take part in
agglomeration with the further augment of magnetic field.
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Figure 2: The polarized light transmittance as a function of
externally applied magnetic field for five thin samples with different
reduced thickness d/λ.

In addition, the sensitivity of the transmitted power with
respect to the externally applied magnetic field is high for
sample with large value of d/λ, especially in the low field
region. The transmitted power increases with the sample
reduced thickness under fixed externally applied magnetic
field. The variation of polarized light transmittance with
the sample reduced thickness under several fixed magnetic
fields (H = 250, 500, 1000, and 2000 Oe) is extracted from
Figure 2 and replotted in Figure 3. From Figure 3, we can
see that the transmitted power increases with the sample
reduced thickness linearly under fixed magnetic field. For
a certain sample (fixed reduced thickness), the transmitted
power increases with the strength of the externally applied
magnetic field. Besides, the rate of increase of transmitted
power with the externally applied magnetic field decreases
with the strength of magnetic field.

To further understand the reduced-thickness-dependent
polarized light transmittance for thick samples, Figure 4
plots the polarized light transmittance with the strength of
externally applied magnetic field for five thick samples with
different reduced thickness (d/λ = 3160, 4160, 5160, 6160,
and 7160). Figure 4 reveals that the degree of oscillation
of the transmitted power with externally applied magnetic
field increases with the value of d/λ, that is, thicker sample
have stronger oscillation of the transmitted power with
externally applied magnetic field. The strength of magnetic
field where the minimum or (first or second) maximum
transmitted power takes place decreases with the sample
reduced thickness. Moreover, the value of the first or second
maximum transmitted power decreases with the sample
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Figure 3: The polarized light transmittance as a function of sample
reduced thickness d/λ under several fixed magnetic fields H .
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Figure 4: The polarized light transmittance as a function of
externally applied magnetic field for five thick samples with
different reduced thickness d/λ.

reduced thickness. For a sample with fixed reduced thickness,
the value of the second maximum transmitted power is
larger than that of the first maximum transmitted power.
To further understand the oscillation of transmitted power
with externally applied magnetic field, Figures 5 and 6 give
the simulation results of transmitted power with respect
to the externally applied magnetic field for samples with
very large reduced thickness (d/λ = 31600, 61600, 121600,
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Figure 5: The polarized light transmittance as a function of externally applied magnetic field for samples with reduced thickness d/λ =
31600, 61600, and 121600.
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Figure 6: The polarized light transmittance as a function of externally applied magnetic field for a sample with reduced thickness d/λ =
316000. The right panel is the enlarged plot of the left panel under low magnetic field (H = 0–600 Oe).
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and 316000). From Figures 5 and 6, we can clearly see
the increasing degree of oscillation of transmitted power
with externally applied magnetic field as the sample reduced
thickness augments. When the externally applied magnetic
field is smaller than 500 Oe, the higher the order of the
transmitted power peak is, the larger the value of the trans-
mitted power peak will be. While when the externally applied
magnetic field is beyond 500 Oe, every transmitted power
peak almost has the same value. The distance between the
neighboring transmitted power peaks is not constant, but
increases when the order of the transmitted power peak
grows.

The aforementioned results about the reduced-thickness-
dependent polarized light transmittance can be employed
to design several magnetic-fluid-based photonic devices
operating at longitudinal magnetic field configuration, such
as optical attenuator, optical switch, and light modulator.
Concretely, the properties of the polarized light transmit-
tance of thin reduced thickness samples are very favorable
for designing the tunable optical attenuators. The tuning
range and sensitivity of the corresponding attenuators can
be adjusted by changing the sample reduced thickness or
working magnetic field region. The properties of the polari-
zed light transmittance of thick reduced thickness samples
are very favorable for designing light modulator, especially
when the working magnetic field is larger than 500 Oe.

4. Conclusions

In summary, the transmittance of polarized light passing
through magnetic fluid samples with different reduced
thickness (d/λ) are simulated when considering both the geo-
metric shadowing and Faraday rotation effects. Simulation
results show that the polarized light transmittance of thin
samples (d/λ < 900) increase monotonously with magnetic
field for certain sample (fixed value of d/λ). They also in-
crease monotonously with sample reduced thickness under
fixed magnetic field. The oscillation of transmitted power
with regard to magnetic field is observed for thick samples
(d/λ > 900) and the degree of oscillation increases with
sample reduced thickness. The results of this work may be
helpful for designing some photonic devices or tunable
photonic devices, such as optical attenuator, light modulator,
and optical switch. The performance of the corresponding
photonic devices can be improved by choosing the appropri-
ate parameters, that is, sample reduced thickness and work-
ing magnetic field region.
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