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Dirac points, new photonic band gaps, and effect of magnetically induced transparency in dichroic
cholesteric liquid crystals with wavelength-dependent magneto-optical activity parameter
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We investigated the properties of cholesteric liquid crystals (CLCs) being in an external static magnetic field
directed along the helix axis. We considered a dichroic CLC, that is, CLC with parameters Re� = Reε1−Reε2

2 = 0
and Im� = Imε1−Imε2

2 �= 0, where ε1,2 are the principal values of the local dielectric permittivity tensor. We have
shown that in the case of the wavelength dependence of the magneto-optic activity parameter, new features
appear in the optics of dichroic CLCs, in particular, in this case new Dirac points appear. Dirac points are
points where there is an intersection of any two wave vector curves (they degenerate) and a linear law of the
wave vector dependence on the frequency near these points. And moreover, at some Dirac points photonic band
gaps (PBGs) appear; at others, lines of magnetically induced transparency (MIT), that is, a full transmission
band appears, in an absorbing medium. In this case a polarization-sensitive transmission band appears too. At
certain values of the helix pitch of the CLC and of the magnitude of the external magnetic field, three PBGs of
different nature appear: a transmittance band, two narrow lines of MIT, and at others a broadband MIT, etc. This
system is nonreciprocal, and the nonreciprocity changes over a wide range. It is observed both for reflection and
transmittance and for absorption. The soft-matter nature of CLCs and their response to external influences lead
to easily tunable multifunctional devices that can find a variety of applications. They can be applied as tunable
narrow-band or broadband filters and mirrors, a highly tunable broad/narrow-band coherent perfect absorber,
transmitter, ideal optical diode, and in other devices.
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I. INTRODUCTION

Starting from pioneering papers by Yablonovich [1] and
John [2], photonic crystals (PCs) are objects of intensive the-
oretical and experimental research, because the results of such
investigations are finding more and more applications in pho-
tonic devices of the new generation. Some PCs exhibit novel
mechanisms of some classical quantum effects, such as Bloch
oscillations (oscillations of electrons within the Brillouin zone
induced by an applied electric field) [1], Zener tunneling (the
direct tunneling of a Bloch particle into a continuum of an-
other energy band, which takes place without extra energy in
the presence of a large electric field in the crystal) [2], electro-
magnetically induced transparency (EIT, which is a quantum
interference effect in three-level atomic systems that elimi-
nates the absorption at the resonance frequency and gives rise
to a narrow transparency window) [3,4], electromagnetically
induced absorption (EIA, which is the counterphenomenon
of invoking constructive interference between multiple inter-
action pathways to enhance or induce absorption) [5], etc.
In particular, some nanostructures in external magnetic fields
or nanostructures with strong magnetic dipole interactions
exhibit a narrow transparency window, and some others en-
hance or induce absorption. These new phenomena are called
magnetically induced transparency (MIT) and magnetically
induced absorption (MIA), respectively [6–15]. Magneto-
optics of cholesteric liquid crystals (CLCs) is of particular
interest. In this respect, they are also interesting because the

exact analytical solution of Maxwell’s equation is known for
the CLCs with magneto-optic activity (see [16]) and, con-
sequently, clear and simple analytical formulas for the MIT
and MIA frequencies can be obtained. The papers [16–26]
present the results of a theoretical and experimental study of
the magneto-optical properties of CLCs. Then, in the papers
[27–30] the existence of MIT and MIA was demonstrated in
the short-wavelength part of the spectrum in CLCs in the ex-
ternal magnetic field both at the presence and absence of local
dielectric anisotropy. In [31] the observation of Dirac points
in CLCs was reported, both in the presence of an external
magnetic field and in its absence. It was shown that the MIT
and MIA phenomena are observed exactly at the Dirac points.

However, all the works [16–31] deal with the case when the
parameter of magneto-optical activity g is constant and is in-
dependent of wavelength. It was shown in [32] that in the case
of the wavelength dependence of the magneto-optical activity
parameter in the short-wavelength spectrum, no MIT effect
nor MIA effect is observed. And now there is a natural ques-
tion about the existence of these effects. These effects are to be
expected because, as shown in [19], in the presence of an ex-
ternal magnetic field directed along the helix axis, two of the
four wave vectors km(λ) (m = 1, 2, 3, 4) are shifted upwards
parallel to the axis km = 0 and the other two downwards.
This means that for certain values of the medium’s parameters
and the external magnetic field, the wave vector curves may
intersect and Dirac points may appear. Below we show that
in the general case not only is their intersection possible
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but also their practically exact coincidence in a quite wide
frequency interval and the appearance of a Dirac line instead
of a Dirac point. In this paper we analytically investigated
the peculiarities of Dirac points and the unique properties
of media near the Dirac points, and we investigated specific
properties of the MIT effect in CLC in the limiting case
in the absence of local birefringence and presence of local
anisotropy of absorption, that is when Re� = Reε1−Reε2

2 = 0
and Im� = Imε1−Imε2

2 �= 0, where ε1,2 are the principal values
of the local dielectric permittivity tensor. So we consider the
case of dichroic CLC. In this paper we show the existence of
new regions of the photonic band gaps (PBGs) and the Dirac
points, and our consideration of this limiting case allows us to
obtain simple analytical formulas for both for the boundaries
of these PBGs and for the wavelengths of Dirac points, which
with some accuracy can also be applied in the general case at
Re� �= 0. Let us note that these formulas in the more general
case of Re� �= 0 have more complex forms. This work is a
sequential continuation of a number of already published arti-
cles [19–23,27–32] devoted to the magneto-optics of CLCs.
Let us note that some features of the optical properties of

dichroic CLCs are considered in detail in [33–35]. Moreover,
the external magnetic field can also directly affect the local
components of the dielectric tensor, being a new mechanism
of local dielectric anisotropy, but since it is quadratic with
respect to the external field effect, we can initially neglect it.
Then the external magnetic field distorts the CLC structure,
but since we are considering the case of CLC without local
magnetic anisotropy, we can neglect this effect as well. Alter-
natively, at the end of the Conclusion section, we consider the
case of CLC with local dielectric anisotropy and consider the
effect of an external magnetic field on the pitch of the CLC
helix and on the principal values of the components of the
dielectric tensor.

II. MODELS AND METHODOLOGY. RESULTS

If the CLC is in an external magnetic field directed along
the helix axis and the medium has a magneto-optical activity,
then the tensors of dielectric permittivity and magnetic per-
meability will have the forms

ε̂(z) = εm

⎛
⎝ 1 + δcos2az ±δsin2az ± ig/εm 0

±δsin2az ∓ ig/εm 1 − δcos2az 0
0 0 1 − δ

⎞
⎠, and μ̂(z) = Î, (1)

where g is the parameter of magneto-optical activity of CLC,
and it, in general, is a function of the external magnetic
field, Verdet constant, and dielectric permittivity of media;
εm = (ε1 + ε2)/2, δ = (ε1−ε2 )

(ε1+ε2 ) , a = 2π/p, where p is the pitch
of the helix, and the axis z and external magnetic field are
directed along the CLC helix axis. We take the dependence of
g on wavelength as follows (see Appendix):

g = V Bextλ

π

√√√√∣∣∣∣∣ε −
(

V Bextλ

2π

)2
∣∣∣∣∣, (2)

where V is the Verdet constant, and Bext is the external mag-
netic field induction.

The dispersion equation now has the form(
ω2

c2
ε1 − k2

mz − a2

)(
ω2

c2
ε2 − k2

mz − a2

)

−
(

2akmz − ω2

c2
g

)2

= 0. (3)

As mentioned above, we will consider the limiting case,
namely, the case of CLC in the absence of local birefrin-
gence, when Re� = Reε1−Reε2

2 = 0 and Im� = Imε1−Imε2
2 �=

0, that is, we consider the case ε1,2 = ε + iε”
1,2, where ε is the

real part of the components of the dielectric constant tensor,
which is assumed to be the same for all components. In this
case Eq. (3) splits into two quadratic equations that have roots
in the form

k1z = ω

c

√
ε − g + a, k2z = ω

c

√
ε + g − a, (4)

k3z = −ω

c

√
ε − g + a, k4z = −ω

c

√
ε + g − a. (5)

Figure 1 shows the dependence of g on wavelength λ. The
function g(λ) has two zeros on the wavelengths, λ1 = 0 and
λ2 = 2π

V Bext

√
ε, and passes across local maximum on the wave-

length λ3 = π
V Bext

√
2ε.

Substituting λ3= π
V Bext

√
2ε into (2) for g at the wavelength

λ3, we will have g = ε. From (4) it follows that at this wave-
length we will have k1z = k3z, that is, they degenerate. Taking
into account the approximately linear dependence of kiz onto
frequency ω near the wavelength λ3, here at the wavelength λ3

we have the Dirac point, and here the touching of the vertices
of the Dirac cones takes place. We now investigate the optical
properties of dichroic CLCs near these points.

Figure 2 shows the dependences of real and imaginary
parts of wave vectors kiz on wavelength λ. As can be
seen from these graphs, there is one more characteristic

FIG. 1. The dependence of g on wavelength λ. The parameters
are ε = 2.25, V = const = 5 × 105 rad/(T m), Bext = 40 T.
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FIG. 2. The dependences of (a) real and (b) imaginary parts of
wave vectors kiz on wavelength λ: p = 1000 nm, Imε1 = 0.01, and
Imε2 = 0. The other parameters are the same as in Fig. 1.

wavelength, namely, λ4, where the intersection of curves
Rek2z(λ) and Rek3z(λ) occurs, that is, now, at this wavelength,
k2z and k3z degenerate. Again, taking into account the ap-
proximately linear dependence of kiz on frequency ω near
the wavelength λ4, here at wavelength λ4 again we have the
Dirac point. By equating k2z to k3z from (4) and taking into
account (2) we obtain the expression for the wavelength for
this Dirac point: λ4 = 2π p

√
ε

4π2+V 2 B2
ext p2 . At the presence of

anisotropic absorption (Reε1 = Reε2 = ε, but Imε1 �= Imε2)
a PBG is formed here, which exists also at the absence of
external magnetic field.

Now, using the exact analytical solution of the Maxwell’s
equations for magnetoactive CLC [16] and the dispersion
equation (3), we can solve the problem of light reflection,
transmission, and absorption in the case of a planar mag-
netoactive CLC layer of finite thickness. We assume that
the optical axis of this CLC layer is perpendicular to the
boundaries of the layer and is directed along the z axis.
The CLC layer has a border on both sides with isotropic
half-spaces with the same refractive indices equal to ns.
The boundary conditions, consisting of the continuity of the
tangential components of the electric and magnetic fields,
are a system of eight linear equations with eight unknowns
(for more detail see [16]). Solving this boundary-value prob-
lem, one can determine the values of the reflected Er and
transmitted Et fields and calculate the energy coefficient of
reflection R = |Er|2

|Ei|2 , transmission T = |Er|2
|Ei|2 , and absorption

A = 1 − (R + T ), where Ei is the incident light field. Here
and below we consider the case of minimal influence of di-
electric boundaries, that is, the case ns = √

εm.

Figure 3 shows the spectra of reflection R (curves 1 and
2), transmission T (curves 3 and 4), and absorption A (curves
5 and 6) at different directions of external magnetic field.
The incident light has polarization coinciding with the first
eigenpolarization (EP) (curves 1,3,5) and with the second
EP (curves 2, 4,6). In Fig. 3(a) the directions of the incident
light and the external magnetic field coincide, and in Fig. 3(b)

FIG. 3. The spectra of reflection R (curves 1 and 2), transmission
T (curves 3 and 4), and absorption A (curves 5 and 6) at different
directions of external magnetic field. The incident light has polariza-
tion coinciding with the first EP (curves 1, 3, 5) and with the second
EP (curves 2, 4, 6). (a) The directions of the incident light and the
external magnetic field coincide and (b) they are oppositely directed.
CLC layer thickness d = 50p. The other parameters are the same as
in Fig. 2.

they are oppositely directed. By definition, the EPs are the
two polarizations of incident light that do not change as the
light passes through the system. These two EPs for dichroic
CLC approximately coincide with orthogonal circular polar-
izations. Some discrepancy arises only near the wavelength
λ2. The helix of our CLC is right-handed. Let us now enumer-
ate the EPs in the following way. We will assume that the first
EP is the EP that approximately coincides with the right-hand
circular polarization while the second EP coincides with the
left-hand one.

As can be seen from Fig. 3, in the Dirac point at the
wavelength λ4, diffraction reflection undergoes light with a
polarization coinciding with the first EP. This PBG exists
also at the absence of external magnetic field, and in this
case λ4 = p

√
ε. At the presence of local birefringence there

arises a PBG with a finite frequency width with �λ = p�n =
p(

√
Reε1 − √

Reε2). Once again, let us note that the PBG
arising in this case is determined by the structure of the
CLC, i.e., the chirality sign of the polarization of the incident
diffracting light is determined only by the chirality sign of the
CLC helix. We call this PBG the first (or basic) PBG.

A new PBG is formed in the Dirac point near the wave-
length λ3. We call this PBG the second PBG. This new PBG
is sensitive to the polarization of the incident light too. The
chirality sign of the polarization of the incident diffracting
light for the first PBG is determined only by the chirality sign
of the CLC helix, while for the second one it is determined
by the external magnetic field direction (i.e., on whether the
directions of the external magnetic field and the incident light
are parallel, or they are antiparallel). In the first case, the
diffraction reflection undergoes the light with the second EP,
and in the second case, the light with the first EP.

Near the wavelength λ2 a transmission band is formed
for incident light with a certain polarization. And as for the
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FIG. 4. The spectra of reflection, transmission, and absorption at different values of helix pitch. The incident light has polarization
coinciding with the first EP (R1, T1, A1) and with the second EP (R2, T2, A2). In (a, c, e, g, i, k) the directions of the incident light and
the external magnetic field coincide, while in (b, d, f, h, j, l) they are oppositely directed. p = 1000 nm (curves 1), p = 2000 nm (curves 2),
p = 3150 nm (curves 3), and finally, p = 4000 nm (curves 4). Imε1 = 0.05, Imε2 = 0, d = 50p. The other parameters are the same as in
Fig. 2.
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second PBG, the chirality sign of the polarization of the
incident light for which transmission bands were formed is
determined by the external magnetic field direction. Let us
note another unique property of chiral CLCs at the λ2 wave-
length itself. At this wavelength, reflection, transmittance, and
absorption are independent of the polarization of the incident
wave.

The reflection, transmission, and absorption spectra at dif-
ferent values of helix pitch are shown in Fig. 4. The incident
light has polarization coinciding with the first EP (R1, T1, A1)
and with the second EP (R2, T2, A2). In Figs. 4(a), 4(c), 4(e),
4(g), 4(i), and 4(k), the directions of the incident light and the
external magnetic field coincide, while in Figs. 4(b), 4(d), 4(f),
4(h), 4(j), and 4(l) they are oppositely directed.

From the presented spectra, the following is observed:
(1) This system is nonreciprocal. In Fig. 4 the spectra in

the left column differ significantly from those in the right
column, and the nonreciprocity changes over a wide range.
it is observed both for reflection and transmittance, and for
absorption.

(2) With an increase in the pitch of the helix, the height of
the peaks of reflection of the first PBG decreases [in Figs. 4(a)
and 4(b), these peaks are highlighted by brown arrows].

(3) At the given parameters of the problem, in the region
λ � λ6 = 5180 nm (about λ6 see below) a new PBG (the third
PBG) is formed that is sensitive to the polarization of the
incident light [see Figs. 4(b) and 4(c)].

(4) With an increase in the pitch of the helix, the height of
the peaks of transmission of the first PBG on the wavelength
λ4 increases for the first EP [in Fig. 4(e) these peaks are
highlighted by brown arrows]. Simultaneously, an increase in
the height of the dips in the absorption on this wavelength
for the first EP takes place too [in Fig. 4(i) these dips are
highlighted by brown arrows], and as noted above in point
(2), there is a decrease in the height of the reflection peaks
on this wavelength. Thus we have the following picture: With
an increase in the pitch of the helix, the PBG at wavelength
λ4 gradually turns into a narrow window of MIT, i.e., in the
Dirac point at this wavelength, for some parameters of the
problem, diffraction reflection is observed, and for others, a
narrow window of MIT with a continuous transition from one
state to another.

(5) With an increase in the pitch of the helix, the height
of the peaks of the transmission band near the wavelength λ2

decreases [see Figs. 4(f) and 4(g)].
(6) At a certain value of the helix pitch, instead of a narrow

line of magneto-induced transmission, a broadband region of
magneto-induced transmission is formed [see Figs. 4(e) and
4(i), curve 3]. As our calculations show, at these parameters,
here in a wide enough wavelength band, we have k1z = k2z,

and a Dirac line instead of a Dirac point appears. At the
presence of anisotropic absorption here, unidirectional trans-
mission takes place, and this system can work as a wideband,
practically ideal optical diode.

(7) At certain values of the external magnetic field and
helix pitch, a new Dirac point appears and a new MIT line is
observed in the spectra [indicated by a blue arrow in Figs. 4(e)
and 4(i)]. As our calculations show, there is a new Dirac point
here. It appears due to the intersection of the curves Rek1z(λ)
and Rek2z(λ). By equating k1z to k2z from (4) and taking into

FIG. 5. The dependences of (a) real and (b) imaginary parts of
wave vectors kiz on wavelength λ. p = 4000 nm, Imε1 = 0.0001,

Imε2 = 0. The other parameters are the same as in Fig. 1.

account (2), we obtain the expression for the wavelength for

this Dirac point: λ5 = 2π p
√

ε(4π2+V 2 B2
ext p2 )

16π4+V 4B4
ext p4 . Figure 5 shows

the dependences of real and imaginary parts of wave vectors
kiz on wavelength λ in the situation where there is an intersec-
tion of curves Rek1z(λ) and Rek2z(λ).

(8) As follows from (4), at g � ε two from four wave
vectors become complex at the absence of absorption and
a new (the third) PBG appears. From condition g = ε we
obtain two wavelengths, namely, λ3 = π

V Bext

√
2ε and λ6 =

π
√

2ε
V Bext

√
1 + √

2. As mentioned above, at the local maximum
of g(λ) we have g = ε, too.

Now we will investigate the evolution of spectra of
reflection, transmission, and absorption at the change of
helix pitch p and of Bext, for the most complete repre-
sentation of the features of these spectral changes when
changing the helix pitch and external static magnetic
field.

Figure 6 shows the evolution of the spectra of (a, b) re-
flection R, (c, d) transmission T, and (e, f) absorption A at the
change of the helix pitch. The incident light has polarization
coinciding with the first EP (left column) and with the second
EP (right column). The directions of the incident light and the
external magnetic field coincide.

These evolutions demonstrate the independence of the
wavelengths determining the boundaries of the second and
third PBGs, as well as the transmission band near wavelength
λ2, from the pitch of the helix. This is expressed in the ap-
pearance of horizontal bands of red or blue in the spectra of
reflection, transmission, and absorption for incident light with
polarization coinciding with the second EP. Of course, this
also follows directly from the formulas for the wavelengths
λ3, λ6, and λ2, presented above. In Fig. 6(b) these areas are
highlighted by white arrows. Further, Figs. 6(a), 6(c), and
6(e) demonstrate the transformation of the region of the first
PBG into a narrow window of MIT with an increase in the
pitch of the helix. Figures 6(c)–6(f) demonstrate two more
interesting effects (see also above), namely, at a helix pitch
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FIG. 6. The evolution of the spectra of (a, b) reflection R, (c, d) transmission T, and (e, f) absorption A for various values at the change
of the helix pitch. The incident light has polarization coinciding with the first EP (left column) and with the second EP (right column). The
directions of the incident light and the external magnetic field coincide; d = 20p. The other parameters are the same as in Fig. 4.

of about 3150 nm, a broadband region of MIT is formed for
the mode with the first EP [Figs. 6(c) and 6(e)] and a region
of MIA for the mode with the second EP [Figs. 6(d) and
6(f)]. They are highlighted by black arrows. As mentioned
above, here we have a Dirac line. In the first case, a coher-
ent perfect transmission occurs in a significantly broadband
region, and in the second case, a coherent perfect absorp-
tion occurs, again in a broadband region. In this region, for
the first EP we have wideband coherent perfect transmission
(transmission of about 100%), and here ideal unidirectional
transmission takes place, too. That is, here this CLC layer can

work as a tunable ideal optical diode. For the second EP here,
a wideband coherent absorption takes place (absorption of
about 100%).

And finally, Fig. 7 shows the evolution of the spectra of
(a, b) reflection R, (c, d) transmission T, and (e, f) absorption
A at the change of external magnetic field. The incident light
has polarization coinciding with the first EP (left column) and
with the second EP (right column). Here, B = Bext > 0 means
that the direction of light propagation and the direction of the
external magnetic coincide, while Bext < 0 means that these
directions are reverse.
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FIG. 7. The evolution of the spectra of (a, b) reflection R, (c, d) transmission T, and (e, f) absorption at the change of external magnetic
field. The incident light has polarization coinciding with the first EP (left column) and with the second EP (right column). p = 5500 nm. The
other parameters are the same as in Fig. 4.

III. CONCLUSIONS

In conclusion, we investigated the properties of dichroic
CLCs being in an external static magnetic field directed along
the helix axis. We have shown that in the case of the wave-
length dependence of a magneto-optic activity parameter, new
features appear in the optics of dichroic CLCs. First, we
studied the behavior of the function g(λ) and showed that it
has two zeros and passes through a local maximum, and after
the second zero it increases monotonically. We showed that
in the point of the local maximum of g(λ) we have a Dirac
point, and moreover, in this Dirac point a new type of PBG

arises that differs from the basic PBG (i.e., the PBG that also
exists in the absence of the external magnetic field). If the
basic PBG is determined by the structure of the CLC, i.e.,
the chirality sign of the polarization of the incident diffracting
light is determined only by the chirality sign of the CLC helix,
then for the new one it is determined by the external magnetic
field direction (i.e., on whether the directions of the external
magnetic field and the incident light are parallel, or they are
antiparallel). Near the second zero of g(λ) a transmission band
is formed for incident light with a certain polarization. And as
for the second PBG, the chirality sign of the polarization of the
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incident light for which this transmission band was formed is
determined by the external magnetic field direction.

This system is nonreciprocal, and the nonreciprocity
changes over a wide range, being observed both for reflection
and transmittance and for absorption. The transformation of
the region of the first (basic) PBG into a narrow window of
MIT takes place with an increase in the pitch of the helix.
With an increase of helix pitch at a certain value of the latter,
instead of a narrow line of MIT, a broadband region of MIT is
formed. With a further increase in the helix pitch a new Dirac
point appears and a new MIT line appears. Then at g � ε,
two from four wave vectors become complex at the absence
of absorption and a new (the third) PBG appears.

Thus various types of PBGs, as well as MIT and MIA
bands, can be formed at the Dirac points. As is well known,
Dirac points in PCs also should be expected when the band
gap closes and there aren’t any PBGs in such types of
Dirac points (see, also, [36]). The band gap in CLC closes
when ε1 = ε2 = ε. Such a situation in CLC can arise, for
example, in the presence of a frequency dispersion of local
components of the dielectric permittivity tensor (by adding,
for example, certain types of dye molecules or nanoparti-
cles to CLC). Then it is possible that at some frequency
ω0 the intersection of the curves y1 = ω

c

√
ε1(ω) and y2 =

ω
c

√
ε2(ω) is possible. If, at the same time, the condition

ω
c

√
ε1(ω0) = ω

c

√
ε2(ω0) = 2π

p is also satisfied (by chang-
ing, for example, temperature), then the Dirac point will
be formed at the frequency ω0. In the absence of absorp-
tion, there will be no PBG in such a situation, although the
medium itself is periodically inhomogeneous. In the pres-
ence of anisotropic absorption [and in a real situation the
medium will indeed be anisotropically absorbing, since it will
be difficult to ensure the simultaneous fulfillment of the con-
ditions Reε1(ω0) = Reε2(ω0) and Imε1(ω0) = Imε2(ω0) ],
we will have the Dirac point at which the PBG was formed.

We note once again that the case g = g(λ) differs substan-
tially from the case g = const, which was considered in [27],
which can by evidenced by a comparison of the results of this
paper with the results obtained in [27].

Although most of our calculations were made at Bext =
40 T, the observed effects are also observed at much lower
values of Bext. At smaller values of Bext, the frequency range
of observation of these affects changes, and, moreover, in this
case it is necessary to consider a wider wavelength region.

Let us now consider the influence of an external magnetic
field on the CLC structure and the case of the presence of local
dielectric anisotropy in CLCs. According to Meyer [37], the
effect of an external magnetic field on the helix pitch in the
lower order approximation is defined as

p(H ) = p

[
1 + χ2

a H4
ext p4

32(2π )4k2
22

+ . . .

]
, (6)

where χa is the anisotropy of magnetic susceptibility, k22 is
the coefficient of elasticity, and Hext is the external magnetic
field. Since in our case μ̂(z) = Î , we can neglect the helix
pitch change in the lowest order approximation.

Furthermore, as mentioned above, the magnetic field can
also directly affect the local dielectric tensor components,
which are a quadratic in the external field effect. Therefore,

FIG. 8. The spectra of absorption. The incident light has polar-
ization coinciding with the first EP: (1) α1 = α2 = 0; (2) α1 = 4 ×
10−5, α2 = 10−5; and (3) α1 = 5 × 10−5, α2 = 2 × 10−5. The other
parameters are ε1 = 2.25, ε2 = 2.25 + 0.1i, p = 4000 nm, d = 35p,
and Bext = 40 T.

according to [38], we can present the principal values of
dielectric tensor components in the form of

ε1,2(Hext ) = ε1,2 + α1,2B2
ext, (7)

where α1,2 are some coefficients of proportionality. Fig-
ure 8 shows the spectra of absorption at different values of
parameters α1 and α2. The simulation is made for a CLC with
the parameters ε1 = 2.25, ε2 = 2.25 + 0.1i p = 4000 nm.
The CLC layer thickness is d = 35p and Bext = 40 T. The fol-
lowing three cases are considered in our calculations, namely,
(1) the CLC without local birefringence with α1 = α2 = 0;
(2) α1 = 4 × 10−5, α2 = 10−5; and finally, (3) α1 = 5 ×
10−5, α2 = 2 × 10−5. As is seen from Fig. 8, the difference
of α1,2 from zero brings the displacements of MIT bands. At
the same time, this modeling shows that the main results and
conclusions presented above depend on the local anisotropy,
but not crucially, and they remain valid. Taking these into
account leads to quantitative, but not qualitative, effects.

Finally, the soft-matter nature of CLCs and their response
to external influences lead to easily tunable multifunctional
devices that can find a variety of applications. They can be
applied as tunable narrow-band or broadband filters and mir-
rors, a highly tunable wideband/narrow-band coherent perfect
absorber, transmitters, ideal optical diodes, and other devices
The results obtained can find application in the design of
innovative polarized optoelectronic devices, in particular, as
devices for chemical analysis, biomedical diagnostics, po-
larization selectors, polarization imaging, and spectroscopic
measurements.
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APPENDIX

The dependence of g on wavelength λ follows directly
from the following considerations. First, the magnitude of
Faraday rotation angle for an isotropic magnetoactive medium
is given by the formula

ϕ = πd

λ
(
√

ε + g − √
ε − g), (A1)

where d is the transmission distance and ε is the dielectric
permittivity. On the other hand, for the same magnitude of
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rotation, experimenters use the formula ϕ = V Bextd . Substi-
tuting ϕ = V Bextd into (A1) for g we will have

g = V Bextλ

π

√√√√∣∣∣∣∣ε −
(

V Bextλ

2π

)2
∣∣∣∣∣. (A2)

Now a little bit about the Verdet constant (for more on the
constant Verdet, see the review article [39] and the references

cited therein, as well as [40,41]). It follows from [40,41] that
for most magneto-optical media the Verdet constant under-
goes changes mainly near some resonance lines, while in
other regions of the spectrum it is constant. As shown in
[41], two of these resonance lines are in the far-ultraviolet and
near-infrared regions. So, in the near-ultraviolet, visible, and
far-infrared regions the Verdet constant can be assumed to be
constant, independent of wavelength.
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