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Abstract⎯The peculiarities of absorption and emission of the finite layer of cholesteric liquid crystal are 
investigated. The influence of parameters characterizing the absorption and gain, as well as the layer 
thickness and the local dielectric anisotropy on the absorption and emission is studied. In particular, it is 
shown, that the increase of the parameter x' characterizing the gain results in the increase of emission. 
However, there are the discrete points in the (λ, x') plane, where the emission is maximal (λ is the 
wavelength of incident light). These points determine the critical values of gain at which the low-threshold 
laser generation takes place. The obtained results can be used to develop the strongly absorbing systems. 
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1.  INTRODUCTION 
The light absorption and emission control with use of artificial or self-organizing nanophotonic 

structures (photonic crystals, metamaterials, etc.) is an active area of investigations owing to the possible 
applications in lasers and light-emitting diodes [1–7], in single-photon generation for quantum 
information [8–11], in collecting and accumulation of solar energy [12–15] and, etc. The absorption and 
emission are the first well-tried methods to control the electromagnetic field in a medium. Photonic 
crystals (PC) and metamaterials have the interesting peculiarities of absorption and emission. In 
particular, in the photonic band gap (PBG) the effect of the suppression of absorption (emission) takes 
place. Beyond the PBG, under the anisotropic absorption (gain) the effect of anomalously strong 
(anomalously weak) absorption (emission) takes place close to its boundaries and in metamaterials with 
great optical anisotropy the same amount of absorption (emission) is obtainable with several periods 
while for the usual PC layers the essentially greater number of periods is needed. The most interesting 
properties have the chiral PC. The peculiarities of absorption and emission in chiral PC have been 
analyzed in works [16–28]. The absorption and emission in chiral PC have polarization peculiarities, too. 

To increase the absorption it is necessary to obtain the large accumulation of light in a medium. One of 
the mechanisms to obtain the great accumulation is the multiple reflection, including the diffraction 
reflection from the boundaries of the system or from medium inhomogeneities. In works [14, 29, 30], the 
new mechanism of light accumulation in system, to wit, the diode mechanism of accumulation is 
discovered: if the directions of greater of two optical diodes are towards to each other (→ ←) the intensity 
I on the surface of joining of these layers is greater than in the case when they directed from each other 
(← →). This, in its turn, implies the existence of the new mechanism of light accumulation specified by 
the nonreciprocal properties of system elements. In these works, the use of accumulated light energy, in 
particular, by way of isotropic absorption layer placed between two optical diodes or between the diode 
and the mirror is suggested. In work [31], this mechanism of absorption increase is demonstrated for a 
few certain cases. In work [32], the method of accumulation increase of light within the system (and 
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consequently, the increase of absorption) by means of adding the layer which decreases the reflection is 
suggested.  

The manufacturing of new optical devices can be improved essentially by using the more advanced 
optical structures. To create new optical configurations, the understanding of the processes of absorption 
and emission in simple systems, as well as the modern numerical design aids are essential. 

In the present work, the broad picture of absorption and emission peculiarities of the finite layer chiral 
PC, cholesteric liquid crystal (CLC), is represented as best one can, and the influence of thickness, 
dielectric anisotropy and parameters, characterizing absorption and gain on adsorption and emission of 
light is investigated. 

2.  METHOD  OF  ANALYSIS 
To investigate the peculiarities of absorption (emission) we use the exact analytical expressions for 

absorption and transmission coefficients of the finite layer CLC derived in works [33–35]. We study the 
peculiarities of absorption (emission) for eigenpolarization (EP). The EP is two polarizations of incident 
light, which remain unchanged when passing through the system. In the case of the minimal influence of 
dielectric borders, i.e., if ε εs m= , where εs is the dielectric permittivity of medium surrounding the CLC 
layer in both sides, 1 2ε (ε ε ) 2m = +  where 1ε  and 2ε  are principal values of local tensor dielectric 
permittivity of the CLC layer, and small dielectric anisotropy EP coincides with the orthogonal circular 
polarizations. 

3.  RESULTS  AND  DISCUSSION 
The calculations were carried out for the CLC layer with parameters 1/2

0 1ε 1.4639n = =  and
1/2
2ε 1.5133en = = . These CLC parameters are of the following content – cholesteryl nonanoate: 

cholesteryl chloride: cholesteryl acetate = 20:15:6, which has at the room temperature (24°C) the pitch of 
helix in the optical range (p = 420 nm). The spiral turn is right, so the light with the right circular 
polarization incident on the defect-free layer has the PBG but the light with left circular polarization, has 
not. Besides, we consider the case of minimal influence of dielectric boundaries, that is, when 1/2εs mn = , 
where ns is the refraction index of the medium confining the CLC in both sides. 

Let the CLC be enriched by dye molecules. In the presence of the pump wave, this system is an 
amplifying one, i.e., the planar resonator with active element is considered. The presence of the dye 
molecules in system leads to changes in the local refraction coefficients of medium. In this case the 
effective imaginary parts of effective local refraction indices of the CLC (n''1.2) are the negative quantities 
(n1.2 = n'1.2 + in''1.2). In the presence of absorption (in this case the imaginary parts of n''1.2 of local 
refraction indices of the CLC are positive), if the quantity A = 1 − (R + T), which characterizes the light 
energy absorbed by the system (R and T are the radiant quantities of reflection and transmission, 
respectively) is less than unity and positive, then A is negative in amplifying medium. Therefore, the 
emission of system will be characterized by quantity |A|. 

Further, we will characterize the degree of ordering of transitions dipole moments of guest-molecules 
by means of ordering parameter Sd. One is defined by means of average value of cosϑ : 

1.5 cos 0.5dS = ϑ − , where ϑ is an angle between the local direction of the CLC optical axis and the 
transition dipole momentum of guest-molecules. The maximal possible value of ordering parameter Sd = 1 
corresponds to the case of ideal orientation of moments of dipole transitions, parallel with the local 
orientation of optical axis. The value Sd = 0 corresponds to the isotropic orientation distribution, and the 
minimal value Sd = −0.5 corresponds to isotropic distribution of moments of dipole transitions in the 
plane perpendicular to the local optical axis. In the approximation of linear optics, the obtained results 
describe both the gain and generation regimes. 
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Figure 1 shows the evolution of absorption A  (a,c,e) and emission ( )ln A  (b,d,f) spectra by increase 
the parameters characterizing the absorption (parameter x = ln(Imεm)) and the gain (parameter x' =  
ln(–Imεm)). Figures 1a and b correspond to the case of isotropic absorption and gain, Fig. 1c and d 
correspond to the case, when the absorption and gain are due to the introduction of imaginary part only in 
the permittivity perpendicular to local director (у ε1) and Fig. 1e and f correspond to the case, when the 
absorption and gain are due to the introduction of imaginary part only in the permittivity perpendicular to 
local director (у ε2). The parameters are equal: x = ln(2Imεm) for anisotropic absorptions, and x' =  
ln(–2Imεm) for anisotropic gains. Such a visualization in absorption and gain enables one to reveal a series 
of new peculiarities. 

Fig. 1. Evolution of spectra of absorption A  (a,c,e) and emission ln(|A|) (b,d,f) as the parameters characterizing the 
absorption (parameter x = ln(Imεm)) and gain (parameter x' = ln(–Imεm)) increase: (a,b) − isotropic absorption and gain; 
(c,d,e,f) – anisotropic absorption and gain. For anisotropic absorption, x = ln(2Imεm), and for gain, x' = ln(–2Imεm), 
and d = 150p. 
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It is known that during interaction of electromagnetic wave in a medium with inhomogeneities, the 
latter result in the modulation of the sum wave originated in the medium. In accordance with the existence 
of various forms of wave modulation, the different mechanisms of anomalous absorption and emission 
should exist. When there is a local anisotropy of absorption in the CLC, the Borrmann effect exist, which 
is the anomal (оr strong) absorption of radiation under conditions of diffraction scattering. As opposed to 
the case of X-ray in crystals, the Borrmann effect is realized in the CLC at the expense of polarization 
properties of proper waves. If the light frequency is in the PBG, the direction of the sum field in a layer 
becomes definite for given coordinates z along the helix axis, provided the light with the diffracting 
circular polarization is incident on the CLC layer. Moreover, if z is changing, this direction rotates around 
it but herewith the angle between the director and this direction at each point remains constant. If the 
frequency is changing, the angle between the director and the sum field is also changing. In addition, at 
the short-wavelength limit of the PBG, the sum field becomes oriented along the direction corresponding 
to the smaller principal value of local tensor of dielectric constant ε̂ . At the long-wavelength limit of the 
PBG, the field is directed normal to the direction of smaller principal value. The introduction of 
absorption (for definiteness we assume it weak) does not change essentially the polarization 
characteristics of proper waves. Therefore, in the presence of absorption the procedure described above 
the field structure survives, too. It stands to reason that if the oscillators of absorption in the CLC 
molecules are directed along the long axis of molecules (along the director or the principal axis, 
corresponding to ε1), the minimal absorption will be observed at the long-wavelength limit of the PBG. 
However, if the oscillators of absorption are directed normal to director, the minimal absorption will 
reveal itself at the short-wavelength limit of the PBG. 

However, this is not the only mechanism of anomalously weak (or strong) absorption of radiation in 
these media. Suppressed and anomalously strong absorptions are also observed at the local isotropy of 
absorption [24, 28]. For a more complete understanding of the physical picture of the origination of 
anomaly absorption in the case of local isotropy absorption, we turn again to the field picture in the 
medium. As noted above, the standing wave originates in the medium at the incidence of light with the 
diffracting circular polarization. Depending on z, the character of amplitudes change of this wave differs 
essentially inside and outside the PBG. Inside the PBG the amplitude of standing wave decreases 
exponentially with the increase of z, and at z ~ 20÷30σ one is practically vanishes, that is, the diffraction 
reflection takes place. The absorption has a little influence on the structure of field in a medium, and, 
since the absorption of radiation takes place in comparatively small region of medium, one becomes 
anomalously weak. Out of the PBG, the amplitude of the sum wave oscillates with the change of z and the 
beatings occur. At the minimums of diffraction reflection with the boundaries of layer at z = 0 and z = d 
the minimums of beatings coincide, and at the maximums of diffraction reflection with the boundary z = 0 
the minimums of beatings coincide and with the boundary z = d the minimums of beatings coincide (d is 
the thickness of the CLC). At the first minimum of diffraction reflection only one wave crest with the 
significant height arises, and the amplitude of the sum wave in the medium in the center of layer being 
essentially greater than the amplitude of incident wave. 

Owing to multiple reflections on the structure of medium and at the boundaries of layer, the 
accumulation of radiation energy takes place in the center of layer and the density of luminous energy 
here is essentially greater than outside this layer. This is why the presence of even small absorption (small 
Imεm) results in the anomalously heavy damping. Now, at the second minimum of diffraction reflection, 
two crests of beatings of comparatively lesser height arise, therefore the anomalously strong absorption 
expresses weaker. At the third minimum of diffraction reflection, three crests of lesser heights arise, and 
so on. At the first maximum of diffraction reflection the crest of first beating coincides with the boundary 
z = 0, and the minimum of second beating coincides with the boundary z = d. However, the height of crest 
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at the maximum of diffraction reflection is essentially lesser than at the corresponding minimum. The 
presence of absorption slightly influences the height of first crest and reduces the height of second crest. 
In this case, since the density of luminous energy in the medium is small, and, besides, the strong 
absorption of radiation occurs in the comparatively small region of the medium, the adsorption of 
radiation becomes anomalously weak. With the rise of the number of maximum, the number of crests also 
increases; therefore, the anomalously weak absorption manifests itself more weakly. In summary, the 
anomalies of absorption and radiation outside the PBG at local isotropy of absorption are due to the fact 
that the standing wave in the medium with the nodes at the boundaries of layer originates (in this case the 
anomalously strong absorption is observed), or with the antinode at the first boundary and with the node 
at the second boundary (in this case the anomalously weak absorption is observed). 

It is well known that for the finite CLC layer the refraction coefficient in the PBG is equal to unity and 
one decreases, oscillating outside the PBG. These oscillations are observed experimentally and ones are 
the consequence of light diffraction in the limited volume and not associated with the reflection at the 
dielectric boundaries. The presence of dielectric boundaries, i.e., ns is differing from 1/2

m mn = ε , results in 
an additional modulation of these oscillations outside the PBG. 

Thus, there are two mechanisms of diffraction at the interaction of light with the finite layer of the 
CLC in both cases of isotropic absorption and absence of absorption. One mechanism is caused by the 
light diffraction on the periodic structure of the CLC and manifests itself by the origination of the PBG. 
The other mechanism is due to the diffraction of light in the limited volume and one manifests itself by 
the origination of light diffraction oscillations outside the PBG, similarly to the pendulum beats, well 
known in the theory of X-ray diffraction. However, one should separate clearly these oscillations from the 
interference oscillations arising owing to the dielectric boundaries and also observed by the light passing 
through the layer of the isotropic medium. They have different periods both in frequency and thickness. 
Diffraction oscillations are also observed by minimal influence of dielectric boundaries, i.e., if m sn n= . 
The minimums of diffraction reflections are determined approximately from the condition 

 ,  0,1, 2, ...,Kd m m= λ =  (1) 

where 

 
22 2 2

2 21 2 1 2
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⎝ ⎠
    2a

p
π

= . 

As shown in Fig. 1, in the PBG (m = 0) the suppression of absorption (emission) takes place. Outside 
the PBG the strong absorption (emission) of diffraction reflection takes place at the minimums, and 
anomalously weak absorption (emission) at the maximums of reflection. At the anisotropic absorption 
(gain) outside the PBG, the effects of anomalously strong and anomalously weak absorption (emission) 
occur close to its boundaries. At the anisotropic absorption, the total suppression of absorption close to 
the one of the boundaries takes place: in the proximity of short-wave boundary, if the absorption is caused 
by the presence of imaginary part of 2ε , and close to the long-wave boundary, if the absorption is due to 
the imaginary part of ε1 at ε'1 > ε'2. For further increase of parameter x the region of total absorption is 
widening. These features are caused by the presence of new mechanism of diffraction and diffraction 
suppression of absorption. In the presence of locally anisotropic absorption, there is a new mechanism of 
diffraction caused by the periodic change of absorption in the space. 

An interesting situation in the gain can be seen. With the increase in the parameter x' the emission is 
also increasing; however, there are the discrete points in the (λ, x')-plane, where the emission is maximal. 
One is maximal at the modes defined by condition (1), and with the increase of the number of mode m, 
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the value of parameter x', at which the emission becomes maximal, is also increasing. As is known, for 
weak absorption (radiation) and for small dImk the coefficients of refraction R and transmission T at these 
frequencies determined by expression (1) have the form [24]: 

 
( )

( )( )
( )

( )( )

2 43

2 22 23 3

γ π
,    ,

π γ π γ

b m
R T

m b m b
= =

+ +
 (2) 

where δb d p= π , γ Im ε Reεm m= , ( ) ( )1 2 1 2δ ε ε ε ε= − + , m = 1,2,3,…. In the case of gain γ is negative 
and hence, provided 

 ( ) ( )
( )

2 2

33

π π
γ

δ /

m m
b d p

= − = −
π

 (3) 

Fig. 2. Dependences of transmission T (curve 1), reflection R (curve 2) and absorption A (curve 3) on parameter x at the 
first minimum (a,c,e) and at the first maximum (b,d,f) of diffraction refraction. The light incident on the layer has the 
polarization, coincident with the diffracting (solid lines) and non-diffracting (dashed curves) EP: (a,b) is isotropic 
absorption and gain, (c,d,e,f) is anisotropic absorption and gain. For anisotropic absorption x = ln(2Imεm) and gain x' = 
ln(–2Imεm), d = 150p. 
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the coefficients of refraction and transmission diverge. As shown in [37, 38], at small values |γ| the 
frequency of laser generation is determined by condition (1), and the solutions of equation, which are the 
conditions for existence of non-zero solutions for amplitudes of reflected and transmitted wave, for non-
vanishing amplitude of incident wave, coincide with the solutions of equation ( )2 3π γ 0m a+ = . The 
corresponding threshold values of γ are determined by condition (3). As shown in works [37, 38] and can 
be seen from (3), the minimal threshold value |γ| corresponds to the mode m = 1, i.e. to the laser mode 
closest to the PBG, and with the increase of m, the threshold value |γ| is also increasing. Note that the 
problem under consideration on the transition of radiation through the planar resonator with the active 

Fig. 3. Evolution of spectra of absorption A  (a,c,e) and emission ln(|A|) (b,d,f) with the increasing in the thickness of the 
CLC layer (parameter d/p): (a) ε''1 = ε''2 = 0.001; (b) ε''1 = ε''2 = –0.001; (c) ε''1 = 0, ε''2 = 0.002; (d) ε''1 = 0, ε''2 = –0.002; 
(e) ε''1 = 0.002, ε''2 = 0; (f) ε''1 = –0.002, ε''2 = 0. 



ABSORPTION  AND  EMISSION 

 

35 

 JOURNAL  OF  CONTEMPORARY  PHYSICS  (ARMENIAN  Ac.  Sci.)      Vol. 50      No. 1      2015

element and fixed gain factor is not adequate to the real process. The gain factor falls with the increase of 
intensity of the wave propagating in the medium. This is related to the peculiarities of inverse state 
creation. For very high energy accumulated in an active element of laser the rate of induced transitions 
exceeds the pumping rate. This dramatically decreases the population difference of excited and the 
background level, which results to the drop of gain factor and, consequently, to the saturation intensity. 
Since the process of interaction of radiation with amplifying medium ceases to be linear and stationary, 
the linear approximation cannot be applied to the problem under consideration. However, the present 
results provide a lot of information on the peculiarities of radiation and laser generation in the CLC, in 
particular, the threshold values of gain factor with the peaks of emission at the modes (1) can be found. 

As shown in [36], similar regularities are observed for the photon density states of the CLC layer. It 
was also shown there that the maximal accumulation of luminous energy is at the points in the (λ, x') 
plain, where the photon density is maximal. 

Figure 2 shows the dependences of transmission T (curve 1), reflection R (curve 2) and absorption A 
(curve 3) on parameter x at the first minimum (a,c,e) and at the first maximum (b,d,f) of diffraction 
refraction. The light incident on the layer has the polarization, coincident with the diffracting (solid lines) 
and non-diffracting (dashed curves) EP. The graphs show a sharp dependence of reflection, transmission 
and absorption on x change in the region of small values. Far from the PBG the changes of corresponding 
quantities are insignificant if x is changed in the region of small values. Note, the sharp frequency 
selectivity of effects of anomaly of absorption close to the PBG [24]. Strong absorption changes are 
caused mainly by the change of reflection on x, since the transmission decreases sharply with the increase 
of x. In this case, the corresponding frequency of minima of reflection turns into the frequency of 
maxima, and vice versa. 

We also investigated the effect of layer thickness on the absorption and emission. Figure 3 shows the 
evolution of spectra of absorption A  (a,c,e) and emission ln(|A|) (b,d,f) with the increasing in the 
thickness of the CLC layer. Figures 3c и d correspond to the case, when the absorption and gain are due 
to the introduction of the imaginary part only of dielectric permittivity parallel to local director (у 1ε ) and 
Fig. 3e and f correspond to the case, when absorption and gain are caused by the introducing of imaginary 
part only of dielectric permittivity normal to local director (у 2ε ). 

Figure 4 shows the dependences of absorption A and emission A  on the CLC layer thickness 
(parameter d/p) inside the PBG (a,b) at the wavelength λ = 615 nm, outside the PBG and in the close 
vicinity of it at the wavelength λ = 614.638 nm (c,d), and also outside the PBG at the wavelength λ = 612 
nm (e,f). The incident light has the polarization coinciding with the diffracting (solid lines) and non-
diffracting (dashed lines) EP. Figures 4a and b correspond to the cases of anisotropic absorption and 
emission, and others figures – to isotropic ones. 

At anisotropic absorption (gain) inside the PBG, for the light with the diffracting EP the quantity A 
(|A|) increases rapidly at first and then decreases (see [33]), as for the non-diffracting EP they both 
increase monotonically. At isotropic absorption (gain) outside the PBG the quantity A (|A|) oscillates, 
wherein at the wavelengths close to the PBG the value A (|A|) at the first maximum is greater than at 
others, while away from the PBG we have the opposite picture. Note also that if in the presence of 
absorption the values of A at maximum and minimum are little differ relatively, then these differences are 
significant in the case of gain. This is also manifests itself in the fact that in the plane (λ, d/p) close to the 
PBG, the dark discrete points appear, where the enhanced emission takes place at the modes defined by 
the equation (1) (see Fig. 3).  

Let us turn now to the study of influence of local anisotropy of refraction on the absorption and 
emission. Figure 5 represents the spectra of absorption (a) and emission (b) at different values 

1 2(ε ε ) 2Δ = − . As is seen in the figure at a weak local anisotropy the value of quantity A (|A|) at the first 
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short-wave minimum of diffraction reflection is greater than at the corresponding long-wave minimum. 
With the anisotropy increase, the value of quantity A (|A|) at the minima of diffraction reflection is 
increasing. However, starting from a certain value of refraction anisotropy the quantity A (|A|) at the first 
minima of diffraction reflection is starting to decrease, and the critical value Δ for short-wave minima of 
diffraction reflection is smaller than for the long-wave minima. Owing to this, starting from a certain 
value of Δ the quantity of A (|A|) at the first short-wave minimum of diffraction reflection becomes lesser 
than at the corresponding long-wave minimum. For further increase of Δ, the value of A (|A|) at the second 
minimum of diffraction refraction becomes greater than at the first one. With the increasing Δ, the number 
of minimum of diffraction reflection at which the maximal absorption (emission) is observed, is also 
increasing. 

4.  CONCLUSION 
We investigate the peculiarities of the absorption and emission of the finite layer of the CLC for the 

minimal influence of dielectric boundaries. The obtained results are of a general character and can also be 
used for chiral PC of other types, as well as for the chiral PC based on metamaterials. We investigate the 
peculiarities of influence of different diffraction mechanisms in the chiral PC on the absorption and 

Fig. 4. Dependences of absorption A and emission |A| on the CLC layer thickness (parameter d/p): (a,b) λ = 615 nm, 
(c,d) λ = 614.638 nm), (e,f) λ = 612 nm. The incident light has the polarization coinciding with the diffracting (solid 
lines) and non-diffracting (dashed lines) EP: (a) ε''1 = 0.001, ε''2 = 0; (b) ε''1 = –0.001, ε''2 = 0; (c,e) ε''1 = ε''2 = 0.0005; 
(d,f) ε''1 = ε''2 = –0.0005. 
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emission. We show, in particular, that the answer to the question whether at the short-wave minimum or 
at the long-wave minimum of diffraction reflection the maximal absorption (emission) is observed, 
depends also on the local anisotropy of medium refraction. 
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