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The topological point defects in nematic liquid crystal materials have been studied. The method of oblique light in-
cidence has been proposed to determine an azimuthal director angle of an achiral nematic as well as a chiral nematic
(cholesteric). The idea of the method is based on the dependence of the optical phase difference between ordinary and
extraordinary light beams on the azimuthal director angle at the layer center at oblique incidence of light on a structure
in which the polar director angle of a nematic liquid crystal is not equal to 0° or 90° (conical boundary conditions).
It has been shown that the phase difference reaches a maximum at a zero azimuthal angle at the center of the layer re-
gardless of the total twist angle of the director. The developed method has been used to analyze topological defects
formed in the nematic and cholesteric layers under conical boundary conditions at the interface. The director field
distributions of nematic and cholesteric near the surface point defects (boojums) with topological charges m = +1
and m = —I have been drawn based on the experimental data. The proposed method of oblique light incidence can
be used to analyze a wide class of the achiral and chiral liquid crystal media of various types: smectics, nematics,
and cholesterics with tilted or hybrid boundary conditions.
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Hccnedosanvl mononozuueckue moyeunvle O0e@exmvl 6 HeMAMUYECKUX JICUOKOKPUCTHANIUYECKUX MAMePUanax.
Ilpeonodicen Memoo HAKIOHHO20 NAOeHUs ceemd, NO36ONAIOWUL ONPedeNamy A3UMYMATbHBLIL Y20l OUPeKmopa axu-
PANbHO2O HEMAMUKA, 4 MaKd#ce 3aKpYyueHHo2o0 Hemamuxa (xonecmepuka). Cymv memooda coCmoum @ mom, 4mo npu
HAKIOHHOM NAdeHuu ceema Ha cmpykmypy ¢ omauunsim om 0° u 90° norapHeim yenom Oupekmopa Hemamuieckozo
HCUOKO20 KpUcmania (KOHuyecKue epanuinvle YCiosus) ONmuieckas pasHocms @as, 603HUKAIOWAS MeXHCOY 0ObIKHO-
BEHHBIM U HEOOLIKHOBEHHBIM JIYYAMU, ONPeOeNiemcs 8eIUUUHOU A3UMYMATbHO20 Yead OUPEKMopd 6 yeHmpe Closl.
Tloxasano, 4mo maxcumaibHoe 3HaAueHue pasHocmu Gas 00Cmueaemcs npu Hy1e8oM A3UMYMAIbHOM yele 8 YeHmpe
CNI0sl HE3ABUCUMO OM NOJHO20 Yend 3aKpymku oupexmopa. Paspabomannviii Memoo 6bll UCNONb3068AH O AHAIU3A
MONONIOUHECKUX OepeKmOos, POPMUPYIOWUXCA 8 CLOAX HEMAMUKA U XONeCMEPUKa ¢ KOHUYECKUMU SPAHUYHBIMU YO~
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susAMU Ha MedicasHou epanuye. Ha ocHoganuu nomyueHHblx SKCNePUMEeHMANTbHbIX OaHHbIX ObLIU NOCMPOEHbL PACnpe-
Oefierust noJisi OUPEeKMopa HeMAmuKa U X01eCmepuxa 01u3u N08ePXHOCIHbBIX MOYeyHbIX dedexmog (0y0xcymos) ¢ mo-
nonocuveckumu sapaoamu m = +1 um = —1. [onyuennvle pezyromamol unmepechuvl Ol UCCICO08AHULI CIPYKMYPUPO-
BAHHBIX MAMEPUANLO8, AHAIUZA ONMUYCCKUMU MEMOOaMU 0eheKmos CIMpPYKmMyp, a NPEOIONCEHHbIL MEMOO HAKILOHHO20
NAOCHUs C8EMA MOJICEM UCTONIb306AMbCS OJI AHAIUZA WUPOKO2O KIACCA AXUPATBHBIX U XUDATbHBIX HCUOKOKPUCTIALIU-
YeCKUX cped pasIUNHO20 MUNA: CMEKMUKO8, HeMAMUKO8 U XOIeCMEPUKOS C HAKIOHHBIMU ULU 2UOPUOHBIMU 2PAHUYHbL-

MU YCIOBUAMU.

Kniouegvie cnosa: mononocuveckuii degpexm, OpueHmMayuoHHAs CMpyKmypd, Hemamudeckull JCUOKU Kpucmaii,

onmu4eckas pasHocmbs gba3.

Introduction. Liquid crystals (LC) are anisotropic
liquids with long-range orientational order of molecules.
The orientation of LC molecules is characterized by the
director n, which is a unit vector oriented along the pre-
ferred orientation of the long axes of the molecules [1].
A rich variety of forming configurations of the director's
field is possible in an LC, depending on the boundary
conditions (preferred orientation of the director at the
interface), material parameters of the LC (elasticity con-
stants, helix pitch), external electric or magnetic fields
[2]. In this case, defects can be formed in the system,
where significant distortions of the director field are ob-
served. And vice versa, upon induction of strong distor-
tions in the volume, for example, by magnetic (electric)
fields or introduction of microparticles into the LC, topo-
logical defects are formed. The resulting distortions of the
director field facilitate interaction between defects and
particles which can be found in the effects of self-
ordering of defects [3-5], colloidal [6; 7] and magnetic
[8] particles, makes it possible to control the position of
microparticles [9], and determines the group motion of
defects in external electric field [10]. Thus, topological
defects are an important feature that significantly affects
the main characteristics of liquid crystal materials (opti-
cal, electro-optical, dynamic) which determine their pros-
pects for various applications in modern information
technologies.

Point bulk (hedgehogs) [11; 12] and surface (boo-
jums) [13] defects, linear defects [14] and two-
dimensional defects (walls) [2] can be formed in nematic
LC. In the case of twisted nematic with the ratiod /p =~ 1
of the layer thickness d and the helix pitch p, soliton-like
structures [15] or linear defects [16] can be formed in the
system. The possibility of formation and stability of vari-
ous types of defects is determined by the boundary condi-
tions specified on the substrates. Thus, under degenerate
tangential (planar) boundary conditions (the angle be-
tween the director and the normal to the surface is 90°),
a schlieren texture is formed in the LC cell which consists
of point and linear defects, the strength of which depends
on the ratio of the LC elastic constants [17]. In the case of
homeotropic anchoring (the angle between the director
and the normal to the surface is 0°), there are initially no
defects in the system, but the application of an electric
field or a combination of electric and magnetic fields
promote the formation of an ordered set of point defects
[3], two-dimensional defects [2], or soliton-like structures
in twisted nematic [15]. Under homeo-planar boundary
conditions, the formation of point defects on a substrate
with planar anchoring or a structure of domains with
closed linear defects is possible in the system.
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Conical boundary conditions (the director is oriented
to the surface normal at an angle other than 0° and 90°)
are more suitable for the occurrence of defects. For exam-
ple, in a cell with a conical anchoring, point, linear, and
two-dimensional defects are formed even when there are
no external fields [18]. In the case of a twisted nematic
with planar-conical anchoring, linear defects are formed
[19] or domains bounded by a closed linear defect with a
pair of point singularities [20]. At the same time, point
defects in LC systems with conical anchoring have not
been practically investigated to this date.

This work presents for the first time the results of
studying the structures of point defects formed in nematic
and twisted nematic under conical boundary conditions on
both substrates.

Materials and methods. The studies were carried out
for a nematic LN-396 mixture (Belarusian State Techno-
logical University) and LN-396 mixture doped with a left-
handed chiral addition of cholesteryl acetate (Sigma
Aldrich). The concentration of cholesteryl acetate was
0.2 % which determines the pitch of the cholesteric helix
with a value of p = 72.5 um [19]. The studies were carried
out in LC cells consisting of two glass substrates assem-
bled in such a way that a gap is formed between them
which is filled with a liquid crystal (fig. 1, a). Glass sub-
strates were coated by centrifugation with a poly(isobutyl
methacrylate) film (Sigma Aldrich) which sets conical
boundary conditions for the used nematic LN-396 with
a polar angle 6,, = 40° [21]. The thickness d of the LC
layer was set with glass balls and was measured by the
interference method until the cell was filled with a liquid
crystal. LC cells were filled at room temperature and kept
for at least 24 hours before to the study. The studies
were carried out using a polarizing microscope (POM)
Axiolmager.M1m (CarlZeiss) with a 20x / 0.22 long-
focus objective in monochromatic light with a wavelength
of A = 546 nm. The refractive indices of LC LN-396
n, =1.528, oy =1.741 (A = 546 nm).

Oblique incidence light method. It is convenient to
describe the distribution of the director field in the cell
using the polar 6 (x, y, z) and azimuthal ¢ (x, y, z) angles
(fig. 1, b). In this case, the n-director is described by the
following equation:

n, = sin(G[x,y,z])cos((p[x,y,z]),
n, =sin(O[x,y,z])sin((p[x,y,z]), (1
n, =cos(9[x,y,z]).

Generally, the angles 6 and ¢ can vary both over the
thickness of the LC layer and in the plane of substrates.
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This is more typical for the LC areas near defects, and the
nature of the change in the angles is determined by the
type of defect. Conversely, the nature of the change in the
angles in the vicinity of the defect can be used to deter-
mine its parameters. In the case of point defects in nemat-
ics, the method of fluorescence microscopy is used [22].
In the case of an tilted orientation of the director in the
bulk which is realized under conical boundary conditions,
it is convenient to use the method of oblique incidence of
light proposed and described below in order to character-
ize defects.

Consider a twisted nematic away from defects. In this
case, we can assume that the polar angle of the director is
constant and equal to the tilt angle of the director on sub-
strates 0 (x, y, z) = B4 = 0.4, and the azimuthal angle
¢ (x, y) depends on the coordinate z linearly:

ProraL z, ©)

d

where @o(x, y) — azimuthal angle of the director at the
center of the layer (at z = 0), @roraL 1S the difference
between the azimuthal angles of the director on the upper
(z = +d/2) and lower (z = —d/2) substrates (the total azi-
muthal angle of rotation of the director on the layer
d-thickness). Consider the oblique incidence of the light
beam on the LC layer in the xOz plane (fig. 1, b). The
direction of the beam will be characterized by the unit
vector K (zsina, 0, cosa), where the plus sign corresponds
to the zero azimuthal angle for the vector k°, the minus
sign corresponds to the value of the azimuthal angle of the
vector k” equal to m. When Mauguin condition [23] is
fulfilled, we can assume that two linear waves propagate
in such a twisted structure, the phase difference between
which in the case of oblique light incidence at an angle a
is determined as:
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where z’ = z/d, cos(0’) equals:
cos(0')=nk’ = isinocsin(@ty )cos((po (%) +@rora?’) +
2

+cosac0s(6%). “)

Fig. 2 shows the dependences on the angle @o(x, y)
of the d/d values calculated by equation (3) for several
values of the total twist angle @rorar at an oblique
incidence at an angle a = 5.33° (for the case shown
in fig. 1, b), and polar angle 6,, = 40°. It can be seen that
one maximum is observed in the dependences only at the
angle ¢@o(x, y) = 0°, and an increase in the angle @roraL
leads to a slight decrease in the difference (8yax — Omin)/d
from a wvalue of approximately 0.43 rad/um
to 0.27 rad/um for angles @rorar 0° and 180 °, respec-
tively. Such a difference in the phase differences observed
for different azimuthal angles @, (x, ¥) can be easily fixed
for the commonly used LC cell thicknesses of about
10 um. At the same time, the angle o used for calculation
makes it easy to carry out observations with a polarizing
microscope using a long-focus lens. The data presented
in fig. 2 were obtained for positive angles @rorar (right-
handed cholesteric), while due to the symmetry of the
structure relative to the center of the layer, identical
results are obtained for negative angles @rorar (left-
handed cholesteric).

The above results were obtained from the assumption
that the polar angle of the 0-director is constant and there
is a simple linear dependence of the azimuthal angle ¢ on
the coordinate z. In general, these conditions may not be
met. For example, in a twisted nematic structure with sig-
nificant pretilt angles of the director on substrates, the
polar angle 8 begins to depend on the z coordinate, while
the dependence of the azimuthal angle of the director on
the z coordinate deviates from the linear law [24]. Never-
theless, the results obtained for simple cases show that the
maximum value of § is reached at @y(x, y) = 0° regardless
of the values of the angle 0, and @roraL-

Fig. 1. Scheme of LC cell (@) and the coordinate system used to calculate
the optical phase difference at oblique light incidence and the director
field around the boojums ()

Puc. 1. Cxemarnueckoe npeacrapnenue JKK saeiiku (a) u cucteMa KOOpAWHAT,
UCTIONb3yeMast IS PacueTOB ONTUYECKOH pa3HOCTH (a3 B CIIydae HAKJIOHHOTO
HaJIeHUsI CBETa U MOJIS AUPEKTOpa BOKPYT Oy KyMOB (b)
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Fig. 2. Dependences of the ratio 8/d on the angle @¢(x, y) calculated
for some twist angles @rorar. The data have been calculated for the angles
a=5.33°0(x, y, z) = 04, = 40°, the wavelength A = 546 nm and the refractive
indices corresponding to LC LN-396

Puc. 2. 3aBucumoctu oTHOMEHNUS O/d OT yria Qy(x, V), paCCUUTaHHBIE
JUIS HECKOJIBKUX YIJIOB 3aKPYTKHU QrorarL. PacueT caenan amns yrinos o = 5,33°,
0(x, y, z) = 04, = 40°, nMHBI BOJIHEI cBeTa A = 546 HM M TIOKa3aTenen
nipenomiieHus, coorserctBytommx KK JIH-396

Thus, this conclusion can be extended to the case of
an inhomogeneous slope and an uneven twist angle in the
case when the director distribution in the bulk is symmet-
ric about the center of the layer. It is this situation that is
realized in LC cells under the same boundary conditions
in the absence of external influences (for example, an
electric field). Further, this method will be applied to ana-
lyze boojums that form in nematic and twisted nematic
under conical boundary conditions.

Boojums in nematic. In the absence of a given orien-
tation of the director on the substrates (degenerate tangen-
tial or conical boundary conditions), point defects on the
surface (boojums) are formed in the system. Near
boojums, the orientation of the director on the surface
(plane z = d/2) can be described as [25]

n, = sin(e%)cos(mg +&),
n, = sin(e%)sin(mg +§),

n, = cos(e%).

where ( is the angle in the polar coordinate system (fig. 1, b),
m is the surface topological charge (strength) of the de-
fect, -t < & < m is the twist angle of the boojum. The
strength of the defect m and the angle & are used to clas-
sify boojums (as well as topological defects of other
types), and, accordingly, the determination of these two
parameters is sufficient to characterize the properties
of topological defects. The LC cell has two substrates
and the appearance of a boojum on one of the substrates
(for example, the upper one at z = d/2) should be accom-
panied by the formation of a point defect on the second
(lower one at z = —d/2) substrate. The identical distribu-

)

tion of the director near the boojums on the upper and
lower substrates (escaped state) will correspond to the
minimum of elastic energy. To determine the charge m,
the sample is observed in the geometry of crossed linear
polarizers (LP). In this case, extinction lines emerge from
the defect, the number of which N is related to the charge
of the defect by a simple relationship: N = |m|-4 (fig. 3, a).
The m sign can be determined by rotating the polarizers
relative to the sample or by observing in circular polariz-
ers (CP). In the case of boojums with m = +1, the interfer-
ence pattern observed in the geometry of circular polariz-
ers near defects will have radial symmetry, while for boo-
jums with m = —1, due to the inequality of splay, band,
and twist LC elastic constants, the interference pattern
will have lower symmetry (fig. 3, b). In the case of a
nematic, the total twist angle of the director is @rorar = 0;
accordingly, the azimuthal angle of the director turns
out to be independent of the coordinate z and is equal
to @y(x, ¥). Since in the vicinity of boojums the azimuthal
angle of the director varies in the range —180 ° < ¢ (x, y) =
=m + & < 180°, the twist angle & can be determined us-
ing the method of oblique incidence of light. In this case,
when implementing the scheme shown in fig. 2 &y
is observed under the condition (m{ + &) = 0, and Sy,
corresponds to the condition (m{ + &) = & (—m). It is con-
venient to use circular polarizers for this method.

The fig. 3 shows boojums with |m| = 1 which can be
seen from observations in the geometry of crossed linear
polarizers. When observed in the geometry of crossed
circular polarizers, the observed interference pattern
is determined only by the phase difference between
the ordinary and extraordinary waves. It can be seen that
the interference pattern in the vicinity of the boojums cor-
responds to the case when the phase difference increases
from zero to 6 > 4n as we move from the boojum to the
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periphery, which fits well with the parameters of the LC
cell with the LC layer thickness d = 14.6 um and the di-
rector tilt angle 6,, = 40°, for which the value 6 = 4.17n
is obtained from equation (3) at a = 0° and @roraL = 0.
This corresponds to the situation described above, when
the boojums on the upper and lower substrates are located
opposite one another (escaped state). In the geometry
of crossed linear polarizers from the boojum with m = +1
(fig. 3, the first row) four extinction bands emerge parallel
to the polarizers. When observed in circular polarizers,
the interference pattern is symmetric in the case of normal
incidence of light (a = 0°) (fig. 3, b, the first row). In the
case of oblique incidence of light at an angle o = 5.33°,
the symmetry of the interference pattern is broken (fig. 3, c,
the first row). Based on the change in the brightness of the
observed interference pattern, it can be concluded that the
maximum phase difference d,,,x corresponds to the extinc-
tion line oriented at an angle { = —90°, and &, corre-
sponds to the value of the angle { = +90°. This means
that the twist angle of the boojum on the upper substrate
& =90° (fig. 3, d, the first row). Similarly, we can deter-
mine the twist angle of a boojum with a charge m = —1
(fig. 3, the second row). In the geometry of crossed linear
polarizers (at o = 0°), the extinction bands form a straight
cross oriented at an angle of 15° to the direction of the
linear polarizer LP. From the interference pattern ob-
served at an oblique (o = 5.33°) incidence of light in the

a b

.

geometry of circular polarizers, it can be seen that &
corresponds to an extinction band oriented at an angle
€ = —75° which corresponds to a boojum twist angle on
the upper substrate & =—75° (fig. 3, d, the second row).

It should be noted that the sample contains boojums
with the charge m = +1 and the twisting angle & close to
+ 90°. Thus, the boojum with m = +1 and | = 90° is ener-
getically most favorable for LC LN-396 in the case of the
director tilt angle 84, = 40°. For boojums with a charge
m = —1, different twist angles & are observed. This is a
consequence of the fact that the distribution of the direc-
tor field near the boojum with m = —1 at different angles
& differs only in the orientation of the symmetry axes,
i. e., the boojum with the angle & can be obtained
by rotating the entire structure (coordinate system)
of the director field with &, = 0 around the Oz axis by an
angle &/2 [25]. Thus, the total free energy of the nematic
director field near the boojums with m = —1, in contrast
to the boojums with m = +1, does not depend on the
twisting angle &.

Boojums in twisted nematic (cholesteric). The cho-
lesteric structures were studied for a cell with a thickness
of d = 12.7 um which corresponds to the ratio d/p = 0.18.
In this case, extinction bands are observed for an angle
of 58° between the analyzer and the polarizer which cor-
responds to the director twisting angle @rorar = —32 °
(fig. 4, a and 5, a).
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Fig. 3. POM photos of the sample areas of nematic with boojums of m = +1 strength and the twisting angle & = 90°

(the first row), m =—1 and £ =

—75° (the second row). The photos were taken in the monochromatic light (A = 546 nm)

for the crossed linear polarizer (LP) and analyzer (LA) at the polarizer orientation LP 0° (a), for the crossed circular
polarizer (CP) and analyzer (CA) at the light incidence angle oo = 0° (b) and o = 5.33° (¢). The corresponding director
field distributions on the top substrate calculated by eq. (5) (d)

Puc. 3. POM d¢ororpadun yyactkoB o6pa3siia HemMaTka ¢ Oy HKyMaMHy, UMEIOIIVMU CHITy m = +1 ¥ yron 3aKkpyTKH
& =90° (nepBbli psin), m =—1 u yron 3akpytku & = —75° (Bropoii psin). @ororpadun crenansl B MOHOXPOMAaTHIECKOM
cBere (A = 546 HM) B reOMETPHH CKPEIICHHBIX JIMHEIHBIX noysipu3atopa (LP) u ananusaropa (LA) a1 opueHTanuu
nossipuzatopa LP 0° (a), ckpermeHHbIX TUPKYISIpHBIX nossipuszatopa (CP) u ananuszaropa (CA) 1uis yIiaoB nageHus
cera o= 0° (b) u a = 5,33° (¢). PaccunranHble 110 ypaBHEHHUIO (5) COOTBETCTBYIOIINE PACTIPEACICHHUS OIS
IUPEKTOpa Ha BepxHeil motoxke (d)
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Fig. 4. POM photos of the sample area of cholesteric with boojum of m = +1 strength and the twisting
angle on the top substrate & = —106° taken in the monochromatic light (A = 546 nm) for the crossed
at 58° angle linear polarizers at the polarizer orientation LP 0° (a), for the crossed circular polarizers
at the light incidence angle o = 0° (b) and a = 5.33° (¢). The corresponding director field distributions
on the top substrate (), at the layer center (¢) and on the bottom substrate (f) calculated by equation
(5) considering the conditions (2)

Puc. 4. POM ¢otorpadun ygactka o0pasiia XoecTeprka ¢ OymKyMOM, HMEIOIIIMHE CUITY 711 = +1 ¥ yromi
3aKpYTKU Ha BepxHeil momtoxke & = —106°, cienaHHbIe B MOHOXPOMATHYECKOM cBeTe (A = 546 HM)
B F€OMETPHH CKPEIEHHBIX 0] YIJIOM 58° JIMHEHHBIX HOIIPU3aTOPOB IS OpUEHTAIMH nossipu3atopa LP
0° (@), CKpeIICHHBIX IIMPKYJIIPHBIX TOJSIPU3aTOPOB U YIJIOB masieHus ceera o = 0° (b) m o= 5,33° (¢).
PaccunTansble 1o ypaBHeHUIO (5) ¢ yyeToM ycioBHs (2) COOTBETCTBYIOLIHME pacIpeIeIeHUs OIS
JIMPEKTOpa Ha BepxHeil noasiokke (d), B LEHTpe c1os (e) ¥ Ha HIDKHEH HouIoKKe (f)
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Fig. 5. POM photos of the sample area of cholesteric with boojum of m = —1 strength and the twisting
angle on the top substrate & = —116° taken in the monochromatic light (A = 546 nm) for the crossed
at 58° angle linear polarizers at the polarizer orientation LP 0° (@), for the crossed circular polarizers
at the light incidence angle o = 0° (b) and o = 5.33° (c). The corresponding director field distributions
on the top substrate (d), at the layer center (e) and on the bottom substrate (f) calculated by equation
(5) considering the conditions (2)

Puc. 5. POM ¢ororpadum yuactka odpasiia xoiaecTeprka ¢ OymKyMOM, HMEIOIIMMHE CHITy m =—1 ¥ yron
3aKpyTKH Ha BepxHeit nomnoxke & = —116°, caenannsie B MOHOXpoMaTuieckoM cete (A = 546 HM)
B F€OMETPUM CKPELCHHBIX IT0J] YIJIOM 58° JTMHEHHBIX MOMIAPU3aTOPOB AN OpHEHTAIMH Hossipu3artopa LP
0° (@), CKpeIeHHBIX TUPKYIIPHBIX TOJSIPU3aTOPOB VT YIJIOB majieHus ceera o = 0° (b) m a = 5,33° (¢).
Paccunrannsle o ypaBHEHHIO (5) ¢ y4eToM ycioBHs (2) COOTBETCTBYIOIINE PACIPEACICHIS OIS
JIUPEKTOpa Ha BepXHEH MouIoxkkKe (d), B IEHTpe CIIos (e) ¥ HIDKHEH HouIokKKe (f)
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Fig. 4 shows a boojum with m = +1, for which the ex-
tinction bands form a straight cross rotated at an angle
of —16° with respect to the direction of the polarizer.
Observations with oblique incidence of light on the cell
(fig. 4, ¢) show that o, and, consequently, the value
¢o(x, ¥) = 0, is observed at an angle { = 90°. In this case,
in the approximation of the linear dependence of the azi-
muthal angle of the director on the coordinate z (equation
(2)), the twisting angle of the boojum on the upper
substrate can be found from the relation (+1-:90° + & =
= @rorar/2), whence &, = —106° (fig. 4, d), while on the
lower substrate & ,, = —74° (fig. 4, f). The orientation
of the four extinction lines corresponds to the condition
when ¢_;, equals 0°, £ 90° and —180°, which corresponds
to angles 74°, 164°, —16°, —106° and is consistent with the
orientation of extinction bands observed in the geometry
of crossed polarizers (fig. 4, a).

The twisting angle of boojums with m =—1 (fig. 5) can
be determined in a similar manner. The cross that forms
the extinction bands is oriented at an angle of approxi-
mately 5° to the polarizer (fig. 5, a), while 6, is reached
at an angle of { = —100° (fig. 5, ¢). This corresponds to the
twisting angle of the boojum on the upper substrate which
is found from the relation (—1:(=100°) + & = @rorar/2),
whence &4, =-116° (fig. 5, d). On the lower substrate, it
corresponds to a boojum with & 4, = —84° (fig. 5, f).

Conclusion. In this work we propose a method of
oblique incidence of light on an LC cell which makes it
possible to determine the polar and azimuthal angles of
the director orientation in the case of conical boundary
conditions. The capabilities of this method were demon-
strated by the example of point topological defects-
boojums that form in nematic with a director tilt angle at
the boundary 0,, = 40°, for which the defect strength m
and twisting angles & were first determined. It is shown
that in the used nematic liquid crystal LN-396, there
is a tendency for the formation of boojums with m = +1,
having a twisting angle & = + 90°. This method is also
applicable for a twisted cholesteric structure. In this case,
if the Mauguin regime is fulfilled, the maximum phase
difference 6,,x between the ordinary and extraordinary
beams is achieved at the azimuthal orientation of the di-
rector at the center of the layer ¢, (x, y) = 0, regardless
of the total angle of rotation of the director @rorar. Using
the proposed method, we determined the orientational
structure of boojums, formed on the upper and lower sub-
strates specifying conical anchoring for the liquid crystal.
The results obtained are of interest for studies of struc-
tured materials, analysis of defect structure by optical
methods, and the developed method of oblique incidence
of light can potentially be used to analyze a wide class of
optically anisotropic and chiral media, such as smectics,
nematics and cholesterics with tilted or hybrid boundary
conditions.

It is necessary to note the applied significance of the
research results, since liquid crystal media today remain
the most competitive functional materials for use in opto-
electronic devices requiring low weight and dimensions,
low-voltage control and low power consumption which,
for example, is very important for use in space technolo-
gies.
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