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Focal Conics in Chiral Smectic C Liquid Crystals

Nobuhiko NAWA

In the chiral smectic C phase, the characteristics of focal conics have been investigat-
ed by means of a polarizing microscope. Witha magnecic’field applied parallel to the
cell, isolated focal conics in the shape of ellipses are produced in the layer structure of
chevrons. The major axes of all ellipses are parallel to the magnetic field. It is
confirmed that the shape of focal conics coincides with ellipses which were drawn by
an instrument. By measuring a number of focal conics, it is also found that the size
of ellipses is widely distributed, but their shapes are similar. The shape of ellipses
depends on the temperature; as the temperature decreases, the eccentricity of the
ellipses decreases. The number of focal conics increases as the temperature
decreases. The change in shape and increase in number of focal conics reflect the
increase in the layer tilt angle of chevrons.
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Fig.1. Schematic representation of molecular alignment in the nematic (a), smectic A (b), smectic
C (c) and chiral smectic C (d) phases.
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Fig.2. Experimental setup.
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Fig.3. Micrographs of CS1017 in a cell 150um in thickness: (@) T-Tc=-2'C, (b) T-T,xc=—4'C and (c)
T-T,.=—10°C. The arrow in (a) indicates the magnetic field direction. The sign of [<<<]
in (c) denotes the direction of the chevrons.
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Fig.4. Layer structure of smectic liquid crystals: () smectic A layers normal to the substrates, and
(b) chiral smectic C layers showing the symmetric chevrons. d, and d. are layer thicknesses.

v is the layer tilt angle.
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Fig.5. Schematic representation of Dupin cyclides and focal conics: (a) typical cyclides for the case
of an ellipse (L,) and a hyperbola (L;), and (b) focal conics connected to the chevron
structure. g is the angle between the z axis and the asymptote of the hyperbola.

F 2,3 (Dupin) O34 754 F (cyclide) & Y iZnhsdimEECcHRBE I N5, Fig. 5(a)
WHEML, e WL, 2853 294 7 54 FOMEZT T, HBAENHBEEWICEER
FHEIZO->THB Y RLEOBRIEH 20T, TS ITHEMHEHE (focal conics, 7+ —H )V
a=v 7 A) k&N B Fig 5@)IIHIH L BMEL2FFRMEOFAEGFHR L TEAA T F
v 7HDBRERRABICEDLLTWS, ZOLIRFBOERTHETT >N RIEHED 7
F—ANIZy 7 RAETIENTHBR2, ¥ 7 urvBET, ENEECITNNs
WHRRERTHIMAI R EANKE S 8D, IOEADENT BB THNAH VI 7 +—4
Va7 ABEREND EEZOND,

BREErEVEEL TR TSy 2 7o BER 74— N a2y 7 AR DAL Z
ENTE 5 (Fig. 5b)1D, Z T, BEEZzYTHIZ, HMIZyzFHIcO->TED, ¥ =
Tu ryHEOB Iz U Ty EWT WS, Lzd - T, Fig. 3R o3RG,
AR (2 FE) KERESNE T r—AdNVa=y 7 A%, HBACERER > SR
bOTH5, BHOKFANCREEDOED & > BHABNAHL TWwa, ZARIEEITED
AFEHEAOENAPHERLEEREE N DTH D, LB TT7+r—ANa=y 7 A0
HFRED S EOFNE D FEERET 5 LN TE S, Fig. 3BT, Bix[<<<]
DX IhEE L TWw 3,

3. 2 ZA—ANaAZ v AOEENEE

B—SmC* IOz, HENKRER 7 —ANVa=y 7 AN LTRSS L &,
BEOEALND 2L, TOBROFMERRDL I LBEFTH S, T I T, &7, Fig. 6(a)
WRELNDZHMBINE 7 Ay —ha=y 7 XA E{EHE (F7 X, KEPLER-50) Cifiv>7-#5
O ZHE LTz, ERS NI OEI R 7 + —A o=y 7 A0EB X UE
B ZnFNRAICAKESDOLE, MBEFPTNEDELEAL—HERL, 2D b,
TA—ANA=y 7 ADTARCEA MR\ E E, ZOBMRERCHER -T2 23
EroND,



14

Fig.6. Micrographs of CS1017 in a cell 150um in thickness: (a) T-Txc=-7°C, and (b) T-Txc=—13°C.
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Fig.7. Distribution of the sizes of ellipses in CS1017 (T-T,c=—13°C).
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Fig.8. Temperature dependences of b/a ratio and layer tilt angle of CS1017.



16

d= v 7 AR—RERSTFRASICERCERENDOT, ZOMREBREOFEHZEHET 2
CEEFBEL W, T x—ANT =y 7 ADEIXGHIEE R HIKEL 12, 0.2°C/minD e HIEE
T, BRENE 74 —ANa=v 7 AR %L, 0.5C/minTREBD 7 +—Avazy
7 AR E N, TORERIEZ, BRSTEREOHEABL TRHIEENKE R EHZE
T e BABLT RS,

AAZF v THOBRENEET A HIE 74— N2z 7 ADERBTERTH
D, 7a—AN2=9 7 ABEERI NI DI RBEHEIEL L sk, R,
BHEOFEILE 7 A NIy 7 AOEREBREICA A =X LCEEAL TWwa,

o

BRI RBFA ML 25 o B 2D 5% % &, SmCHETIIRIA T
BH| LIz 74 —ANITZy 7 ADBBREND, 7r—ANVI=y 7 ARHEKT A EMITE
WEMIZFETTH 5,

TA—ANa=y 7 AZHERTHEAORE SZ—E TRV, REN—EDL X,
ZOWRBELETH B, £, 74—ANT=y 7 A0 S EREDOMEL A LiE
EEBPHDLIENTE S,

FEROTARIZEBECKEL, Hi s RO aZBEMET T2 LBRT 2, 74—
ANA=y 7 ADFAREIE, BOBESANREORD & EHIHEMT 3 I LR LT
%o

i

FFRO—EIIFEOEHD b L1991 FEAFER I, PHET, MILIZEK, 1992
FERIGIEY, RHEN, 1993FEEHIE, HFEZEINV-TCIVTLbNIbDTH S,
LZEERZRT %,

SEXH

1. N. A.Clark and S. T. Lagerwall: Ferroelectric Liquid Crystals, ed. J. W. Goodby et al.
(Gordon and Breach, 1991) p. 24.

2. A. Fukuda, Y. Ouchi, H. Arai, H. Takano, K. Ishikawa, H. Takezoe: Liq. Cryst. §,
1055, 1989.

3. N. Hiji, A. D. L. Chandani, S. Nishiyama, Y. Ouchi, H. Takezoe, A. Fukuda: Fer-

roelectrics. 85, 99, 1988.

N. Nawa: Jpn. J. Appl. Phys. 33, 5888, 1994.

Ch. S. Rosenblatt, R. Pindak, N. A. Clark and R. B. Meyer: J. Phys. (France) 38, 1105,

1977.

1. W. Stewart: Liq. Cryst. 15, 859, 1993.

M. Nakagawa: Jpn. J. Appl. Phys. 28, 1636, 1989.

N. Nawa: Jpn. J. Appl. Phys. 28, 346 1990.

K. Nakamura and T. Akahane: Jpn. J. Appl. Phys. 28, L1167, 1990.

. T. P. Rieker, M. A. Clark, G. S. Smith, D. S. Parmar, E. B. Sirota and C. R. Safina:

Phys, Rev, Lett. 59, 2658, 1987.

11. Y. Ouchi, J. Lee, H. Takezoe, A. Fukuda, K. Kondo, T. Kitamura and A. Mukoh: Jpn.
J. Appl. Phys. 27, L725, 1988

12. G. W. Gray and J. W. Goodby: Smectic Liquid Crystals, (Leonard Hill, 1984) p. 14.

[S2 RN

S WO 00~

—



13
14
15

17

. J. Rault: Philos. Mag. 34, 753, 1976.

. N. Nawa: Sci. & Eng. Res. Rep. of Waseda Univ. 40, 316, 1993.

. Y. Ouchi, Y Takanishi, H. Takezoe and A. Fukuda: Jpn. J. Appl. Phys. 28, 2547,
1989.

. N. Nawa: Jpn. J. Appl. Phys. 34, 1995 (to be published).



