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Influence of Elastic Deformation of Chiral Nematic Liquid Crystal on
Helical Optic Axis Rotation Angle and Electro-Optics Response Time

Guan Ronghua Yang Liwei
(School of Mathematics and Physics, North China Electric Power University, Baoding, Hebei 071003, China)

Abstract As the helical axis of chiral nematic liquid is the optic axis, its spatial orientation affects the
characteristics of the light propagation in liquid crystal directly. This paper studies on the influence of splay and bend
deformation of chiral nematic liquid crystal on helical optic axis rotation angle and response time of flexoelectric effect
by combining theoretical analysis and numerical simulation. Assuming chiral nematic liquid crystal molecules have a
uniform rotation helix axis both in static equilibrium state and dynamic state and ignoring the dielectric anisotropy,
the free energy densities of the two different states are calculated. The equilibrium equation and torque balance
equation of the helical axis rotation angle are derived by using the Euler-Lagrange equations. The influences of the
two deformation differences on helix axis tilt angle and response characteristics are discussed by numerical
calculation. The results show that the difference of the two deformations makes both the helical axis rotation angle
and the characteristic response time change. The bigger the difference is, the faster the change will be. The effects
above can not be ignored. The results obtained in this paper provide a basis for rapid electro-optics response.
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Fig. 1 Diagram of ULH configuration and the director n in a-y plane
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Fig. 2 Director distribution in the absence of electric
field. (a) Director distribution in 2~y plane; (b)

helical structure in y-z plane
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Fig. 3 Director distribution in the presence of electric
field. (a) Director distribution in -y plane; (b)

helical structure in y-z plane
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Material parameter Symbol an value

Splay elastic constant /pN K, =6
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TR (12) 3 Bk — 2 73 A R il 5 2 gk
T2 AL 22 50 FAE 1) 51 A s 12 st v, % e i f £ 114 2
Wi - 5 BTN B9 A A, BB R 38 /N EE T

DO
(o)

—K,=6pN

— Do
o S

—
(=]

Tilt angle ¢ /(°)

(o)

o 2 4 6 8 10
Electric filed £ /(Veum™)
P4y 3 AR HCHROAS ] i P 1 8 e 2 £ A
B P 375 114 2 i 26
Fig. 4 Tilt angle as a function of the applied electric
field for different bend elastic constants
DT 20 (12) 2 i Z s i, Ko o
2eE

(K, + Kt~
(1) R RPN Castles ZEHI 25 iy 45 5L,

AP SR L2 TR g 2R i (14) 3O AR 2 1Y
(12) AT M o 3 A 7E i il 5 25 A i 3R
K2 AN KT 3 » 24 PRI AR 22 S 3 Rt . (14) 53X
HURPRE/=R TRl N 1 72w N7, A AP we Y LT ST e
B 5 FIE 6 LS IE

5 FIEL 6 739 45 1 1 7 22 5l A5/ 1 2 ) 4
KPR T QORF5A R, Kl A
AD AR B oy (12) 345 % . hE 5 Al Al
P BB M R A A, AT IAE K 5 Ky 2504
RGBT SCHRL2] iy (14) 2wl B4 He il
BRI Rh A B ERR A 6 L IR K 5 K, 2
WL HZ RO Ko = 3 pNL. Ky = 7 pN, LT
MZHh Ko = 3 pNLK; = 8 pN, HRSE ) H]
R MEIE. & 6 AT LIRS, B Rl 5 2

tan ¢ = (14)

0216001-4



KIS

SERP TS 28 X T R ot R 8 D' il e L Y ) i R i Y )

s
3 - .

o 184 B
S 15
< 8 9.1 9.2
o0
g 10
E

5

0 1 1 n 1

0 2 4 6 8 10

Electric filed E /(Vepm™)

K5 (12) 25 (14) 26 37 19 728 4 il 28
Fig. 5 Formula (12) and formula (14) as a function
of the applied electric field
30

—— K,=3pN, K,=7pN N
25| oo K =3pN, K,=8 pN

Do
(=

Tlit angle ¢ /(°)
S &

[

OO

2 4 6 8 10
Electric filed E /(Veum™)
6 O[] sk AR A8 22 5 F (12) 505 (14) 5K
Fifi Fi, 37 1) 72 Ak il 4k 2k
Fig. 6 Formula (12) and formula (14) as a function of the

applied electric field for different deformation differences
WP R B E MR R, (14) X5 A2) KA RS
28 A AR B X A AL s (14) 2O P .
b (12) AT DU IE 3P T8 A8 22 551 % e it ri 8 il
00 F B9 52 T o AT LA A T, S REUAS S A [R] 37 TS MR
007 HE BRI ROR i 28/ K 5 K i 2251 1
Ky 5 K, WX EAARE QPR K 5 K 2
SN AR ARE ) R T Al 5 £ 552 o DR 22 031 R ) R Y
WE T st £

AL P g A A R B R L B AL TR A
s 3 SCHR2 5 143 B 24 20 HE A TAE AT G
OUF R, DL B SRR T T GBI L HORE A 1Y
S5 LATHER AT LA BT 45 Hh i Jr AR

3 ey FL AR HH 3 1 2R o A A

TAE 0 51 AR T 5 e P A B 4 4
LR 3 ELCE O I 6 S 4 T B 0 1k
U 1+ R S 5 000 T o P 25 0 b L
SR T A A RO

Patel S /N BEIEMKL K, = Ko, = ¢, =
eve, = 0 WML A3 8] T FAE ) 51 W i e ity H 928
JVE il 119 32 Bl 7 - £ 7 R o ) BN ] L 7 R B
B 2n/ty = 0.5 pm B}, XA TS H K, = K, =
10 pNLIEFXF 7 4 0.1 ~ 1. 0P Wy FEE T . 454
Wi B BNF ] 7 2 10~100 ps, S M 458 « KZ N
100 pus. FIE FM 5 52 56 45 B i FBRAEAI AT, B
| Patel 5 1) TAF . 8 &8 19 52 $% il 8500, 2
W TSI 56 H R R R gl R P R B R T
A HIE T RIS I 45 RO AT 2 A . AT
% & Patel 2550 1) TAE, 3436 — M1 00 T 19 He
HL RN 328 By 5 ST A7 5 A SR P e g e T]

#E Patel 55 0 TAE D REG A I REB N

f - %K] <9y)2 +%K2([0 _0:)2 _éEe.V' (15)

BAE X A5 R T HFES  RWE R [ k| =1 . 2
/J\ﬁéﬁ‘%‘(ﬂﬂtﬁwﬂu ’av~fo sin ¢==1,9,0. 21, cos p==t, ,
3

f= %Klt%sé? —éeEt, ¢, (16)

(16) X F R AR HECHIBUTE Z WM 6 B REM &
FHREE B T 58 il A AR Ak R 3 R S O R
AR W . D E=E +E,,
(16) AT K

¢E. ., ek, eE,

1 2
f: ?Kl[(toﬁﬁ_ Kl ) _ZKiltogD_ <K71> }7
17
KPR E, = 18K, /e, E, W) RGOV 5T IR E
i o S ER AN S B QD X E R RN T .
i 1 ek, eE . \?
f:?Kl[*Z K, to‘ﬁ*(z) }, (18)
HADNXUEFER. 5 E HERMIIMTHSES
rForE A AR, E T R ST AR X T
IR e e A ¢ 1Y R SR A B RE . 7E AR IR S
TRELAHBEEEE TR KLY E, S5hil ik
RS A B X AR 7 (A5 FE SR i AR P BT IR ST R4
S B HRERT A T 4 B oK HE B e A B il R
HRew R RAE, LR K # K i, REEAA
951 B RS B )
[ C16) 2 5% 0 F 5 R 2L = — oy g
K, =K FERIG 00T 0 5 5 V-1 5 72 R
71 (%)Z_K112¢+5Eloa (19)
HAR R BB R o0 = /(Kod) s EAKE T

0216001-5



2 i

Yok
MAETiE— BN, KRG A HBE® E H (2) ~
WA, BRERGTEE S-S B A
g — IR i, ELPRRCIR AR . 2 0 S b 40 A AH
[F] s 3~ 43 A AR AS o A (] W 25 $00t L 15 A
BRI
g :%j(%A@h — ey sin $— Kut,cos $)do—

0

kS

%JeEzsin bdo, (20)

APt B G R S E L Ey M C R M ER
gy Horh By b 1 bR A i S8R G B R o B
{10~ £ 1L 37 A L 3 I OB AN T
sing e« (K, +K;3) <t
2e )
(20) A H 55 — T Ry PR S MR BEC R A oy 6 B R
GirYE B BRIy SRR E AHCH
B A RE . R (8 ~ Q0O XM R, T
RN R ¢ A RGN A R, B

E, = 2

H2E ¢ MR
1 #*(—Eesin ¢ —K,t,cos $)°
g="5" = +
" 2
(| vAdo)
0
7' (— E,esin ¢ — K,1,cos $) E,esin 95’ (22)

T

(J JKd@)2

2R A 198 AR 20 HEA T SRR TT L BRI P IT . I (21
HACA L2 [ i e % (22) Uik — 22 FRoR

2

1 — &
g = i10 <2>Z[2E€bln é—
2 1,
(13
(Kl +K371/2)t()sinz¢+K2t0COS ¢]7 (23)

- 2 __ 7K37151n2¢
At = Kisin’¢ 4 K,cos’¢°
TE/NA BT sin ¢ & ¢,cos pa 1, % oz
RS (29) KM R T, —— v, 9 T

H

N\

F
71 % - [()#()[Eé - (Kl +K371/2)[()¢], (24)
EO

(24) B S TFAIE i 51 ¥ A% S i AL 02 e ' e
Mo T 6 2 M R s o5 . BLIA g E =

5 Vepm 'JFHGR 1 SHONBIIEFTBUE T 75 2
] ¢ XPAA 6 00 M S KOBE ¢ ff A8 AL 3T S R
B 7R

1.6

at
Partial derivative b /(10s)
(=] — - —
) o o 'S

=
=)

0.4 ' ' : : : :
0 002 0.04 0.06 0.08 0.10 0.12 0.14
Tilt angle ¢ /rad

BT S Hkae/ s B 6 Akl 2k
Fig. 7 Partial derivatives d¢/d¢ as a function of ¢
K7 924 A FEZR B 4y iR (24) R B (19)
L A2 R R A0, b A il sk BB K, K
Pl HL IS REC R A B RGO, R i AR Ak R R,
X R 5 32 Bl 1 0 B KL TR R il R i ke

ﬂ%%%%ﬁ%ﬁgi(kwﬂxﬁﬂﬁwmﬁﬂ

2T 1 TR A AR i I B TR K 240 107 s, X
— 2R Sk 2 — 3 WME AR AT A .

B (24) 3 & AT RAE— 25 8 DL ()8

1) T R a7 A 2 g 3 s (1]

SRS T A e S i A R P R G 948 Bl R
Hg$() = p(0)exp(—t/7,) Hih $(0) = eE/(K, +
K /2>t Hh IG5 20 JEARR M 17 B 8]

71
2 — IR (25)
© (K K /28

CIARS S A R R VA N IR IR B N i i Rl 7
SR EAE Ky 5 Ky AR s &~ 1,(25) R
o= 2y /(K + Kt Bl 53k [2,9] 44 H i
SERMN .20 WA B T K, 5 Ko 1922 556 Fe itk
M) SO BSF ) £ 5 ) o S B B T o /AN 1K 5 K 1
22 T ) A7 7 A A5 g 1o B i) AR 4, B B ) 2 b AR 22
R4 (25) K FTRIAF I 7 Ky 5 Ky 197 B {E AR [F] Y
PIRIRE L K 5 Ky 22 511/ 0 R 3 ) 2 e
SPRE T Ky 5 Ky 2251 KA RE) 3l ) 2Rk

2) b AR R is 2

REAERHER T, A HREE 8 7 B B oK
(24) 15 3

$(t) =

K, +§€71/2>z0 [1 N expké”’

0216001-6



KIS

SERP TS 28 X T R ot R 8 D' il e L Y ) i R i Y )

(26) 345 1 it Fi 3 i ) SR ' ek 050 £ i P (]
AR F . 1 (26)AF R E] ¢ TR . R Gk F
Tt A VA4 285 B R Y Hal 16 £

$(0) = eE/[(K, + Ky /21, . 27)

4 4k ®

65 T 1 19 910 ATV 50 43 1932 B0k B0 A OF- A5
B T2 1 3 o T R AT R
TR FEY 3L 7 R O P 5 7 s 4 5 o T 8 g o 4
e 47 S B 2 W A P AR R . T
TR R R A8 1 2 S T 1 90K
0 Y ek 2L U T Ay % e 5 O B T £ 0
GERL T AL E TR BRI S (922 B I R S
A ek, L S 0 % v, I 6 7 D 4 B 6 4L
{5 445 S AL 320 100 30K T O 8 25 B bR A
B 01 55 0t R H O B £ B Y o 0 i
S L A7 205 /N R O O B 6] A8 O B R O
AR 25 R R AR BT . AR AR R L
061 £ LB R ORI K, 5 K, 9229
1€ K, 5 K, 0B (AR 0w st e R LK, 5 K,
2 /N PR ek 0 L 7 52 Bk T 2 K o ML
G0 AT A L K 5K, 2 50 9 7 7 £ 75 W o B
A5 L BB 1 2 AR 25 1 K 5 K, 97 B A
R B R BB K 5K 22 BN R B ) 2
BRI T Ko 5 K, 220K 10 8h 772 4 bk . o 44
S TR PR TSR 4 o L % i el 25 R R
2t 1 25X T LIR 5 2R G 8 A1 5 1 T I v

W o7 T [¥1) AT B GE 'l AT Ay 14 A2 25 AR . PP A PR 46
T DA Y L DI BR G WD L ik P 3 TR A R Y
il A 55 0 SR A T e AR A

it RBTRAILRFRIAKRZERKNRAHE
FRPLTHELRAZGIEF.

Z F X

1D Pauluth, K Tarumi. Optimization of liquid crystals for
television[JJ. ] SID, 2005, 13(8): 693—702.

2 Flynn Castles, Stephen M Morris, Damian J Gardiner, e al..
Ultra-fast-switching flexoelectric liquid-crystal display with high
contrast [J]. J SID, 2010, 18(2): 128—133.

3 F Castles, S M Morris, H J Coles. Flexoelectro-optic properties
of chiral nematic liquid crystals in the uniform standing helix
configuration[ J]. Phys Rev E, 2009, 80(3); 031709.

4 Robert B Meyer. Piezoelectric effects in liquid crystals[J]. Phys
Rev Lett, 1969, 22(18). 918—921.

5] S Patel, R B Meyer. Flexoeleectric electro-optics of a
cholesteric liquid crystal [J]. Phys Rev Lett, 1987, 58 (15):
1538 —1540.

6 J S Patel, Sin-Doo Lee. Fast linear electro-optic effect based on
cholesteric liquid crystals[J]. J Appl Phys, 1989, 66(4): 1878 —
1881.

7 Sin-Doo Lee, J S Patel, Robert B Meyer. Effect of flexoelectric
coupling on helix distortions in cholesteric liquid crystal [J]. J
Appl Phys, 1990, 67(3): 1293—1297.

8 Xing Hongyu., Ye Wejiang, Si Libin, e al.. Influence
offlexoelectric effect on guided mode of hybrid-aligned nematic
liquid crystal [J]. Acta Optic Sinica, 2013, 33(2): 0223002.
JRLLE , W3V, FISEME . 5. IRA HES 19 51 AR W R T A b Bl
ML M EMALT ], Jt2sadl, 2013, 33(2): 0223002,

9S M Morriss, M ] Clarkes, A E Blatch, e al.. Structure-
{lexoelastic properties of bimesogenic liquid crystals [J]. Phys
Rev E, 2007, 75(4) . 041701.

EE&RE: # %

0216001-7



