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Abstract
In this paper, the orientational elasticity of C5, nematic phase is derived based on the
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expression of the stability points of volume energy and free energy for the nematic
phase formed by liquid crystal molecules with C5, symmetry. This expression can
reflect the symmetry of local anisotropy of liquid crystal phase to a certain extent,
and the coefficients are related to molecular parameters, which has clear physical

significance.
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1. 5|5

WA — A TGS S A K RS, RSB R A RS e R R AL e B,
SRR VR s 73 A0 = S VAR A % 1) S O B (1), SRR A IR AR 2 A IR S AR ) B S, TR
i RS0 AR R Aol AR . R % i S M2 VA (PO S ARAE T BRI T 2R AE, Ak
RET, SRR TS AR 2L 55 40 AR AL RB AL AR 5T AR R F1U AR, A RE Y
FEAARAANR]. BA Cop RIFRVE RIS 7> T SRS R 2%, AR AR AR 1L, VSR R T R 51
H, AL EEHFIHIE I RA Cop RTFRIER [ 51 AR ) 34

i DU, %) B Sl e 27RO s 110 350 5 1) S A T A 17 S (R o BR R 5, 388 FH B 48 17 Ok o AR
JR BRI A]. HARTEAR /NI Fi 1) [ 228 BT DL AN T, R Ik e S 8 e I B e O A B x [ ER
B, Bl no= n(x). B3 F AR & P REE T2 B ] LLE I Oseen-Frank fERIE, ‘ERKT n(x) M2 K,
Hrh =1 nl s e, Hih, S =4 mEeE [2).

Oseen-Frank 88 & X #0420 K; & B A EEE . /£ 7, Frederiks 88 N5 T #IR 5
T B L [3-5], M Kaur 5 A SCERXT B A BT 431 1 B SRl AE 6 h A 2B 7T [6-8), FF HL
Sathyanarayana 55 N 70 1 7 £27% 45+ SR TE 150 1) Bl AH 00 58014 55 2 (9, 10] . 0T e B 2R 4G
I 731, vl R R I FHAh I FIAH, nd& #2820 1 R BRI 51UAR (11, 12]. 55T XU F1 A, ©
A TAETL T B BUm st R 3, ARSI [13-15].

FE 5T B FE R, Li. A0 X, B0 & 8278 43 1 % B 09 XU 7] 510 A V0 2 37 T A 22 80 ) 2 4
AL [16], B A S TR A PR ZE T Rk e B AR . B b R AN e TG Ok ) — i
2 B R IB WA 1) R0 % r) S, RIOSURH R) 21 AH T AR AR Re AR A, 1931 1 B s e i R a8 =, Herp
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KRB 5 70T WS B R, DR A Il PR P B i S XA OB AR AUL T BA B R .

E AR AR R S B 731 45 R 0l A 3 B M BAT LB . JE T Omsager 70 7 BAR AL 5%
MR R B RS 70 T ST K, W T 7 BB A0Sk E R AR B HE T ARG Y 4 fiR )
g, SCRERE 3 o B i X ek R R R, BRI, B FEAN RIS AR T IR B (R s B
LRI . B SRR R S 2 T AR 2L — B S, RS IR T 7 BRI S E AR ) ) d RE
RIEAHESRE N [17). A BA Cop XIFRVER 73 T EA oy XIFRPERI R FIAW G, T
T A SR ) BARSRAR . SRS AR OO AT B AT S — AR, EAR R s s A . s
FIEREVE T 2T Onsager 70 TEHIRKI A HRERE, REFHWARL S D T728H K, RAMHER
X.

ASCHESE — Nl T HESHUA SRR T /5 (R ARTE, A 5KR IS SR — LY AT 5 A U .
F=ATE 2 Ak E AR R B B RERIE. RS VU VEANHE S T RAT Oy XEFRVE RS AR T B HR A 55
Ve, I H A e S g A S BRSO, f 5 AR SR U RS T AR S T B RN 7T

2. RESWHETF

A g S B B R A G A A 7 AR ACER 18, HL A AR [RI4R AR 2 66 ] Einstein KAL)
iE .

HRN KR MMM S ISE, — Bk, R 1) n BrokE U 7T ESH LSRR (e1, €0, e3)
NRIENIEG RN, L e, - e, BISKERENILIR, iy, - i, € {1,2,3}, B n
ok U RikN

U = Uil"'ineil ® e ® ein’

R UG, ., KR U IR TER T RIAAER. AN SKE 8] 1 R 5 R sk B R4 R I8 5, R Rl 5K
B UMV B4 U -V ESCOVENTRIAE bR A& R ECER, BN > BRI, id 8

U-V=U. i,V

1~~-in

FHEIUP =U-U. HIETE, ARk ER IR N Mr .

WX T {1, n} UERHES] o, nbh ik BUBG AR B Uy, i) = Usy oy MIFRE 1
TR R 5T R e SNSRI AM BRI — I, B/ o — 2 ok

(trU)i, i = Uiy iy ok

BRI U WL 0xU = 0, MR U AR IR

Uil'“in = (ml)il tee (mn)in,il, s ,’L.n = 1, 2, 3.
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B FAE ISR N R Rk &, T DM IS 5 n I FRak E RS (1]

mfmpmd = (me emems omeme - om) (2.1)

sym

k1 ko ks

HrP By + ko + ks = n. SRR n BrokE, W LUK RS — DX ARIKE AT — > SO R sk & 2 A,
P R o Kon N

1
(Usym)il---in - *' E Uig(1)"'iu(n)‘
n.
o

(2.1) BRIE T B FFGE T HE B2, WREIEACHRSE p = (ny, ny, n3).

M ky 4 ko + ks = n B, ATH—HZANET R n (R FRGK B RELE, (AR R AR K R AR e
RAFERENER Y, KIEN my, my, mg FFRZ T, P ESEKE { Romh

L2 2 2
1 =m; +m; + m;,

Eﬁ‘%ﬁﬁﬁﬁ‘]i@ﬁﬂ%%ﬂﬁ Kroneker fq‘%, R iij = 6ij7i,j =1,2,3, /E\:EF'

F—NEERFF SN Levi-Civita £75, RN
1, (ijk) = (123),(231), (312)
e =< 1, (ijk) = (132),(213), (321) .
0, &

177Kk E Rk Oy (18]

EIEijkmi®mj®mk
=m; ®mMy @ M3+ My @ M3 X M; +mg R m; ®my

—m; Mz @My — My @MmM; QM3 —mMz QY My Qm;. (2.2)
XWAES A — L E S,

ijk ipqg _ § . _ 4.
€77 et = 61,0kg — 0jqOkps

52';0 (5iq 5ir
eMFer =det | 85, 054 O,
5kp 5kq 6kr
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BEAh, H () #om SO(3) ERISKESE, Bl m;, ® --- @ my, ££ SO(3) LR TR p(p) B
I LIRS

SO(3)

RKTWAET V, —BriksE m A%, 45 0K ERIBRE, BB LRI BE 3R 12
(Vm)” = 8jm,-, V- -m= 3imi, (V X m)l = eijkajmk.
5Bl SO(3) LRI 55T, BEE KRG IEASARZEH) 4, rh b vy DL S 3 58 1k 1) 2Rk 5K

ERTARAE p(x) T, ny, 71 s B9 SHCH 0y - Vi, SEERRE p B0 0 S REN nainy, O
BISER 1,500 = O, TRE] A EEMHR:

nMnl,jamuj = —n)\mujam,,j .
LA, 328 p B— B S BCA WA A B [15-17):

D11 = nyingjOingj, Dig = ningjOingj, Dig = niing;0ing;,
Dy = n2in2jain3j7 Doy = nQin3jain1j7 Dy3 = nQinljain2j7 (2~3)

D3 = nBianain3j7 D3y = nSinBjain1j7 D33 = Tlgmuamzj-

3. BHAESHHERSR

FEMR > TR BE R O RIA 1 gk LR IT /5 2. ARSI S, A lgeEA0y
Flf| = Fy+ kT d 1 dmd ). 3.1
(1= Fot kT [ dmp(miogfm)+ 5 [ [ amdm’f(m)Glen, ) fm)). (3.0

HAr kp N Boltzmann H40, T NAXTEEE. MR R f(x, m) fRERE x € Q4 FAITF4EA m

15§ IR B A iR L, G(m, m') 257 AR AR R AZ R L, e — DR R4 70 1 1A 1A B

YERI A, T DL B A% 35 50 Maier-Saupe %, fESK EHIAI A, B HEERT LU XS (3.1) A% B R £k

f(x, m) E Taylor B33, H i K500 i TR @ rad B BTl 1 TS5 kg, T %
N, HORIEAESE [19].

HA oy SRR 735 BT B IR F1AH B J&5 508 % 1) et R DU AN P 2 B R (1],
Q1= (my), Q= <mf - i/3>7 Q3 = <m§ - m§>, Q4 = (mymy), (3.2)

H @ Z—MikE, Qu(a = 2,3,4) R IRZERKE. HRXWUANFZEICHHERL, B
Q = (Ql)‘n 7@4)T'
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(BB 1 FUARVBL A 70 T IR B 4 e, 2 A R AR REA BRI BERA AR, B [19)]

YD - [ (L@ m@vQ). (33)
B €

Hrf kp 72 Boltzmann W4, T RLXESE. Hrh B, M1 F, 70 BRI R & AL REE L. /NS
M e FHIRRIE RS 2 T R0 3 8 2 IR AP 5 M R L. AR AR B, BRI Q ) — VK,
Hl

2

c
Fy, = cFonropy + 5(601|Q1|2 + 002|Q2|2 + 2cp3Q2 - Q3 + Co4\Qs|2 + CO5|Q4|2)7 (3.4)

W Fontropy AT OREF B HEERRSEBICHAER . #RIERERE F, B35 VQ IIZMEITRI — I, Bl

C2

)

Fl,elast;ic =c1oV - Q1+ Qs - (V : QQ) + c12Q1 - (V ) Q3)

Fe (Fl,elastic + F2,e1astic) ) (35>

+c13Q2 -V X Qq 4 €14Q3 - V X Qu, (3.6)
By elastic = €21|VQ1[* + 22| VQa|* + 2025V Q2 - VQ3 + €24 | VQ3?

+ o5| VQu* + oV - Q1]? + 20|V - Q2 + 2¢25(V - Q2) - (V- Q3)

+ 29|V - Qs* + €210|V - Qul? + €2,13(V X Q1) - (V- Qu). (3.7)

HA i R R ey 9 TERE.

AR R AR IE A AR AR (0, np, ng) TR A FIA. £ 225 3R [20]4, Xu. 38 12 Bk & 1
EF &, XARRBERRE M EEAT 2T, 13 BIAH F FIA R AEAR L. 43 2 T O R AR Co, B
MRYEHARRARE (0 R AL, & HE R H S8 v, (R

Co1

FEARTUE R, FERE R R R Oy, MIBIAIRIFFIERRZEN [20,21]

i
Q1 =din;, Q=5 (n% - g) + bZ(ng - ng),
i

3) +b3(n3 —n3), Q= dinong. (3.8)

2
Q3 = s3 (n1 -

2 (3.8) HHIARE dy, da, by, by N OIS, BUAEA Cuoy SARMERITISIA. X T L2 m AR L% 5K &
&ﬂu{iﬁa*ﬁ%@ (1’11, no, n3) iﬁiﬁ@m]ﬂ%ﬁ‘?&‘ﬁ%ﬂj
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4. BY[=05814
AP EEKE i = nf + n3 + n3, 71 (3.8) 11/ Qoo = 2,3) LB A
Qu=su (0t 5) + o 02 - n)
—s (18— ) 0 (0 1+

1
= (84 + by) 03 + 2b,n3 — <3sa + ba> i, a=23. (4.1)

N TS AL R AL, 23 B H AR A — B SO, R SO, BB s
REZFE (3.6) AP iR B (3.7).

H (3.8) Al (4.1), HAF B ot R FE (3.6) &5 A
V- Q1 =d10;n;,
Q1+ (V- Qu) =din1;0; [(sa + by ) 02 + 2b,n3 — <;sa + ba> i} .
i
=din1; [(Sa + ba) (Ojn1im15 + n1:05n1;) + 2b (9jn2in2; + N2i0jn2;)]
=d1(Sa + ba)0jn1; + 2d1baniing;j0jng;, o =2,3.

1 1 ,
Qo -V XQy=2 [(Sa + bo) n1inj + 2banging — <38a + ba> 5@} dse?" Oy (nangi + nging;)

7d4(sa + ba) e nimaj (Opnains; + noOknsi + Oxnaing; + nadkna;)

+ diba€ ' ngina; (8kn2ln3i + N2k nzi + Opnging + n2i8kn3l)

- 1d4(5a + 3ba) e85 (Oxnains; + noudkns; + Onaing; + nadkna;)
= d4(sa +b )( "n1ingingOpns; + € nlinljn3lﬁkn2i)

+ dybq, ( ngmgjngl(?kndz + € ngjﬁkngl)

- *d4(8a + 3ba )€ (Opnains; + noiOkna; + Onaina; + nziOpna;)
1
2
+ d4ba6jkln2j6kngl, a=2,3.

~di(Sa + ba )( "ninineOkns; + € nlinljn3l8kn2i)

Hrp EA R — A4 TR A:

ikl
€ n2in2jn2lakn3i
= NgiNg;(N3;N1K — NajNgk)Okng = 0,

ikl ikl ikl ikl
€ Opnong; + €7 ng Okng; + € Opnging + €7 g Oxng;
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= (n1kn2l - nunzk)a}cnzl + (nsmm - nlin?;k)akniii
+ (narn1 — nigns)Opnar + (Nogna; — NakNo;)Opna;

= 0.
¥ EIRGE RN VT Fy igstie, PTLARE]
Fi clastic =¢10d10;n1; + c11 [d1(s2 + b2)0jn1; + 2d1bangngj0jna;)
+ C12 [d1(83 + bg)ﬁjnlj + 2d1b3n1m2j8jn2i]

1 . . i
+ i3 [2d4(52 +bs) (Ejklnlinljn%akn&‘ + ﬁjklnlinljnmakn%) + d4ba6]kln2jakn3l:|

1 . . )
+ C14 [2d4(83 +b3) (Ejklnlinljn%akn&‘ + €]kln1in1jn3lak”2i) + d4baejkln2jakn3l:|
=d; [010 + c11(s2 + b2) + c12(s3 + b3)]aﬂl1i + 2d; (c11ba + c12b3)n1m2;0;09;
1 ) )
+ §d4 [013(52 + bg) + c14(s3 + bg)} (fjklnlinljnmakn:% + ejklnlinljn?)lakn%)

+ dy(c13be + 01453)6jkln2j3kn3l
=J110;n1; + Jian1n2;0,n9;

+ JlS(EjklnlinlanIakn:Si + fjklnlinljn;ﬂakn%) + J146jkln2jakn3h (4.2)
;H\:':P/%ﬁ Ju j‘j d1,d4, Si,bi (Z = 2, 3) E‘]IZI%I, E_

Ji1 = di[c10 4+ c11(s2 4 b2) + c12(s3 + b3)],  Ji2 = 2d1(c11b2 + c12b3),

1
Ji3 = 5d4 [c13(s2 + ba) 4+ c1a(s3 + b3)],  Jia = dalcizba + c14b3).

AR (2.3) ISR D6, = 1,2,3) T (4.2) PROSHO, HEHI SR,

Oiny; = 5z‘jam1j = (nQian + nsmsj)amu = D3y — D»g3,
nlin2j8in2i = Das,

ejklnlinljnmakn:}i = NNy (nBjnlk - nljnSk)akna‘i = Ds3g,
ejklnlinljn?)lakn% = nlmlj(nljn% - n2jn1k)8kn2i = Dss,

fjkln2j8kn3l = (n3kn1l - nlanI)aknsl = —Ds3y,
PR gt By N3 (4.2) b, B2IHA Dy (6,5 = 1,2,3) BFIRIEHA
F clastic =J11(D32 - D23) + J12Da3 + J13(D32 + D23) — J14 D3

=(—Ju1 + Ji2 + Ji3) D3z + (J11 + Jig — J1a)Da3

=K53Ds3 + K32D32, (4.3)

=
&
8k
4
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oA AR L) B R AR
Koz = —Jin + Jia +Ji3, Kso = Ji1 + Jig — Jia. (4.4)

BN RFEE B e B IR B, B A BRI F crasee TPRIBEEEIN, HUE
TAR A I, IR T R 2t — B A H5ETHR Fo crastic HEIBBEETUA

IVQ1|* =di(dina;)?,

1
|VQ4|2 :Edi (Oknainsj + Ognging; + Oknaingg + aanjn&')Q
1
:Zdi [ (&mgi)? + (6kn3j)2 + (5‘kn3i)2 + (8kn2j)2

+ OxnaingjOknajNg; + Okns noOknsinag;

+ OknsjngiOxnaging; + 8kn2in3jakn2jn3i]

1
= §di((8m2])2 + (61'77,3,]')2 + anjamgjnzké‘mg,k),

1
VQ. VQp =0; {(sa +by)n? + 2b,m3 — (33a + ba> i]

ik
9; {(55 +bs)n? + 2bgn3 — <;Sﬂ + b@) i} .
j
=[(8a + ba) (Oin1jn1) + n1;0in1g) + 2bs (Oin2jnak + M2j0inay)]
[(sg + bg) (Oin1nag + n1j0inag) + 2bg (Oinajnay + no;Oinag )]
= (Sa +ba) (55 + bg) (9m17)” + (Sa + ba) (55 + bs) (Oma)?
+ 4bobs (95n3;) + 4babs (9;m3;)
+ 2 (8q + ba) bg (0in1n15n2;0in2k + 110;N1,0iNo N2k )
+2(sp + bg) by (n1;0;n1,0in2N2k + O;N1jN1kN2;0;Nay)
=2(8a + ba) (55 + b5)(0in1;)? + 8babs (ding;)?
+ 4[ba(sg + bg) + bg(sa + ba)|n1;0ingn2k0inay, o, B =2,3.

HIR, THERUZ I Z RN

IV - Q1] =dF(0in1;)?,

|V - Q4|2 =0;Q4i10;Qujk
1

—4di (Oinginsk + Oinagng; + Oinginak, + 0inaxna;)
(3jn2jngk + 8jn3kn2j + ajngjnzk + 8jn2kn3j)
1

2
:Zd4 (ain2i8jn2j + 0in2ingk0jnakns; + 0;nginzp0;nsnay

+ 0inapng0jnspna; + 0inarng05narng; + 0inging;0;nsiNay,
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+ 0inginak0jnajnsi + 0inziNordjnapna; + 0;ngi0;ns;

+ 0;napnz;0jngnsy + 0inagns;0jns,ng, + 8in2kn3i8jn2kn3j)
:%di(|v ‘na[* + |V - n3|* + n3;n3:0;n21,.0;m21

+ M2jN2;0;N310; N3k, + 213;12,05 M2, 0i N3

+ 2n3kn3j8jn2k(v . 112) + 2n2jn2k8jn3k(v . ng))

(V-Qa) - (V-Qp) =[(5a + ba) (Oininig + n1;0inak) + 2by (Oinaimay, + noiOinag)]
[(sg + bg) (Ojn1;n1 + n1;05n1%) + 2bg (0jn2n2k + No;0jNak)]
= (Sa + ba)(ss + bg) (ai’fhiajnlj + Tl1m1j3m1k3jn1k)
+ 4bo¢b,6 (3in2i3jn2j + ﬂ%”%@”zk@“%)
+ 2b,(sp + bg) (nlkngkajngjamu + 19jn1,0;12,0;M1;
+ n1in2k0jng;0ingk + nlianamlkajngk>
+2b5(80 + ba) (mknzkajnljaﬂlzi + 112,05 M1, 0iM2;
+ n9in10jn1;0;nok + nginljﬁmgk@jnlk>
= (8o + ba)(s5 + bg)(|V ‘ng? + nlinljainlkajnlk)
+ 4b,bgs (|V . n2|2 + ngingjam%ajn%)
+2 [ba(85 +bg) + bs(sa + ba)] (nlmgjamlkﬁjngk

+ n1kn2j0inok(V - ny) + nyinokding g (V - nz)), a, = 2,3.
Britz A, HAREI(V x Q1) - (V- Qq) N

(VxQ1)-(V-Qu) :ﬁijkanmalQm
1 -
:§d1d4€”kajn1k (Omains; + noOing; + Oinaing; + ngdyma;).

DRI, R 2 BB RE T, 1558 TR & TR AR b pe o I RIA 50 (3.7) A

Fs clastic = c21d7(0;nq;)?
+ 22 [2(52 + b2)?(9;m15)% + 8b3(Dina;j)® + 8ba(s2 + ba)ny;0;n2n2k0imry]
+ c23[2(s2 4 ba) (53 + b3) (Dina;)? + 8babs(ing;)”
+ 4[b3(s2 + ba) + ba(s3 + b3)]n1j8m2jn2k8m1k]
+ co1 [2(s3 + b3)?(9;n1;)? + 8b3(0ina;)? + 8bs(s5 + bs)n1;0ina;nawdinyy]

1
+ Co5 §dZ((8m2J)2 + (8¢n3j)2 + 2n2j8m3jn2k8in3k)

+ caed; (9im1;)
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+ ca7 |:(52 + b2)2(]V : n1|2 + nlinljamlk@jmk) + 4b§(|V . n2|2 + ngmgjam%@jn%)
+ 4[52(52 + bz)] (nlianainlkaank + n1kn2;0inok(V - 1) + nyinok0ingg (V- n2))]

+ Cos {(82 + ba) (55 + b3) (IV - m1|* 4+ n1in1;0;n160;n1k )

+ 4bob3 (|V - m2|* + n2ing;0;makdinay )

+2[by(53 + bs) + bs(s2 + bs)] (nunzjainlkajn%

+ n1gng;Oimek(V - ny) + nyinogdingg (V- ng))}

+ ¢29 {(83 +b3)*(IV - m1|* + nying0inadimae) + 465 (|V - mo|* + naing;0inardinay)
+ 4[bs(ss + bs)] <n1in2j8in1kajn2k + n1n2;0inok(V - 1) + nyingg0ing g (V - n2)>]

1
+ ¢210 [4di(|v nof® + |V - n3|? + nginapdme Ogna;
+ N2jnok0inziOpng; + 2n3;12,0;n2;0kn3;

=+ 2n3m3j8jn2¢(v . ng) + 2n2m2k8kn3i(v . n;;))]
1 .
+ co13 [2d1d4e”k8jn1k (Omains; + noOing; + Onang; + n3laln2i)]

= J21(az‘n1j)2 + Jzz(aﬂmj)z + J23(ain3j)2
+ J2an10;n2N2k0in1 g, + Jo5n2;0;13512,0iN3),
+ Jos|V -y |? 4 Jor |V - ng|? + Jog|V - ng)?
+ J29n1iai”1kn1j8jn1k + J2,10n2iain2kn2jajn2k
+ Jon1 (nliainlkn2jajn2k + 11205k (V - my) + n1ingr0ingk (V- nz))
+ J212 (nSjn3i6jn2kain2k + N2 N2i0;N30; N3k, + 213;12,0jN2,0i N3,
+ 2n3,n3;0;102(V - Do) + 219,109,013, (V - n3)>

+ Jo2,136 78 0m 1 (Ornaina; + nayOima; + Ongina; + naOina;), (4.5)
HA R Ty, W dy,dy, s, b (0= 2,3) BEREL RRN

Jo1 = cords + 2[022(82 + b2)? + 2c23(82 + ba) (53 + b3) + caq(s3 + 53)2],
1 1
Jog = 8(cagbs + 2co3babs + c24b3) + iczsdi, Jog = 50256137

Jog = 8[022b2(82 + b)) + c23(bass + 2babs + b3sa) + ca4bs(s3 + bs)]7
Jos = Czsdi, Jog = 026d% + cor(s2 + b2)2 + 2co5(s2 + b2) (83 + b3) + Ca9(53 + b3)27

1 1
Jo7 = 4(carby + 2cogbabs + ca9b3) + Zcz,mdi, Jog = 102,10(1421,
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Jog = car(sa + ba)? + 2cag(s2 + b2) (83 + b3) + cag(s3 + b3)?,
J2710 = 4(0271)5 + 2628b2b3 + ngbg),
J2,11 = 4[027[)2(82 + bQ) + 028(6283 + 2b2b3 + b382) + C29b3($3 + bg)},

J2,12 = 102,10(1421, J2,13 = 502,13d1d4- (4-6)
NTH (2.3) FIAARFR (15), 5B H b 1 S HOT R R (A6 &, /T — ik —
B S 2000, THE (4.5) [PRE EE T2 N
(5m1j)2 = jz5ik5kn113m1j
= (ngjnar + nzjng) (n1Nak + Noinok + Ngingk ) Oxn0ing
= (nlin2jn1kn2l + N2iN2jNogNar + N3 N2 N3Nl + N1iN3, N1 N3
+ Noing;nogng + n3in3jn3kn3l)aknllain1j
2 2 2 2 2 2
= Diy + D3y + D3y + Dy + Di3 + Dis,
<8in2j)2 = jl5ikak”2lain2j
= (n1;nu + najns) (N1nak + Noinak + n3Ngk) OpNo0ing;
2 2 2 2 2 2
= D7, + D3y + D3y + Dy + Dys + D,
(ain3j)2 = jz5ik5kn3z3m3j
= (n1;nu + nojngy) (N1inak + Nainak + N3iNgk) Opng0;ng;
2 2 2 2 2 2
:Du + D21 + D31 + D12 + D22 + D32,
n2jain3jn2kain3k = 5i35jln2jn2kain3163n3k
= (N1iM1s + NaiNas + N3iNgs )N N2k 0iNg Osniai,
:Di + D%l + D%l?
nljain2jn2kaz‘n1k :5jq6ipnljain2qn2kapnlk7
= N1gNak (N1iM1p + Na2iNop + N3iNap) N2 Opnak
2 2 2
= — (Di3 + Dy + D33).
THE ZIREUE IR 45 5 N
0ing; :(nlinlj + nSinSj)aian = D3 — D3y,
Oins; :(nlinlj + n2in2j)8in3j = D31 — Dy,
Tlli@inm”uaj”lk =5kl”1in1j3m1kaj”1l
= (nokngy + Nagns)niingj0ing0inay
= D%B + D%27
n2i8in2kn2jajn2k =5kln2in2j3m2kajn2l
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=(n1knay + N3kNg)N2iN2;0inor0jny
:DSS + Dglv

n3jain2kn3iajn2k =5kln3m3j3¢nglajn2k
= (n1gna + Nakng)nging; 0ing 0Ny
= Dgl + DgSa

n2jain3kn21'ajn3k :5kln2mzj3m358jn3k
=(n1xn1; + NokNor)N2iN2;0;Ne 0Ny,
:Dgl + Dgza

N3 0iN3kN2;0jNok =0k1M2iN3;0;N3105 N2k
= N1 N1 N2iMN30;N310jNoy,
= - D22D33;

N1;0iN1kN2;0j N2k =0kiN1N2;0;M1,0;N0)
= NgEnaining;0;indjnag

= — Dy Dss.

o}
S
ol

213501 0n2iOk g = —2Dos D3z = —2D3 Do + 2(Dog D3z — Doy D) . (4.7)
EIp

IR AT, MFATARIKE ¢ jRA (2.2), BI04

Eijknsiajnm =(n1jn2k - n2jn1k)ajnlk = —Dqs,
eijkn%ajnlk I(nsjﬂm - n1jn3k)3jﬂ1k = —D;g,
€ijkajn1kn2laln3i :5ip5jq5kseijkaqnlsnﬂaln&n
= (n1inap + n2ingp) (N1jN1g + Najnag + Najnz,)
X (naknas + n3k”35)6ijk8qnlsn2laln3p
= n1pn2qn3saqn1sn2131n3p - n1pn3qn258qn1sn213m3p
+ n2pn1qn358qnlsn2laln3p
= - D§2 — D21 D13 — D3y D33,
Eijkajnlkniilaln% :(Sipéjq(skseijkaqnlsnSZaanp
= (nlinlp + n3in3p)(n1jn1q + Nojnog + n3jn3q)
X (naknes + n3kn3s)€ijkaqnlsn3laln2p
= nlanqn?)saqnlsn3l8ln2p - nlpniiqn2saqnlsn3laln2p

+ N3pN1gn2sOgnisnzding,
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= D§3 + D31 D3 + Dy Dss.
TXRE, FIFH A BT, R T IR S TN AR ' 2 (MR R, 193]

Py ctastic =(D73 4+ D33 + D35 + D3, + D3, + D3y) o
+ (D} + D35 + D33 + D3, + D3y + D3,)Jos
+ (DY, + Diy + Diy + D3, + D3y + Djy) Jos
+ (=Dt — Di3 — Di3)Jaa + (DY) + D3y + D3) Jos
+ (D3, + D35 — 2D33Da3) Jog + (D75 + D3y — 2D13D31)Jr
+ (D}, + D3, — 2D12D31)Jas + (D35 + D3y)Jag + (D35 + D3;) Ja1o
+ (=D33 — D}3 + Do3Dss + D31 D15 — D12Doay) Jors
+ (3D3, +3D3, + Dy + D3y — 2D23 Dz — 2D31 D15 — 2D15D51) o
+ (D33 + Di, — D}y — D3, + 2D31 D13 — 2D13Da1) Ja13
=K1111D}, + Ka121D3, + Kz131 D3, + Ki912D3,
+ K320 D3, + K3232D35 4+ K1313D75 + Ka323 D35 + K33 D35
+ Ki201D12D21 + K1331D13D31 + Ka332 D23 D3a, (4.8)

Horp g 1 2R [ 0
8i(”1j3j”1i - nliajn1j> = 2(D23D32 - D22D33),
(4.8) iR EFE N

Kiinn = Jag + Jog + Jos,  Koro1 = Jog + Jaz + Jos + Jog + Jo10 + 32,12,

Kaiz1 = Jag + Joz + Jos + Jog +3J2.12,  Kio12 = Jo1 + Jog + Jog + Jog + Ja13,
Koooo = Jo1 + Jog + Joj12 — Ja13,  K3zazz = Joy + Jaz + Jag,

Kisis = Jo1 + Jog — Jou + Jog 4+ Jag — Jo.11 — J213,

Kooz = Jo1 + Jaz — Joa + Jag + J2,10 — J2,11,

Kiasss = Jog + Jog — Jaa + Ja12 + Jo13,  Kigor = —2Jas — Ja11 — 2J212 — 2J5.13,

Kigsn = —2Jo7 + Jo11 — 2J212 + 20213, Kogge = —2J96 + Ja11 — 2J212. (4.9)

2o ERVHE, AR T Oy, XEFRN MUHL A 5%, HZRIK Sk 1 17 F1 A =) B 45 17 5 2 RO 0 A
P, BRI

2
c
F.c, = 5 (K23D23 + K32D3,

+ K1111D$1 + K2121D31 + K3131D32,1 + K1212D%2
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+ K2222D§2 + K3232D§2 + K1313D§3 + K2323D§3 + K3333D32,3
+ K1221D12D21 + Ki331D13D31 + K2332D23D32). (4.10)

Hor B SR B RIT T AR RERRE w0 B R HL 50, 83, b2, b, i, dy AN R 2R IE A B R 3K e,
R T > 7558, BA WY R SC d LR TS BT R, 5k e R R0k 5 UM R I
LS 3| — L g S T BRI FRPE. W12 dy = dy = by = by = O I, BN Coeyy FIFUAR T AIHL I
FAPE. BRILZ b, I LEASF] 1 SR KR AR SR R SR e 8 P A%, W] DA B AR SCHE 3 i R ) 8
oras R, FE— e R bR A I e A P B

SR IR (RO TE T T B AR R N S BT BB RAE L X B Oy XEARITRLS 7 T AR
PRIV A, e DAEE o S 6 MU0 G J) 3 4% 1 Sk, KD b T DA% R 0 3o B e 8 P xk e R v R AT
F, FESLRBEA YR SR AR,

5. mESRE

ARSI BA Cop RFRVERI 22T TE B 17 FUR A, H AR AR BEARSE m R RE 25 2 (1R X,
HEF T Coy [AIFIATT LA SR AR IE 2 AP R TR S 1 160 51 R VR 30 % 0 7 P PR R A 12
B AREE T 7250, S RAT IR B S, T B LA ORI 7E. B, el I
PER) B3R R, PR T 56T Onsager 73 BLIR IAR A8 (0 g 57, LA ) B A By ) 2 A8
M frJe, ASCHIHE SR R m B e A6 B AR T U SRR R S TSR AL, AR SCRRIT TR
v B AR A S ST T R B LR A B R . SR BoRas I dE h A & iz A,
FRVETER, ShEE, DLRAESNZVE T AT 9 2 IR AL S RE M 5 A AERATY AT DL 500 A
JUARTRRAEE, 51 AT B 5535 A7 23 R AR AL R 1 7.
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