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The numerical calculation method and the properties of the optical conductivity tensor
&(w) are considered in terms of the band theory. The band calculations are usually carried out
in an irreducible part of the Brillouin zone (BZ) determined by the symmetry included in the
Hamiltonian . When a wave vector in this part and a symmetrical operation of H are
respectively denoted by k and R, the energies at Rk are equal to those at k. Further, the
matrix elements of the current operators due to the Bloch functions can be given by the linear
transformation of those at k using the rotation matrix corresponding to R, and the transforma-
tion does not depend on the existence of the spin-orbit interaction. By uses of these properties,
the band energies and the matrix elements included in the formula for &(w) can be represented
using only those in the irreducible part where the band calculations are performed. As a result
of it, the region of k-integral can be reduced to the part from whole BZ. In this paper, this
transformed formula of &(w) is really derived. Then, the sum with respect to R of the product
of the matrix elements for the current operators is changed into summation of the element in
the direct product R Q@ R.

When H has the symmetry of the point group O,, the summation with respect to R
immediately mentioned above is easily performable, and gives the properties that the off-
diagonal components of &(w) are all zero and the diagonal ones are all equal, and further
makes the simple expression suitable for the numerical calculation for the diagonal compo-
nent. For this reason, the magneto-optical phenomena can not be observed for a system having
O, symmetry. The similar summation is also carried out for the system having the lower
symmetry of C,, for verifying the possibility of the phenomena, and the some important
properties of &(w) are obtained.
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FHWS, 2L TR#HHER

[lz, px] = ipy, [lzy py] = 1px [lyy px] = ip,,

[ly’ pz] = iva (B4)
RRHALT, S2RVWEHELZTZ L2 )RR

REABAT 5 Z EHTTE B,
0 (R)1.0:(R) = 3 Ru b,

22T, RN (C.11) TCERI N EEATIHID
(, EZTH2, ZOBFER%E B.DICRATS
ALK (2.9) % 1BBZEHTES, $72, (B.5)
12477 |‘11/P = (Px,Py,Pz) PHWS L
O (R)pO,(R) = pR™!

(B.5)

(B.6a)
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[54:: ISR R

NDEHIRELZEXTE D, ZOEDERERIZIT
Zhnvr= (9,2 1= (b, LI L THE
NIDZ L EZHFSZICTRT B EHTE B,

Ot (R)rO,(R) = rR! (B.6b)
Of (R)IO,(R) = IR (B.6c)
ZORERICIE, rEIBIULEH LMD HRE
BB TEZLNEPpELEDLDITPTH S
ZEERFAATIUE L W,

B.2 XECHEREERDOH 254

A CHEMRBERDH B354 LT, HNHRE
Dirac "I W=7 > TR INLREFEZ 52,
IDNINP=T R
mc*+ V (r) co-p

cop —mc2+ V (r)
THEZ b3, 22T, cl3f#E, o= (0 0y 02)
i Paulid 2 4751ChH ) (C.1) THZ 5N 5,
%= (%, Hl/ih 25ET5Z 812k
0 o
o, 0
LB ERERBICHH B, fEoTEHR I3
J.= 0*(R)]. O(R)

_ _eC[ 0 05 (R) 6,0, (R)

02+(R)°'A02(R) 0

51:[ (B.7)

J.= —ec (B.8)

(B.9)
E% b, ZZTOR)PRAECVHEFETRTH B
Z & w7z, Appendix Cl2BWCEHBAT A L 5
Iz

02+ (R) 0';:02 (R) = 2 R,n. Oa (B].O)
BN LODT, TNERAWSE
Z=ZR,ML (B.11)

E% b, TR Y —HEMEEER»ZWEE L
HMLETH 2,

AEXTEREIRIRICIZE B — 3 EE, Darwin HEB L
PRy -8 EHE/ER? 35&EHH 5, Dirac ~
SN =T YEINLORRE2ETETDL, JEAEN
WEIANI NP =T ric Ay —HEMEERZ T %
mz7zyndb LITLIZELNE, £t

H = p?/2m+ V(r)+ (o'XVV(r)) ‘p

(B.12)
THr0, Nt V% =[x, H]/ih #5tBT2Z L
&N T

L=—%=—%m (B.13)
E B, 22T w3 A —EEAEERD LW E

EDpIXETEILINTHY

L v (B.14)

4dmc
TEZ N5, FTEDRER, n DEHR 23RN L H
2% %,

Tox = 0*(R)7zx0(R)
2 Ra h+

mx=mn=p+—s

22D(R)xA(G'XVV(r))A

(B.15)
ZZ T, D(R)al3EEATHI R 0 (x, 1) EFR Ra I
N LERERFTHE, ROTHIRI 1 THhEZ B
dUzho 17HICET 2 &R TFERM LY

2 RaD(R)a =1 (B.16)
B 2. TR E R OB
2Ry = (B.17)
£ W8T D D(R)a = Ra Th b2 Ehibh b,
#- T,

o= 3 Ra[put iz (0XVV (D)) = D Ram

(B.18)
Ll b, my, me bPLERRNTEZ b D Z & HTH
LEHCREHTE S, Zd ) Ay —8uBEHEE
A»B.12)O NI V=T ricBlits—onIEHEE
LTEz6nbEEd J12(B.11D) EEULEHRICRE
JZED DD,

Appendix C = (B.10) D3EER

(B.10) DREBA % 3R~ 2 BT FHBY € B % 2 DREEA
LTHLC,

(#EBhEIR 1]
o = (oy, 0y, 0z) # Pauli » 2 &> 175
[0 1 [0 —1 1 0]
Ox = y Oy = | . y 0z =
1 0 1 0 0 —1
(C.1)

L, k2EBENVITRIINE= (kyky, k) T
b, iz, BT v n = (ny, ny, n) FEIDE D
FOLNICBITZAEINERYNEE2 R £ §5,2
D& ERDEADR LD,

07 (R) (¢- k) O:(R) = - kS(R) (C.2)

P14 2 A
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N> FREE DN & REE T » v VOBER Ik

rz1zL, E#ATHS(R)IZ
S(R) =
c+n2(l—c)  nmamy(l1—c)—ms mm(1—c) +mys
ey (1—c) +ms  c+nf(l—c)  mm(l—c) —ns
namy(1—¢) —nys mym(1—c)+ns  c+ni(l—c)
(C.3)
TEz b B,727L,c =cosf,s =sinb TH5,
(FIEBH) 7
HWET O,(R), OF(R)3k{HbnNTw5b L)
iz

0,(R) = exp(—i6c-n/2)

= cos(6/2) —isin(6/2)o-n (C.4a)
05 (R) = exp(ifo-n/2)

= cos(6/2)+isin(6/2)o-n (C.4b)
T526n5%%, (C.4) LRDARA
(6-k) (6-n) = k-n+ic-(kXn) (C.5a)
nX(nxk) = (n-k)n—(n-n)k (C.5b)

FRAWTAHLEVWEHEZ TS L
03 (R) (o- k) O,(R)
= exp(ifo-n/2) (c- k) exp(—ifo-n/2)
=o-K
K = cos 0k—sin 6nxX k+ (1—cos 6) (n-k)n
(C.7)
#85, C.OINFT7 VK = (K, Ky, K2) D
B 2T 5 kDL S Ik B,
K, = (A+n:B) kx+ (nen,B+n,C) &y

(C.6)

+ (nxnB—n,C) ks, (C.8a)
K, = (nxny,B—nC) bxt+ (A+niB)k,
+ (nynB+n,C) k. (C.8b)
K, = (nunB+n,C) kx+ (nyn.B—n,C)ky
+ (A+n2B)k, (C.8¢)

2T, A=cosh, B=1—cosf, C =sinf Th
5, (C.8)% 3:RDITH S(R)%#BEALTK = kS
(RYDEHIcELCE, SRIIF(CI)TEZLNBZ
EDBESIchbr b, ()

[#BhEIE 2]

HERER» A A TF—DH a, B8,y EHWTE
ENBEEHET O,(R)I
0.(R)

= exp (— iao,/2) exp (—iBa,/2) exp (—iyo2/2)

(C.9)

TH5z2 559, Znr x2%N(C.2) I BT 5175
S(R) I3 BIERHAE R ICHIET 5 BEEBRDITII R
I2EEL <

05 (R) (¢+k) O,(R) = ¢-kR (C.10)

KEEEH RIS

cosa —sina 0)({cosf 0 sing
R=|sine cosa 0] 0 1 0
0 0 1J(—sing 0 cospB
cosy —siny 0
X|siny cosy 0 (C.11)
0 0 1
TEzZ b5,
(FE#H)

(C.9) #(C.10) nEBIZARAL T, HBIEHE1 %
WA &EIC 3 EfE S & (C.11) DABITEFSICHE
BITEC, S(R) =R ThHBZ D25, %72,
CANTEZLNBTHRXBEZZRT 5 L HE
BE R ICHIGT 2 EEEROITIICEL VI L D
b 31519, (#%&0)

SITRDZEEZERBLTB, MHEHE1l L
BhER 2 TR MERESFRL LN TH S LRk
i, 2% 1 o0EHE) oElEEE A+ A F—AT
ELAERnR, (C.3), (C.l1)TEZ LN 220D
EHITHNIRMLE LD TH b, TN 5 Ny, Wy, #z, 0
Ea, By EOBOBRAZEL Z LA TE B,

FEEE 22 65R(B.10) i3 T CICFEHTE 5,
(C.10)13x k= (1,0,0) £ B &

05 (R) 60 (R) = 2 R, ¢, (C.12)

Eh b AR, k= (0,1,0),(0,0,1) &BL Z &
IO L ) uREBEIENTES, ZhHEF
EDBERDEHIZEATE B,

05 (R)6.0,(R) = X R.. a. (C.13)

I (B.10)RTH 5,
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