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The APW band calculations give the knowledge about the band energies and the wave
functions for the electronic states in the solids. These can be used for the calculations of the
various physical quantities. In this paper, the matrix elements of the current operator between
the Bloch functions obtained from the APW band calculation are evaluated. The expressions
can be used for the numerical calculations of the diagonal component of the optical conductiv-
ity tensor. A treatment of the matrix elements in the numerical zone integration and their

symmetrical properties are also given.
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+% f 7 (Pa(r) Py (r) =P (r) Py(7)) dr

(A.5)
&% %, PPy —PgP, = (P,Py,—P,P,) ® FAWTH
SHEEIMATT B L, BNOHBERIESTH K
HEYIC

Sl(a b) = _m(E _Eb)<a|7|b>

+5RFu(R) Po(R) [+ Lo (R) — La(Ry)

(A.6)
%'f%%)o ZZ T, L (Rs) (u = a, b) ‘iﬂ#ﬂﬁﬁf%
NRARTERINS,

P (R,)
Ll (A7

4.12)0 SS(W;l+1,v) nHESIE L HFETT
&2, BRI
S(¢c,d) = —m(E.—Ej<c|r|d>

+1R.P.(R) Pu(Ry) [+ Lu(R) ~ Le(R)) |

(A.8)
(j)éo \_k—'( Cc = (l V) d= (l+1 V) 'Cj)%)

L,(Rs) =

Appendix B: (4.13c)® I #n
SE#R2*+y*+22 = R TEZ LN B¥ER(=

Q) DHREET B KOEHS £ EL B,
P= js (x+iy)exp (i (k— k) - ) dS (B.1)

= 2T, dS = a?sin 6dfdg, x+1iy = asin 6e* T
5, ) EBAVBE(B.D)IZkDESiIch B,

P =g /s exp(—ik; 1) (—J87t73 Y. (6, ¢)>
Xexp (ik;-r) dS (B.2)

ks

exp(ik-r) = 4z 3 i%,(kr) Y tn(K) Yin (6, $)

(B.3)
EAV, RIC4.6)EHANWT G, ¢ ESEEFTLT D
LEVWEIHEZT 5 kA 2/ 5,

P = itn® 33 [ FI9 () G (i) —F (i) G Gi) |

(B.4)
ZZTC, FP(i), G () 12(4.14), (4.15) LREL
LNTHb, Ric(B.)2HnKFETHET 5,
(B.1)iz

P= —z[a—k+za—k]f exp (ik-r) ds (B.5)

LETE, 22T, k=ki—k; THBH, ZOEES
BESTHY) PlZknkiick b,

_ _ (92 .9 sinka
P= Z[ak ‘”ak] ka

= itma® (y — i) B (B.6)
ZZ T, ki = kit ik, Ky = | k| = |ki—k| TH

5, (BYE(B.6O)2FELWEBEAREES,

3 [P 68 () — F Gi) G G |

(K Rs)

= (huy— by, ) LB (B.7)
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APW »~> FEEGIC 31T 5 Bloch Bi#ic & 2 BREE T OITHIER

S#(B.)ERILTHBELT, Y
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%25, (B.N2HFALNLALELIIZLTRD
WRE/L LD TED,

> [Fo) 6 (i) — Fio i) 6P () |

(B.8)

— (b — p LK GRS
- (kiz ka) Kij (B 9)
ZZT, GP(y) 3(C.HTEREIN TS, 2

12, Vk|L\vk> DFtEIcBWTHBETE 3,
Appendix C : GP(ij) OEtHE
GP () IR TEHEZz N5,

GP () = 4x T tin Yersm () ¥ 1 (K) (C.1)

ZZC b =J{UF1+m) ([+1—m) /J2[+1) 21+3)
Th b, BRERMEHENERZRY

Vin(8, 8) = (—1)2EL [U=L Preos 6) e
(c.2)

PHWS, 2N, m <0k &2 Ledgendre %
B2 KR TR L < B Th B9,
Prx) = (—)" = pry m < 0, 1 = |m))

(I+p)!
(C.3)
Y (E) = ()Y, n(B)™ £ (C.2) 2 HV3 &,
(C.1i

GP ) = 2 (=D)"(I+1-m)

X PRy (t:2) Pr™(u;z) exp (im (¢ —

é5) (C.4)

k% b, 22T, sz =cosf; = Ez‘z = ki/k:y ;13
k nFiifaTh b, WLRY

(I+1=m) PR () = [ (4D 12— 1—2)Z] Pr(x)

(C.5)
ZHAWT, X

2} (=1 PP (usz) P ™ (us2) exp (im (i~ )

zz+12 Yin(K) Yin(K) = P(E-E)  (C.6)
ERVD LY, mASETTE
GP () = (I+1D) uePi(a) — (1-u%) 5 B(a)
(C.7

KEESEHRICERMT

A

a = ki'kj

= Uiz TV 1 — Ui V1 — 3, COS(¢i—¢j) (C.8)

E%%, (C.DIcBIT Mm%, (C.8)EFHWTE
T¥5ERR2H/5,
G (1) = (I+1) uiP(a) + (uiza — ;) Pi(a)

(C.9)

Appendix D : G (ij)DEtHE
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dix CHOBAELEKIC(C.2)2AVE R 2H
3,

G (i) = exp(igs) %!
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ZZTC ¢ =¢i—¢; TH5DH, BILAWY
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—({+1—m)xPP,(x)

EHV 3 2 KA 2B,
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X Py (i) PT™ (4;2) exp (imgp)
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(D.3)
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FoTmMPFETTEL, ZNEVRDEHICE
5,

G (if) = %ELZL)[[+1 ] P(a)

—exp (i¢;) cot ;G (if) (D.5)
ZIZT alF(C.B))TEHEZLNTWS, (D.5ICHB
W,
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ZHW, Xz GP () »(C.9)TEZbNBZ L%
HAvd, 20k, BOHE2 LT E = (M tiy, 1)
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5,
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(D.7)

Appendix E : G¥'(ij) (1 = x, y,z, £) DRRX
Ledgendre B§#ic o\ T @b
Pi(a) ={Fh[ePi(@) -Pu(@]  (E.12)
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2% 5,

GI(5) =15 (= 160) Pe) + (16~ 1,) P () |

(E.2)
= tty Pl (@) —u;, Pi(a) (E.3)

Kiz, GP() 2 G (i) nERKLK
G () = G (E)* (E.4)

Kk VEET 5. 72, GP() & GP(Y) R
G (3) = S LCV ()

(E.5a)

G (if) = G$+)(ij)2_iG$_)(ij) (E.5b)
TEHRTDLE, INLHIF(E.2), (E.3)ERALEK
BN TEDL H ST, (E.2), (E3)Titu =
49,2, THDou=2%20E513, u, iz ko
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(E2) 2w, a=x1nt &3 (E.3) &A%, %
nE &, P;(1) =1(+1)/2, Pi(—-1) =
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