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Nonlinear Static Conductivity Tensor Revisited
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Abstract

Nonlinear static conductivity tensor is reviewed on the basis of the nonlinear re-
sponse theory,

.4 2

rle

Al (system) 7} o|¥-2 58 AFol mg wtornd zwuble] 5 wQlr), Yutzoz wkg

A3 2ae BHAAE 24 Ha Hd"] YEBAS ESvcn bysid
SRS = X+ - (AT H X - (FF)

o} o] Taylorg+2 AAME £ ok, o714 HPAele g 2,2 #slslz 2, (generalized
susceptibility) & ael§t malgfo] ehtz] ¢ke W A9ohe maE of, oA gk
Se] AT A7l YakHoz wiElg wl o|Hg HYgdojztm Fcp OV ApFo] wig weks}
3 (small perturbation) £ 25 Aol F3] ZAAA Haxw 4y 4¥Y 4 vz
2E F doh oyt A¥eHolELe chAIAlY F4EA W el (A3h E A7E o ¥ $83)
Al 2efzm Qlch, 3] AW AolFREE Hol} F Holo|x] A HrHE WA (electric
conductivity tensor) o] #HAlol vlgbE ¥ ol&Eo] si¢ T2 HrE wtm Qo) ¥ =l 2=
o 47|17 2 ¢ Taylorgds ez dslsia] maighe] A48 zm2fsheEx] 22 2= uxl3te
e A Fert ok ey oleidt uhye wlAdel 2ol JAL #AY 4 YeA 9
TAEZ Qg e

2 oloble AL WwEAl Aol Hrlx| AFTaEE misie] u|Ad¥yLHol|Eol g3t FAAEIY
A71HEERA o(E) & AT F42 Folxle Yvstd 4% 1 (E)E Fshe e AHdE

At o] FobE FHIE 2BATA &S FE AL FHoz o

mjo

* Aedshatoiel Eelskah(chee)
o xolzcly geists



12 2 82 B B B R
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o] A} oz chAaiAe] Zhlx Al A Hamiltonian (Hr(t))2
Hr(t) = H + He(t)
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e AzAze] fAHeold b (b)) & £5% A o v fwg & 7HAE phonone] A4 (£
o) dakzlolcl, =3 5 (=C; exp(id - 7) )& AH=l2} phonone| 4&AE diAteln G —
Phonon®] F&ol A},

m. 4= 44zt

4 (2.3 o] X7kl wie} WEle 2HFo] o] Al Folxlnl W adikzl o ()] 2|7l it
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2 3¥% 5 b (FF DAx). o714
Ji(—ihB | H. + Hp) = exp|B(H. + Hp))Jiezp[-p(H. + Hp)] 4.10

oz,
=3 44,82 oy gy

o .8 _gg
/ dﬁlexp(ﬂlHiB)Jlexp("BIHiB)= e‘md’%e BH.p (4.11)
0
< x3d (25 Eaa)

8
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8
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8
ip'eB Iu1=0= / dB1peB Jl(_’hal I H, + HB) (4.13)
Suy 0
€ et o974 H.pt modified Hamiltoniano 24

Hp=H,+Hp-J-U=H. +Hs (4.14)

ol U¥ A4 vectoro|d

) erplaN — BH.g] ,
= — £ = (4.15)
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= — (4.16)
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p
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3 e ¥Ao| Heh, o7 (-dpE wiRAel iyt WEE dehdh A (4.17) oA
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oo 8
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0 0
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lﬁaﬂw‘(t | H:lr) = [nvu(t I H}):H}]

= ([hz, 2t [ Hp))po (5.2)

7 AYsel(35 Fabmn) o714 |
P (t] Hp) = capliHipt/Alinucapl—iHyt/h) 6.9
A(t | Hy) = exp[—ihp t{h]A(0)explihypt/h] 5.4)
H%:He-f-v-{—HE:HT—HB (5.5
hy =he+v+hg (5.6)
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w9 A 20008 FAlA ks HE 27 ohest ol & 4 gtk
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H=Hp+Y Y <v|h|p>fu 5.8
B v
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o2 vepd 4 Qi aBjeE 4 (4.24) 9] TrPde
Tr{p.Ji(t| Hr)} = exp(sHpt[h)tE {ji (¢ | By )r}ezp(—iHpt[h) (5.12)

o ol # 4 YUHPF GHm). oldl 1t WY a4 traceolm

(t | hY) = exp(ihipt/h)jrexp(—ihipt[h) (5.13)
A =lexp{B'(he =] d - ()} + 1] (5.14)
= (kpT.)™! (5.15)

olct.
WY 45,1205 A @200 st Bl wldY AAREEAA oy (E)E ool mabe)
Fdez g o & 4 YH(LE HEm),

on(E) =271 lim lim dtexp(—st) < e:vp[zHBt/h]t“’{—Jk (t | k) }expl—iHpt/h] >B
’ s—0t u;—0 0
(5.18)
e . OR .
=01 lim lim dtexp(—st) < ¢ -;—]);(t | h7)} >B (5.17)
s—07+ U —U Jq
= —ih2"! lim lim <t {—RF]k} >B (5.18)

20+ u;—0

= (<1/a) tim ¥ L) f(’*‘*”ulm,\g ><< Az (D) |\ >>5

s—0F Ay, As €A T €4 (5.19)
o37]4] |
hr =he+v+hg + Hp (5.20)
Rp =(—ths—Lt)™! (5.21)
= [hr, X] (5.22)
Ge(E) = / exp(~st)je(t | hr) 6.29
1)
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[*% A)
p(t) =| B(t) >< ¥(1) |
2} Zol ¥ojd o
8 . a|we)> 8< ¥(t)|
atp(t) =3 < U(t) |+ | ¥(t) > 5 (A1)
o] €0} Schrodinger$¥4
2]@: —lH (t)] ¥t
g ¥(t) |= 1 ¥(t) | Hr(t
2 4(A1)oA At
ﬁt—th (e ¥(t —l-\Ilt w(t) | Hr(t
1
= 5 (Hr(0p(t) = A1) Hr (1))
1
= =(Hr (1), A1)]
7l M} d{eg
e,
it p(t) = [Hr(0), p(t)]
B8 Ao ol A2 p(1)7} & eH= Quantum Liouville®¥ 4ofct.
[¥= B}
Asg} B7} 4471 ol M2 289 = gt d84Yd o N3 oe Yilshs €54
e(A+B)f = ! + /‘ dse‘(‘-’)Be(A+B). (Bl
0

o% 2

e~ P AHR+V) . ~B(H.+H8)(y 4 i":(—l)'= /B dfy /ﬂl dg,
k=1 0 0
Bir-1
/o AV (BB V(B))

= C_ﬂ(H'+H’){S¢'cn - o‘l} (32)
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TRIP_”(H'+HB+V)] — TR{e—B(H'+H")Se..¢n]

ol ¥t 4(B.2)% 4(B.3)2% Fe 4(3.2) g Yele] Yuddats o33 ol dE

_ ezplaN — B(H, + Hp )}{Seven — Sodd}
Pee = TriezplaN — B(H. + Hp)|Seven }
e:rp[aN‘— B(H.+ Hp)} {Seven — Sodd )
Tr{ezplaN — B(H. + Hg)]}  Tr(Seven)
_ ea:p[a]\_f‘— B(He + Hp)) (- TR(Seven ) — Seven + Sodd
Tr{ezplaN — B(H. + Hp)]} Tr(Seven)
_ explaN — S(H. + Hp)]
Tr{ezplaN — B(H. + HB)]
N explaN — B(He + Hp){Tr(Seven) = Seven + Sodd}
Tr{ezxplaN — B(H. + HB)]Seven}
PeB — PV

}

[*= C]

cb-22] 2AYE zst2 e Kubohs4E 98 4 3o

d d S
B1Ho(,—BH, - 3. Hq -3, Ho
e e Rl = Ry —e Rye
= —CB‘H°HOR¢C-5‘ Ho 4 oA HoRlHOe—ﬁxHo
= e'ngalRl, Ho]e"ﬂ‘ A
Feg A¥a

8 8
/ —d—{eﬂ‘m[e'ﬂ‘ﬁ‘,Rl]}dﬁl = / eﬁ‘H"[R(,Hg]e'ﬂ’H‘dﬁ,
o 4B 0

B
ef’ﬂo[e-”c,ﬁ,j=/ P Ho(py Holem % Hodp,
0

8
[e-85e Ry) =/ e=BHo B Hs (g Hole=H Ho g,
[

(B.3)
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8
(peB, Ri] = / pepexpbr(H. + Hp)|[Ri, H. + Hplezp[~Bi1{H. + Hp))d5 (C1)
. 0
8
= / pesRi(=ihBy | He + Hg), He + Hp)dB, (C2)
4]
[*% D)
chgel 2AY
Ri(—ihB | He + Hp) = ezp|f(H. + Hp)|Riexp|-B(H. + Hp)] (D.1)
d . . d . -
J5u(—ihB | He + Hp) = h 2 Ri(~ihf | H. + Hz) = ihRy(~ihB, | H. + Hp)
= ezp|f(H. + Hp)|[H. + Hp, Rilezp|-B(H. + Hp)) (D 2)
2
R = Z er{'l)
"
Ri = Z ef}l') = polarization current = Jj (D.3)
ll
R Kubo¥ 548 22{sl? 4(4.6)9) w244t o232 Yo € 4 qc}.
]
Sri(t | HT(—‘))=/ Tr(pepJi(—th3 | He + Hp)Ji(t | Hr(~t))dB, (D.4)
[1]

(%= §]

f(Byw) = frHen b -s.m,
811]
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