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Ta(t) = ciHot/h j o—iHot/h J(—i\) = eHoM/D j o—HoA/h
(Heisenberg #71)
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Taruch et al.: SSC 94 (1995) 413.
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¢ Multisubband quantum wire
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Schrodinger equation

{_;i (59852 ™ ;;) + V(x,y)} U(x,y) = EV¥(x,y)

WRTvy YL V(r,y) =

solution: ¥, .(z,y) = e*o,(y). n=0,1,2,--subband
2 d?2 K2 1
{_dey2+ 9 }Spn(y) :hw<n—|—§> en(y), w=K/m
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Tn ~ 1751, n = N®Dchannel £ TE A>T,

2
G~ e—(N + 1) --- conductance D &1t

B.J. van Wees et al.: Phys. Rev. Lett. 60 (1988) 848
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x = csinhusinv, y = ccoshwucosv
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o HHAK D BRER S. Tomonaga Prog. Theor. Phys.1950 5 544

fEE  A. Kawabata, Reports on progress in physics 70 (2007) 219
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H = 5 3 {mhor (o + 07a0) + V(@ (0%, 4 07,) (o + 07)

BNV E = 7’/@5@%%

Hs =Y Eq (B;Bq + cgcq)
q>0

kg = Q\/h’UF(hUF +2V(q)), Bq=agpy + Bapg » Cq= aqpy + Bapg

o | {th+\7(q)+1}1/2 4 — [ 7 {th+V(q)_1}1/z
d 2L Eyq q > 2L Eyq q

~

V(g) = V(g)/n
[Bg, Bl)) = [Cq, C1] =6, 1 [Bg, Cyl = [By, €] =
IARNVFX— B % b O HM% 2B D Boson DS L A%
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Tomonaga-Luttinger liquid, Tomonaga liquid

"A mathematically closed and clear-cut presentation of the theory is
achieved, however, at the expense of physical usefulness, because thus
far, the author has succeeded only in giving a complete formulation for a
one-dimensional assembly of particles”
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wsr(x) = \/;cos(k|:c| + 6s(k))  (symmetric)
2
Ya(T) = sign(az)\/;sin(k|x| + da(k)) (antisymmetric)
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hUF hUF
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sinh y
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—00
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— 0
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— 00
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770(33) _ eikx i e—ikx
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L.P. Kouwenhoven et al. Z. Phys. B 85 (1991) 367
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o BMEED R T VT v )V DFEERD T 3 )L ¥ — ik Z M a3double peak &£ % 2 FH 12D\ T
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KFZTFDfGH (Bonnding), K& (Antibonding) {RiE
Prg(r) <o r = 0Z2H0 & T KT D 1S IRRE DR E)EIZL
1 .
YBond(T) = \ﬁ(%s(r —1r1) + Y15(r — r2)), - - - Bonding state
1
YAnti(r) = \ﬁ(%s(’r —11) — P18(r — r2)), - - - Antibonding state

EBond < B15 < Eanti

Bonding state B2 AN, 2ER g < 2F1s — O FIIEE
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10. ATV v VORBENRS 26D 1 RI6HEDEREE—HH AR DR
II
MHHMEROZE : T — 07T, G o T(c0) ox T2
BNy b23H 256 OMAFEHZIE @ &R T

G=""Tl(ep) = T2 THRFUEHR S AW
h ( F) h (€F—€j)20<
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11. BEFF vy MBI 205
¢ Friedel sum rule

o 3XILD Friedel sum rule : @B HICAHER T X D iiZids Z % L ANHi %2 AL 5

2 ©.@)
Z==> (214 1)é(kg), 6, fEHE] D phase shift
Ti1=0

J. Friedel Phil. Mag. (1952) 43 153, Advance in Physics (1954) 3 446
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NIRRT v e VR OEARE (|2 > a)
wsi() = \/%cos(k|x| + Jds(k)) (symmetric)

2
Yak(T) = sign(x)\/;sin(k|az| + da(k)) (antisymmetric)

op(®)Z2FBEZ B, FORIZLELT, BHHAFNEZ o (EL/2) =0LT 5

kL
74.58(]@) — n7r—|—g, nl3EH (IEET5)

HdHrkERDE LD, Ak
Ak {£ + dés(k)} = T

2 dk
7z I TN F—FTOENIZASDTWVEE DRI
kT dk .LkF 2
Ny =2 — = {os(kp) — 84(0
s=2 ) =+ {0(kr) — 55(0)}

EFve v WD E XL, s(kp) = 65(0) = 0
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RT VI Y ABHbrEEELVEEZOETHDE
2
ANs = = {os(kp) — 5:(0)}
OB, Ty Lofbnicdhsd (LauedEH), B Fy Fog&lE, Ky b
D OHEGHIREE (NFR) &£E 2 %
SO PR D HETR AR BE IZBY L Tl
2
ANa = = {8a(kr) - 8a(0)}
WR 72 RARIRRE DT € Tl

4
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HERFLIRE o () ICFE 2321 (1,]) Ao/t E3D/—nr T2 ¥ —

— 2 |2 o
1= [ i@ P )PV (@ - o)
ep BWME 2L, BTIZLHEOOF Y MICA S,

AN
N

§] >
€1 61—|—[5Q—|—2182—|—3] EF
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by () R, abo(2) I3 RIFRAIRAE & T 2
epDe; LD HTITNIVET 5 — HIEFEEZ L
T = cos?(ds(kp) — da(kp)) < 1
Os(kp) — da(kp) = nm + /2, nl3EEL
e1 < ep <e1+ITIE, ANs= Z{5(kp) — 3s(0)} = 1
0s(kp) — Sa(kp) = (n + )7, T = cos?(s(kp) — da(kp)) ~
(Z D, alkp)ZEbSRVE LK)
e1+ 1 <ep <eg+2I TR, ANa=Z2{a(kp) — 6a(0)} =1
6s(kp) — dalkp) =~ (n+ 1/2)m, T = cos?(ds(kp) — dalkp)) < 1
(Z D, ds(kp) i 3ZED S RVE LT)

G_QiT
h

MHER D H %5463 Friedel sum rule -+ OK(SERRIZ IMAKIR) TD AL D 7D
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i Cl, HAFHOZWEE LT, 72720,
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ESH{ES

\//\

X 1B L A~d
—_——— T>T
T<TK
1}
I n /1 I
\ I \ ]
\ 7 \ J -
even ~= odd even odd even & (V)

W.G. van der Wie et al.

450

HILZ\WODT, E—

(B4 7' )V — 7 Science (2000) 289 2105
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