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Koherent hallar tosvirindo qeyri-stasionar elektrik vo sabit kvantlayict maqnit sahalorinds parabolik kvant
ndqtasi iglin galvanomagqnit tenzorun geyri-diagonal komponenti hesablanib.

Acar sozlar: kvant ndqtosi, koherent hallar, galvanomagnit tenzor, geyri-stasionar elektrik sahasi.

PACS:

Bircins stasionar kvantlayict magnit sahasindo va
zoif qeyri-stasionar elektrik sahasindo cirlasmamis
elektron qazinin geyri-stasionar kegiriciliyi [1] isindo
hesablanmigdir. Eyni masaloyo, parabolik kvant moftili
ti¢lin [2] isindoa, parabolik kvant toboqosi {igilin iso [3]-
do baxilmusdir.

Bu isin mogsodi bircins stasionar kvantlayici
magnit sahasindo vo zoaif geyri-stasionar elektrik saho-
sindo parabolik kvant noqtesi (KN) {iglin galvano-
magnit tenzorun geyri-diagonal komponentinin hesab-

olan koherent hallar metodundan [4] istifado olun-
musdur.

Zamandan asili olan elektrik vo sabit kvantlayici
magqnit saholorindo KN nozordon kegirok. Vektor-
potensiali bu formada secirik A= (—=Hy/2,Hx/2,0).
Magnit sahasi (H) z oxu istigamatindo, elektrik sahasi
(E(t)) iso Y oxu lizrs yonalib.

Baxilan massloys uygun olan Hamiltonian asagi-
daki kimi olacaq

lanmasidir. Cirlasmamus ideal elektron gazina baxil- T
migdir. Bu isdo hesablamalar {i¢iin bir ¢ox iistiinh'iklerli H = HO + EE(t) Y. 1
1 Mma,_ Y ? maw, %\’
A A A A2 2. 2(02 , 02, 52
Ozﬂ (pX—ch +(py+ 2° j+pz+ma)o(x +y +z) 2

Burada x- adi kanonik koordinat, p, - ona uygun olan
impuls operatorun komponenti, w, = eH /mc — tsiklo-
tron tezlik, ¢ - vakuumda isiq siirati, m - elektronun ef-
fektiv kiitlosi, e - elektron yiikiiniin miitlaq qiymati, w,
- kegirici zonada elektronun KN-nin parabolik poten-
sialini ifados edir,

|
Forz edirik ki, W tezlikli geyri-stasionar elektrik

sahosi E(2) zoifdir, € = const.

Qalvanomagnit tenzorun o, geyri-diagonal kom-
ponentinin hesablanmasi tarazliq hallar ti¢iin Hamilto-
nian H, ilo tesvir olunan kvant sisteminin geyri-ermit
Boze operatorlarinin tam dastinin maxsusi funksiyalari
olan koherent hallarda aparilib. [5] isinds KN tigiin belo

E(t) = eexp (—1Wt) (3) boze operatorlar qurulmusdur:
J
~ . me| X-iy P, +ip, .
A =-i + exp(im,t), 4
- Vzh{z o | 2P l0d) @
~ Imo | R+i§ P, —IP, .
A = - exp(iot) , 5
’ \/Zh{ 2 e ORIl ©
~_ Mo, | . Ip .
A = [—2|2+—= |exp(imyt), 6
- =y Zh{ mwj p(ioot) (6)
+

wi=“’—2“’0,w2=w§+4a)§. ()
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ﬁO=Ha+Hﬂ+HU, 9)
H, =ho | AA +1) K iAo L

a_ha)+ o a+z ! Hﬂ:ha)* B ﬁ+§ ! (10)
H, == (p2 +miaiz?) = hay | ALA += | . 1)
o 2m z (e (e 2

(4)-(6) ifadolorindon X vo y-i A;, A; operatorlar1 ilo almagq olar :

ho( . a ot Ae s it e e iat A
X = /—(e'”’*tA; +e " AL +ie" AL —ie' *tA;) (12)
2Mmo

h L N Lo Al i a_ . ~
y = %(Le“”-tAf; —ie “"-tAB —eTlw+tAn — e“”+fA;) (13)

Qalvanomagnit tenzoruna,,, (W) geyri-diagonal komponentini hesablamaq li¢iin Fudzita torafindon birhissacikli
operatorlar iiciin yazilmig [6] Kubo formulundan istifads edirik, bu iso Maksvell-Boltsman statistikas1 halinda
asagidaki kimidir:

o Y
a2 —iwt ; -1 ' —-yH
o,W)=e exp(yf)_[dte limV jdy Tre "o
A 0 0 (14)
7'Hy Q a—7'Hoa MM 5 —iHt/7
e’ ge” e Ge
burada lim termodinamik hodd kimi basa diistilmolidir, ¢ -kimyavi potensialdir, p vo v burada x vo ya y-in
giymotlorini alir, V-sistemin hacmi, y = (kT)~! -Boltsman sabiti, T- miitloq temperatur, 19;4 = i[ﬁo'/v‘] - stirat

operatorudur.
Siirat Giglin ifadads (9), (10), (12), (13) vo hamginin (8) formullarini nazars alaraq aliriq:

a _ h —iot a— : —iot A
9 = S (a)+e A —iwe Aﬂ)+c.c. , (15)
9 = L(i@e"”’*‘,&; —a)_e"’“A‘)+c.c. , (16)
y 2Mmw ’

ce - bu i< i, Ai <~ A1 demokdir.
(14) ifadssinds [7] (3.46)-n1 mohz exp(vA+ A_) f (A_, A+) exp(—vﬁﬁ A_) = f (A‘e‘”, A+e”) nozars alsaq
7, W) = € exp(y)] clte™ limv [ o Tre o .| 1 e & e ;)
Xy . . 2Mmo —w e—i(u,te—hw,y; A/—} _}_eiw,tehw,;/; A;)
. [a)+ (EZi(uJ A; +e—2iw+t A; )+ ia)_ (e2ia),t A; _e—2i(u,t A/; )J (17)

aliriq.
Malumdur ki, operatorun izi , mesalon bizim halda operator M-nin, barabardir:

.1 .
TrM:?jdzajdzﬁjdzam,ﬂ,a\m\a,ﬁ,m (18)
Burada |a, 8, 0 > -H, iiciin dalga tonliyini 6doyon dalga funksiyasidir.

[7] -don (3.83) eyniliyini
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<a, Btlexp(yA A ) a, Bt >= exp[—(l—e")|a|2} (19)

va [8]-dan (13,17) tenliyi
2, |
d2ae " a™Ma' = 15 , (ReC>0), C=1-¢" (20)
C |

I+ “m
nazars alaraq, (17)-ds hasili hesablayag.
Bu zaman (17)-doki hasilds A A Aa A;, A;Aﬁ A[; A;, hoddlor qalir, ¢iinki a vo p iizro
integrallamada galan haddlor sifir veracok.
[Af A+] =1 nozars alaraq operatorlar1 sadsloagdirak. Noticada (18), (9)-(11) nozers alinmagla (17) diistur asa-
gidaki formada olur:

4 o . .
ny(\N) = KJ‘dVVJ‘dZO'J.dZ,BIdZOl <0(‘< ﬂ‘< G‘e—hm}A;A; _e—hw,yAﬁAﬁ _e—hwoyAaAa.
0

-[L(a)+)A;A; +R(@,) - L(w.)AA; - R(a),)J' o > >o > 1)
Burada:
K= ile@e‘“””“”“’””z? dte ™ . limv *
7° 2me (22)
L(w,)=iw?(e " e ") 23)
R(w,)=iwle"" """ o0

(21)-do operatorlarin moxsusi qiymotlorina kegok vo (19),(20) diisturlarmin kémoyi ilo [ d%a [ d?B [ d*c
integrallar1 hesablayaq:

o, (W)= Kjd7 —L(a))+—R( )}C—C——{C—L(W)JFC—R( )}C_Cl . (25)
s s

(20) ifadesine uygun olaraq (25)-do :
C,=1-e", C,=1-e""", C =1-e""". (26)

(25)-do y ' iizrs inteqrallari gotiirok

A . V4 ) hao,y
J.d;/'e_h”*y = C_a J.dy'eh”’*y — CL (27)
0 ho, 5 ho,
@_ iiglin (27)-doki kimi neticolor alir, yalmz @w, = @_, a — p
(35) [1] funksuiyasini istifads edok
-1
exp(&y) = NZ;", (28)

burada N-baxilan sistemds elektronlarin sayidir. Biz (18), (9)-(11), (19) vo (26) ifadslorini nazers alaraq

Z,=Tr (—j/l:lo) statistik comi hesablaya bilarik:
2,=(C,C,C,) exp[~h(w, +o_ +a)y12]. (29)

(22)-(24) ifadolorini (25) -do yerino goyaraq, homginin (27)-(29) ifadslorini vo N -limV~! = n,(burada n
elektronun sixligidir) nazars alaraq, asagidaki ifadeni aliriq:
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2 0 0
e’n e o
Oy (\N) = ——{a)+_|‘dte we Slna)+t — w_jdte Wtsin a)_t} . (30)
Mo ° 0
Zamana gors inteqral Laplas ¢evrilmosinin komoyi ils asanligla hesablana bilor (bax [9], s. 235, Ne 15) :

(31

T a
jdte “sinat=—— .
° s°+a

Son naticads alinq:

2 2 2
O-xy(vv):_e n( D @ ] . (32)

o’ -W? o’ -W?*

Mo
(32) ifadssinin xiisusi hallarina baxaq : ! e?n W
1. KN (w, # 0)stasionar elektrik sahasindo (W = 0) . oyW)=-————— (33
Bu halda gy, = 0, KN {igiin fiziki olaraq gdzlonilon m o -W
do bu idi. Bu da [1] isindoki naticaloarlo iist-iisto diistir.
2. W, = 0 olan halda (7)-den goriindiiyii kimi :(3[/;‘19_01813 niimuns (w, = 0) stasionar elektrik sahasinda
= Wy = W 0 =1 ifadesindo W=0 yerino qoysaq, Obraztsovun
W=, =w,0-=0 33) ifadosindo W=0 yerino qoysaq, Obrazt
R . . lum olan diist = — X oldo edirik.
Qeyri-stasionar elektrik sahasindo (W # 0) yaxst metum USHUTUNY Gy o100 et
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NON-STATIONARY COLLISIONLESS CONDUCTIVITY
OF THE QUANTUM DOT

The non-diagonal component of the galvanomagnetic tensor for the parabolic quantum dot in non-stationary electric and
quantizing magnetic fields has been calculated in coherent states representation.

P.I'. AraeBa

HECTAIIMOHAPHAS BECCTOJKHOBHUTEJBHASA TIPOBOAUMOCTD
KBAHTOBOM TOYKH

B TMpEeACTaBICHUN KOTEPEHTHBIX COCTOSIHUI BBIYHCIICHA HeAuaroHalJibHasi KOMIIOHEHTA IraJIbBAHOMAaroHuTHOI'O0 TE€H30pa
JUIA napa6onnqecn<oﬁ KBAHTOBOM TOUKH B HECTAllMOHAPHOM JJIEKTPUIECKOM U NMOCTOAHHOM KBAHTYIOIIEM MArHUTHOM IOJISAX.
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