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LE THINGOC AN LE TRAN THE DUY , LE VAN [TOANG’

1. MO DAU

M6t trong nhitng hudng nghidn clru quan ong trong vice ché ta0 vat ligu
méi vai cac tnh chit dinh san 1a vin d¢ tao ra cac hé tiu chidu. {rong méi tién
quan ¢o, bai wan chuyén déng cha khi dign iy trong céu fyric tinh thé hai chiéu
duoc nghicn chu rong rdl o nhitng nim gdn diy [1-6]. Trong cdc nghiln cvu ndy,
duroe st dung nhidu nhit 12 foai tinh thé nhidw lép ban din, trong d6 vang chita
GaAs hogt ddne nhy la ho thé ning trong khi vitng Al Ga, (As (x=043) déng
val {16 cac bic wong thé. Nhitng thanh tuu mai rong k¥ ihuai ciy tinh thé hu,n
nay cho phép tao ra cde lop bin ddn GaAs rit mong, di dn, khi dién wr chuyén
dong trong ho thé cé the duoc md & o1 gidi han hai vmeu [1-61 Nhida hu n
tugng vl ty moi lién tue duoc phat hidn lién quan dén chuyén don“ cia khi di€n
1 hat chidu trong i trudng [3]. Vi vay mdt trong nhiing bai todn duge quan 1&m
rit thidu cho dén hidn nay va oo ong dung thuc tifn la chuyén dong khi dién tr
hai chidu trén mit Jiulm x-y, trong 46 dién 14 din wrong 1ae Coulomb véi 18
;;t_m g trong W tnwdmg voi véeto cudng A6 hudng thea chidu 7 14-61.

Neéu bo gua tuong tac gilta cae dign 1, Qhuunﬁ n:nh Schriédinger cho
trang thal lidn k dién 10-16 frong trong tir irwdng <o thé viét duéi dang:

HY (r)= E¥(r}, )
(e @) 1( AN T N ,
sl ae ey 2y e e e @

tro ngj 11» don vi muym i, Ky hidu m*, ¢ 1An luot 1a khéi higng higu dung cia
dién tr va hing sb dién mdi, khi d6 don vi nang lugng & 13 hing 56 Rydberg

TriEn st Khoa V3 LY Truting BHSP Tp. HCM.
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hiéu dung R =m*e* /2r%7, don vi do ddi 13 ban kinh Bohr hiée dung
a =gh'fetar . Cubng db W rudng khibng thix nguyén duoe xac dinh i 51111 bidu
thire: y =ho_ /2R, trong 40 o, =eB/m ¢ 1 thn s6 chuyén dong xody ¢ véi B
fa cudng do tr irrong. Peé danh gid do 16n wong d6i ela ty trudng so voi teong
tac Coulomb ta dwa ra pidp so sanh nhw sau. Thang ndng vong t trudng duoe
dac leung bt gid vl Aw, =heB/m ¢ trong ¥hi thang ning lugng tuong tac
Coulomb duge dac trung bdl hang s6 Rydberg hidu dune 2’ Nhu vay hé sd so
ganh giiia hai thang niing logng 18 ¥ =he, /2R . Tiv diy ta ¢6 thé goi W trudng

yeu Gng vor gia il y <<l va tl irudng manh ung vor y = 1

Trong phin 16n cdc thi nghiém véi viée st dung chit ban din
an;

Gais/ Al (Ta] As va rr trudmg & didu kién phong thi nghiém thi hai thang ndng

hrong 58 nim rong ving so sanh duge voi nhan, Noi khac hon, ngay W dau cho
dén bdy gie d61 wong dang duge nghién cdu rong rdi {7] 12 trwdng hop tradng
trung binh y = 1. Nhu viy, dé md 14 cac thi nghiém thue 1€, xuit hién nhu clu
gial phuong rinh Schrédinger (1-(2) cho midn bién ddi zig lry p oéng hon,
khong chi gidi han trong mién (W truong yéu. RE rang la cac phuong phap truyén
thé}ng trén co sosu dung ly ihuyél nhi¢u loan kho ¢6 thé st dung {nic ugp.

Thist gian g g day, nhidy thc gid quan tAm dén viée gidl phuong winh {(1)-
{2} che toan mien bl“‘] o1 cudmg 46 1 truong biing c4c phuong phap khée nhau,
Trong s6 d6 cin ke (m la phuong phap bién plhin, phong phip phin tich theo
chudi 1/ N vol N 1 s chiéu cda kKhong gian, phuong phip danh gid xdp si hat
didm Pade [4-6]. Tuy nhién, theo quan diém cig tac gia thi van dé nay con cin
duge nghién cou (niét dé hon nta. Vi vay v, trong cong rinh |8 chong 61 d3 dua
ra 101 gidl c¢hinh xac phwong trinh {1)-(2) bdng phuong phap toan 1r (OM).
Phuong phap vay duyce dua ta div tién rong ¢dng trinh (9] nhw [ mét phuaong
phip khéng shidu loan gidi phuong trinh Schrdinger, cho phép xét cae bai toan
cohoc bygng W vé1 cudng df trudng ngoat ¢o g4 tr bit ky va dd duope s dung
hicu qua cho mot loat cde bas todn wong s phiéu linh vye khac nhau ciia 1y thuyet
nouyén G, vt Iy chil ran, I¥ thuydt rudng leong (0 (xem bai vidt 1dng quan
[1OD. Viée sty dung phuong phap toan nr gial phuong frinh (13-(2) con chi ra
mot (hé manh niva. B6 1a phuong phap nay khéng nhing cho p.h,p fim @14 iy
nang lugng ma con ¢d thé x4y dung ham sdng ctia hé trong todn mién thay doi
tham s0 tr oruong {8

Cong trinh sau diy 1a mot bude phit trién cae k&t qua ciia [8] bang cich
xét bai todn wong L;udl hon, khi khong bé qua tuong tdc gitta cde dign tir. Twong
tie nay cling vl dnh hudng khac cda tink thé duee the hidn théng qua thé man
chén dang Yukawa [6, 111 Toan tir Hamilton {2) We nay sé ¢ O dang nhu saw:
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;o P I I a0 — AT
£ ove o =] - = Rl R [ e Al e ..__;V" X 4 Y j__.__\ —— A )
2laxt ay’ X "oy Tax) 8 5

vt & 12 hing sb duong. Hing s 56 nay o !h(, xdc dinh sao cho pl" y nang lugng tha
duge bang tinh toda ly the ayelp phi hop (5t nhdl véi 86 1idu thue nghiém.

MOL LIEN BE vOL BAI TOAN DAO BONG 70 PHI BIEU BOA Hal
CHIEU
Bai toan i'i A(27) s& Iréy thanh don gidn hon nhign ¢ Gua cach b é i 21 moi,

duoc dua ra trong cong winh 112]. That vy, gua phép bién d6i Levi-Civita 113§
} TR, o
1 = i3]
LA
ta co: dxdy =4(u’ +vHdudy, r=x" 4+’ =y?

Tir day suy ra tich vé hadng vecto trang thai trong khong gian (x,y} ién
quan dén tich vé huong veelo trang thai trong Khong gian (u,v) thing qua bicu

thire 185 heé sau:

(i {X,) | o(x, i = jdx dy iy (L y) glx,y) = ‘!du dva(u® + v iy {uvieds, v, {4)

i

o~

Sy xudt hidn trong 80 4(u? +v7) trong (4) diin dén he qua: néu A 14 toan

gy hermit trong kKhong ghan (x,y) thi s& laong g vO A =4’ + v A M loén o
hermite trong khong gaan (uv), Nhw vy, dé bio todn tinh bermii cna
Hamilionian khi chuyén vé khong glan (wv), phucng {rink (1) cin viér lai nhw
sau:

{7 - EyW{r)=0.
Sau phép bien d6i Levi-Civila, phirong trinh ndy ¢6 dang:

iy, vi=0, (%)

vit Hamiltonian

5 1( G L N O o V2 23 ( 2, )
el e g |- (B S L yu? 4w vi) el (ut +v ) —expi- AlnT + v 3 {6}
8l aus  ov’ 2 8 ‘ ’

l'.,)i

hermit trong khong gian (u,v). I dang nhin ha" (6) co dang toén Flamilton
chie bal toan dao dong to phi d didu hoa trong khong gian hai cb iéu (uv). Nhu vy
an

”~

(ir bai toan chuyén dong cia didn wy trong didn frivéng phoc tap ta ¢i dua ve

bai toan don gian va duge nghidn cdu nhidu trong ¢ hoc lugng &
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Duy, Lé Vau Heang

Trong phuong trinh (5)-(¢}, ndng lugng E chi dong vai w6 tham sd. Vi vay
3 o dang phuong trink tim 2§ ridng ta v iét i {3) nhi sau:

i;_:i LE}(U, \;):/{ .'EJ{U, \"r) (

h

vii 2 dong vat ro g néag cua phuong tooh Schrodinger (37)-(6) Jla whi giat
phuong trink nay 1 thy duge 7 shu mdi ham phy thede vio than s T Vi ¢id )
cha £ 1udi 1a zero néa phuong lrinh:
/(EY =0 (7
cho ta nghidm chinh xéc b
Dé& im nghidm hoan chinh cha mdt phuong trinh déng hoc ching ia cin
x4c dinh céc b bién cha hé. Trong trvdmg hop phuong irinh (37} @ dé dang
kit ching ring fodn tr md men qui dao (cling ia hinh chilu mé men xung
hrpng 180 truc 73 £ giao hoan véi Hamilonian (6). Didu nay twong tng voi vide
mb-men qu¥ dao 14 dai legng bao toan voi chuyén dong wonyg trudng Coulomb
va trivong tu. Nhar vy ham séng ol tim thoe man phuong trinh

~

£ 0 vi=m P, v). (8}

T i 1§ ﬁ\i . 4 n . N, . ..

vOL L =l u—- v duge viet rong khibng gian {1,v) va i riéng cla no sé
21 ov Ju /.]

tim dwge trong cac phan ulp theo nhu saw: m=0,£1,£2,.... Dua vao ddy, chiing

ta s€ gial pih ong trinh (537) cung vl dicu kign (8} “\To(mi ra, ching ta ¢o thé thay

L=

thé todn Ll _z_’._.‘, ba-mg ivi ridug cua né lrong cac phuong trink luwong og.

3. PHUGNG PHAP TOAN H] {03 GIAL PHUONG TRINH SCHODINGER

¢ giai phuong rinh (87)-(6) b;mg phuong phap toan 1y OM ta ¢ an thue
hién cac buoc sau.

Buadc mot: f?‘ruﬁ{ hét ¢
toa ¢ (u.v) qua bidu dién ban
nghia bing cac bicu thuc:

hing ta Lilil} én phuong tinh (3°)-(6) wr bidu difn
ng cac toan 14 sinh huy. Cac 1odn 1 nay duge dinh

pacd

o . N
feol 1 arf o 1 a0

a{m) =, —1¢+t— el I {(_’3}‘} = 1= & —— i

- ]I(,; f a Y feaf ‘& {
j L | et i i | i 3

Ny = NS il S {(J) = F ey
Vo2 W OF .il w G )

trong d6 wa d¢ phite duge dinh nghia F=uv+iv, & =u-iv. D& dang kicm
chitng cac toan tr sinh hdy (95 thds man hg lhuc giac hodn

L4
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G -ata=1, bbT-bT b=l (10}

{ci¢ giao hoan 1o khdc bang khong). Khi dinh nghia cac todn o sinh hay (9)

chang a dua vao mdt tham 6 W do o (() > 0y Tham sb nay tam thed chua xdic
dinh va chitng ta s thay ¢ phan tiép theo ring vide dira tham sd e do nay vao so
dd OM 12 dé tHi wu hoea O dd hoi tu cfin qua trinh tinh tean. Sau phip bién dbi
(9, phuong trinh {(37)-(6) ¢6 dang

(¢
e ’fun R (@ .._J+MV P
T L f--'; (ZTa+h' b+ -] — 4 2 (a'b" +ab)
1\4 4o \ 4 4o
'yil -~ d )
(&b rabyaTa+ b h+1Y
Cdep”
R A
—exps o {GThT v abtaavb bt Heelt )= ‘1’\ (an
V' Zar : :
{ Iy
Trong phuong trink (11, tedn
/I:expw--—-—— G'BT+abrata+b’h+1);
{ 2@ |

c6 thé dua duge vé dgng chuln nbu sau

SR T AT VoA
A= expi— —2e 7 h* Lexplin) 5 hlyexpl ————ah! 12
pl A+ 2w .I’ l l l L + 260 l J }' }L At 2o (12)

nghia 1& toan ti sinh bén LAl va todn t hity bén phai, vi vay rit thudn tién cho
viée tinh todn dai 5.

Brde hai: Ta tich Hamiltonian ¢ phuong trink (11) thanh hai thanh phén
nhi sau:

Gofi, . gl (13)
trong dé [Tamiltonian 77, chi chira thanh phén glao hodn vaéi cic toan 1 4'4 v
bh
—  {m 2E e A
Ty <[22k m‘yJ GTa+bTh+ )+
\\Jc- 4o
:+—;--};----—[u G4 hTh+ ! )({a a+h b+l)"a G+ bt b+41 + 64" f-'h+f5‘+7)
Tty
[ 20 ) ! AN e
—-ewlim SRS A R hTb+ ,\r\;——( —} CHBECIONECL)
VAT 20 ) i (B 2w
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Con Vo= H - f{ ¢ the xem nhy {odn (o “nhidya foan™ Nghiém ”di‘ dng

bic zoro cia phuong trinh £11) chinh & nghim riéng chinh x4 cda fodn &

o)

?
e T o~
O

cGn ¢de bd chinly bie cav hon & ¢ i 1& tinh theo chudl cda odn ar AV dun vao

iy ?.I'uzj,.-'ét nhicu foan. Thira o R dira vao frude toan ny ¥ frong {13} 4o ehi ré‘ing

toan 1 nay “nhid™ hon wén wr #H, mot bic; U(}i b tham 53 alicu foan va rong

kbt gud cudi cimg ta <& cho =1, Ching 1a ¢6 the chon tham sd w suo cho
s P (14
o[> 17 (14

dugc thoa min, day chinh 16 diu kifo d¢ phuong phip Iy thuyé s Whicu o o
thé st dung hizu qua Nghia {a f§1am sé ty do o duge chon sao che vign tach
Hamiltonian ra hat thanh ph’m ahuw {12} ety nghla,

Burde ba: Tim nghiém gan dang bic zero bang cdch giai phuong irink

:_“Ei ”\}{l! _‘)___.e", 11_1” (]:s\;} ! i.i:.)}

D¢ dang nhin théy ring nghiém ridgng cta [, cng 1a nghitm riéng cia

cActoan iy &4 va b'h. Hay ndi khie hon nghiém cia (15} 1a ham sdng cua dag
dong tr didu hioa hai chidu véi cac veclo trang thai ¢é dang chuin hoa nhu s

13
. i

% RS \‘ = {(E T },‘!: (f_} * ,’ H2
BENTEN VT

ey . (16)

O ddy n.n. la hat s¢ ngeyén duong, con frang thai chin khdng duce xic dinh
bdi cac phuong trinh:

&(m)g (_l('m)} =0, bsm‘z“ (m)\ = (173

Cht y rang hg dang x4t bao 1odn md men qu¥ din, nghia 13 ¢ in doi hdi
(16) thda mén phuong trink (8). Ma phueag trinh ndy khi chuy én v bmu difn
todn 1 {9) 6 dang nhu sauw

Gh - By WY = 2m W)
cho nén d2 dang nhin ihay ring chi co cac trang thai

1

) = . Y Y 0(Y) (1%)
i ! N {1~ .P}’I)E;{?’f + n,y )
thoa man véu chu cua ching ta vl n=0,12 13 56 hrong 1 chinh vi m 14 56

hrong t Uy —a< m o<n. 18 st dung '{mng CAr lhlh todn cu thé fa ¢ thé chirng
ntinh cac ¢dng thic sau

o
[
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o e
a'h i”l_???_}_ = n l} —mt i+l UrZ))

S f";—‘——

ah E;z{_ piy) = dnt - — 5 {m ;}

(G'a+ by |alm) = Eh (i, (19}

dua vac cic hi i"-"l{rs;: giao hodn (10 va cac phuong tinb dinh nghla trang thai
chén khdng {17). Thé vecto trang that (183 vio (11) dong thii bd cée ithanh phin
kKhéng ,‘.mn Hoan vl f..i}a.'m Ly trung hda trong phaong trinh (13}, 0 dide kidn

COy = 0t the duge Bigu thire de xée dinh nZng tueng néng uiong Gng:
5 K RREAYEES
i £y Y W - P {2{1},}"' b s \ o
R S’ b Sk 3 3 ) — e e o Bnmag, (20}
2 1e” (2o A +2m)" ‘ ' -
e /{ . 4\ & R N N ", S o b I R .
VO =0 Ry (g B lradng hop néng ohe ham s6 duee dinh nghia nhiy sau
D ' ' -
-t ST PRTY S
. --. it n e ol " o
Fo{n = Z : - ot (21)

o RNA A D - R B - £

D¢ dang kigm ching «“ang AF (may= JFil-ntm—n—mj+ bty i
ham sifu ol suy biln [15]. Tham sé& o trong bidu thic nang luong co 1hé xée
dish ur dide kién:

5[ (7} .
Sy {22}

Tidy chi & chon 2id tri » theo phuong phap o a,n W 38 Guoc thic ludn
trong Mot {oat cac cong trinh {xem {145 va di chira mng ditu kidn {223 ¢ho ta
k&L gqua ot ng déi chinh xfc & gin dang bic zere abi véi nhidu bat todn Khio
nhau, VGi bai tan ching ta dang xé1, didu kién (22) dan tei phwong trinh d€ xée
dink: @ nhu sau;

o2 IR S :
e il + fu' ——i)cz}f" w i &.1——;.{_)‘; -y {1+ f*lx_fi—i,m,a_ }
2ne D

Thé nghicm thye duong coa phuong tiinh wrén vio (70) a e ii ¢ tim dugo
nghadm gidl tich ghan ding cho bai toan dang xét. (5 dAy can ehit ¢ fcmg; mic du
(23) W phurong fiinh da sghiém ching ta 6 ihé dmn o‘z gia th wre duong duy
nhit theo quy trinh sau. V& edng hop 4=0, (23) 13 phuong trinh ds thite bag
bin cf mél nghidm thue duong o,. V& 2120, ftude tén ta chon diy sé

Dod <A, < o<d, =4, rong 46 A du K 48 fcfic ma A, =11, A0
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tuong dbi gau nhau. Sau ad gial phuong trinh (23) dne vii cac git fri 4, nav dé

thn nghiém w, tueng Gng. Chi v ving chi chon nghidim thue duong @, gin nhit

Lt

vért nghiém di o6 inrde 46 o, Lan luot gial nha vay cho dén khi J= id ta s

thu duge nghigm thye duoog @ Ong vl miainn 1#4.

3¢ minh RIC che sy chinh xdn (07 gial ¢ gln dd wng bac thap cla OM, trong

bang | duara ket gud EU) 3 ARD 0y vE so sdnb vaid i gii‘ chinh xde OM cho

e v

wrang thiai ou ban va mel vai wrang il kich thich trong trwdng hop 2= 0. O day

ta k¥ higu cde omve nang heong ohw saw ns-dag vdim = 0; ap’ - m=l; npT >
m=-1; nd™ 2> m=E; nd” -2 om=-20 0 DS cde tang thal Gich thich bac cao

Ve voi trudng hep vr woadng s manh, dica Ki¢n chon tham sé& o thes {22 cho

ket qua bic zero O’\’}' hrong adi ki nong duge chinh xde, Luc pay ta 06 the s dung
diéu kign hoi e chudi gah ding nhifu loan

b o ; .‘i\Elli [N
EL' » E b !1\ E in | {ﬂ. ‘; §
i, . . x % o4 g ’J‘m T e s .
dé xde dink tham sh . G by AEY = .20 ia bl chinh bic hat vao
241

ning logong (b & chinh bic mot AE™Y = 0y vOi céde véu 16 ma triin Guoc dua o trong
& = 3 3 .

cong thire (28). € CAn chi v g trong bicu thire clia che yéu 6 ma tran {28) o) chia
?:() hang néng lirgng vi vy ta can l]‘d} cac sd hang nay b ,tzw pia trl nang luong &
gin ding hf-u,, zera (20}, !hﬂ:u kign (24) nang cao ding ke d¢ chinh xéc cha L’ci:
qua. Uling rong bang | 1a ‘tmﬁ rang; trong mrcn tir g yéo va truag binh ke

qué thu duge bing OM ¢ :fam dung bdb hai rit chinh xéc tay rhién vor cudng dé
1 frudng cuc lén do chinh xéc nay gidm di déng ké. Trong khi d6 piuo’w phdp
bién phan dus ra trong ¢dng trinh {63 cho }\ﬁt gua vol 4o chinh xac & ¢a trudng
yéu v rurdmg tir manh li ol nhau. Do viy, 3 06 1thé thu dirge km qua luong g1
chinh xdc mét cach dcd dan trong toan mién thay ddi tr trudmg & gin ding bic
thip, o cin xé dén bidu hidn Hém cdn oia him simg khi {9 frudng 16y =

7.2
nghia lata can dzu thém vao ham song thiz sh: LU ),

vt v 1a tham 50 bin phin, Lot gial nhu thé ta 88 xét & mit cong trinh ix'il;zc,
trong pt han fiép theo & budc ocm chiing ta s& dua ra so 4a OM én co sg Iy
thuyét nhidu foan dé tim o giai bng 6 véi db shinh wdc cho trude bir 1\5,

i
ts

Buoe 4 Phuong phip todn & fim nghiém bing s0.

Vi ¢ée veetw frang thai (18) tao thanh mdt bd him sd co sd diy 4o nén (o
gidi chinh xdc cta ham song o6 the vidt dudi dang chudi clia cde vecto trang that
A6 nhuy saw:
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| \I"{”“”_\: \} = i[l](lI]}> + ?..; (""'l' Ii kiirﬁ}l) * (25)
L]

vl cac he 36 thueCy (& :'lml.,ilmj + 1ok #=0y. PDem (23) thé vao phuong trinh
(11}, s0 sénh ciac b s0 trrde modl vecly trang tha vo1 nhau, ta thu duge hé
phuong rinky

Zfl = lrllIn'r Z(T& £ ‘{qn;ﬂ * {?(}}
J:'_-ir':"fi
. o - beo R . O . P
(2, - H 10, =B H  + 3001, (j=|m) FENOY (27)
T
.i’g:.!n |
2]

(} day, wude cac yéu 16 ma tran N (k= j) rong (26-(27) ia da tham s0
nhidu toan b vio. Diu nay dua whn co sd 1a Hy = (1), voimoik, Ay =V,
vt mol k= / trong ki d(’) {r-{y‘:g Hamiltenian {13) 1€ s6 B chi ¢ trute thanh
phin todn o nhifu foan, Cde yéu t6 ma trdn clia todn fr ) ! aéi véi chuye én doi
ciita cac trang thai (18) dé fimg tinh Jam’c mng, cac phép bién 01 dai 6 dua vao

cc cing thite ( 163, Trude hét 1a tioh véu th ma tran clia todn 1y 4 va thu duoe
két qué nhu sau:

{ Hrt+ j 4 m)!

ﬁ - m {\
i{}q q)g
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Nhu vay, phuong phap dus ra mong céng trinh nay cha phép fa 43 thu
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truong voi cuomg do b Ky ¢ tinhg dén thé man chn, Hidu ding ké 12 K&t qud
dua ra khéng nhitag 14 80 ligu chinh xdc chda cde mie ning frong ma ma con i
i séng chinh xde cho bai tod n dhzcri dang {25} cho phép st dung thudn thy
phuong phap dai s6 trong tink todn cde dic trng cv2 b, Can nhin manh ring
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Abstract:

The operator method for clectronic interactive prohiom — the hole of the twa
dimensional electron gas with the existence of the sereened magnetic fleld

Iy

The use of Levi-Civita wanslormation allows us to formulae the probicm of two-
dimensional screened donor states in a magnetic field as that of two-dimensionel anbanmonic
osciflator. Therefore,

fhe operaior wacthod can be directly used and the exact solstions of
Sehrodinger equation for the above-mentioned problem are obtained. {n our approach. wave
functions sre construcied o the representation of anribilaiion and creation operators that
pernits one (o use pure algebraic method in further caleulations of other characterisiics,
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