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IFRA-RED RADIATIVE SENSOR USING
THE Bi-Te THERMOELECTRIC THIN FILM

An infra-red radiative sensor using the Bi-Te thermoelectric thin film has been successfully man
tured. The sensor has been tested for recerving the infra-red radiation from dark object im the temper
range of 100 - 10000C,

The thermoelectromotive coefiicient of Bi-Te thin film was determined and coinpared with n
obtained in the mase <pecimen case,
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CO CHE TOPO CUA SU CAM TU
TRONG MO HINH SCHWINGER

Gin diy trong céc tii lidu dan c6 sy nghi ngdr vé co ché ting thé ning cda sy cim
2] vl thé thé ning ting tuyén tinh néi mot cich chit ché ddm bio s cam ti cda che qua
trong khudn khé cda phuong trinh phi twong déi tinh Schrodinger [3-5|. Su twong d3i tin
phuwong trinh ndy trong khuén khé cda ly thuyét trudmg lwong td [3], hay thim chf cho pt
trinh Dirac [4] d3d din dén viéc hdy bd, s cim td, néu thé gluon 13 thé vecto. C6 mdt 83
trlnh chimg minh ring him Green cia quark ¢é cuc khi thé n¥ng twong tic giira cdc qu
ting tuyén tinh [5-7). Nhr viy co ché thé ning ting khong thé 1A co s& chit che dé gili thi
cam td vl né khong thé c¢im dwroc sur ton tai cdc hat mAu trong phd cda nhirng kich thudce ¢
(nhin duge nhd ham Green).

Trong bai bdo ndy (hing té6i mudn dwa ra mdt co ché méi cda sy cim th cdc hat md
thé 13 co ché tépd cda sw cim td v coi né nhu hé qui cda phuong phép lwong té héa chis
cdng véi viec gidi tudmg min cic phuwong trinh lién két ddng thdi xiy dung céc bi€n vit |
bién chuin (8, 9| (Goi t4t 1A phwong phép lwong t& héa “téi thiéu” vi trong Iy thuyét lwong
chl ¢c6 mot 88 lwomg téi thidu chc bién vat ly). g diy dé dom giAn ta xét mé hinh dién dé
hoc hai chiéu - m6 hinh Schwinger [10].

So d6 trinh biy bii bio nhw sau: trong muc 1 ta xét phép bozon héa cic fecmion vl né |
phuong phép hiéu nghiém dé md td ci4c mé hinh ly thuy@t trudmg hai chigu cing véi cdc fec
trong muc 2 ta chon céc bién vt ly bit bién chudn nh¥ viéc gidi twdng minh phwong trin
két cho mé hinh Schwinger, trong muc 3 ta xét sy suy bi€n t3pd chin khéng cda trudmg «
trong myc 4 ta xét sy co ché t6pd cda sw cim td. Phin két ludn thdo luén cdc két qud nhin

16



1. PHEP BOZON HOA CAC FECMION TU DO

C4c k&t qui chinh x4c «da tdt ¢d mé hinh Schwinger ¢é thé thu dwge nhd phép bién 48 chiral
i vé&i trirdmg fecmion hay hwong phio bozon héa {11, 12]. Tuy nhién khi xem xét c4c tfnh ch&t
son cia Iy thuyét tvong ¢ omyg + i ta 43 khdng phin biét cdc hiéu dng bozon véi cdc hiéu
iz 46ng hre hoc. D€ minh hoa 2ieu ndy ta tém tit viéc bozon héa céc fecmion tw do trong khéng
in hai chitu. O day Lagrangian ¢4 Jang

L(z) = 1¥(z)v.0"¥(z). (1)

Trong If thuyét trudmg lrong ti clng véi Lagrangian (1) ¢6 xut hién 88 hang di thudng
ng giao hodn t& cda céc thinh phan dong:

[isola),doa (=) = ~ 0,6z - v),

A 2 (2)
Jf\p(I) = v’J(I)er.’IJw(I)'

Nhr ta di biét, nguyén nhin vat ly d& xudt hién sy di thuéng ndy 1A do vige 1dp day tit cd

trang thai ning lwong am - bien Dirac [14, 15].

Bing viéc thay thé:

Jsu(z) = %aup(z)v (3)

43 bifn dd1 hé thic (2) thinh giao hodn tir cda cic todn td trudmg v huwémg p(z). Khi 46
h luit bdo toin ddng truc sé ¢6 dang phuong trinh D’Alembert:

A den = 0=3 Bj,t,o(x) 0 elz) = (4)

Nhw viy Iy thuyét (1) twong dwong véi Iy thuyét truwdmg v huéng khong khéi lwong Lo =
Lp)?. & day chi c6 hat vé huéng trong phd va fermion khéng xudt hién. Sw kién twong ty
1g md hinh Schwinger da dwoc cdc tdc gid bai bdo (11, 12] gidi thich nhw sy biéu thi sy cim ta
dy. Theo c4c bai bdo ndy chiing ta phdi két ludn rdng cic fecmion ty do ciing bj cim td. Két
)y nhw viy li =ai, chinh vl thé€ ta cin cich md td ding din cic fecmion trong Iy thuyét bozon
ng duwong. N6i mét chch khie ching ta cin tim sw phu thuéc cda che spino ¢(z) vdo trudng

Thinh phin ddng truc 75(z) t§ 1é véi xung lromg chinh tic lién hop d6i véi trudmg o(z):

ol2) = Z=dopta) = Zola) (5)
Nhw viy theo hé thirc dudi day:
. i ol gy VL0
[760(2), flelv))] = 7;[7‘(1).“@(1:))] - ;W(I)!('p(y))- (6)
5 phuong trinh
[so (), ¥le(w))] = ; \/ 3 (I) —¥lely) = 5(z—y)%¢(so(y)) (7)

Céc nghig¢m cda né ¢6 dang:
¥(z) = explivmse(z)x(z),
¥*(z) = exp| - iv/mys ()] x* (2).
& day x(z) 1A ham 85 khéng phu thudc vio trwdmg o(z).

(8)
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£ x4c dinh x(z) ta ddi hés ham Green hai diém cda fecmion ty do phdi dwgc téi tao lai:

(W (2)¥(y))o = 2=V xiz), x(¥))o, (9)

(6 diy Ao(z — y) 12 ham Green cda trudmg vd huéng khéng khdi lugng tw do). Dieu ndy 6 thé
dat dwgc néu d3t:

x(z) = exp[iv/715Z(z)] x0(z), (10)

trong 46 I(z) 1a truwdmg v6 huwémg khong khéi lwong tw do dwoe lugng ti héa cling véi metric
indefinit [17] vd xo(z) 13 trudmg fecmion tw do. Nhw vdy him Green cda fecmion ¢6 thé nhin
dwgc nhd phi€m him sinh cling véi téc dyng:

Sp =/d2zﬁg(x),
La(z) =%(a“p)2 - %(a,‘z:)2 TR TR I (11)

+ wexp[ivmys(e + E)] + Xoexp[ — iv/m1s (e + E)]n,
trong 46 Jy, J; 13 cc ngudn ngodi bozon, n, 77 13 c4c ngudn ngodi fecmion.

2. CAC BIEN VAT LY BAT BIEN CHUAN VA SU SUY BIEN
TOPO CUA CHAN KHONG TRONG MO HINH SCHWINGER

M5 hinh Schwinger [13] 1A dién ddng lwc hoc hai chiu clda c4c fecmion khéng khéi lwgng téc
dung véi trudmg chuidn. Lagrangian cda né cé dang

Fiay = ik,

" il
S = /d’f:(z),

o diy F,, = 0,Av — 3, A,; p,v = 0,1, A, 1A trudmg chuin, cdn ¢ = 70, ¥ 12 cdc spino hai
thanh phin.
Lagrangian (12) bt bién déi véi phép bién ddi:

(12)

b :
1
Al(z) = g(Au+ ;3,,)9- 5
¥¥(z) = g¥, g = exp{iA(z)}.
Khi x3y dung ly thuyét Hamilton ta cin phai tach c&c bién vat ly thuc su mét cdch twdng
min. Lagrangian (12) 1A suy bi€n vl né khong chira dao ham theo th&i gian cda trudrmg A nén

xung luwgng lién hgp chinh tic véi né bing khong. Chinh vl viy Ao khong phaila bién vat Iy thye
sw. Bi€n phin cda téc dung theo Aq 8€ cho ta phuong trinh sau:

58
—— =0 =234, = 3,0, A\ - ¢,
§ Ay(z) B e 'i” R (14)
(6];,(2) e c¢7n¢a 9.7.() i “p"(lw)-

Phuwong trinh (14) 12 phuong trinh lién két vd dirgc st dung d@ biéu dién A; qua cdc bién
thién vat Iy A; vd Jo. Nghiém hinh thirc cda phwong trinh ¢é thé viél duéi dang:

(13)

1 .
Ap = 5‘5(3132441 — eh)- (15)
1
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Thay (15) vdo Lagran . (12) chdng ta o s &

L) ===y ; g ’ s ks (16)
: 240]
trong d6
i
AlA) = ofAI(AL LAY S 3 9104 20,
: o
P [A, ] = v{A), (17)
p ’ P, e S : : 54
u(A):—. expy - e T e A4 = ex g = 1ed; Al}.
: ; ; R : Tl 1)) P
Luu ¥ fd:’f(z’) = F{t) duoce hivu vid nghia tivh phan khdng xée dinh ¥ = [(t) va nhan
aF chuin v(4) dwoc bién ddi (disu nay suy cotn phiony b Dén két (14)) nha sau:
gAY =l A S g (18)

Dira vao tinh chat (18) ta dé ding chitng ninh cic Lidn v it ngA’[A] va tj)’[A,ib] 1A bit bién
151 vé phép bién 461 chviln eda cde frudny bano diy 1)

AT[ AP = ANTAL gAY F =9t 1Al (19)

Céc bién vit Iy bat bién chudn Af thda man dieu ki

AL =0, PiaALED S5 B0 (20)

Didu kién chuin (20) & didy (s hé qui chi kliong phii [d @& thi€t ban diu, ¢6 nghia 13 giki
wdng min phwong trinh lien két (147 cho phep loar b hat biac ty do khong vat ly Ag vA A,
A bidu dién 1y thuyét qua bidn vir ¥ bit bidn chudn N vy phép thay thé nghiém twdng
rinh cia phurong trinh lién két vio Lagraugian {12) o4 the o dinh chudn mét cdch ddng lue hoc.
agrangian (16) vé mit huh thére trbng vor Lagrangian trong chudn Coulomb. Tuy nhién & diy
6 suw khic nhau co ban 1i cdc bidn o' 1 cic bdn kboue diik add, chinh sy khéng dinh x& ndy
a dwrge chimg minh [8, 9] sé dwa ddn cdc plép hicn A0 tnong 61 tinh eda cde trudmg <8 dién vA
rong ti chiap nhau & mie d6 todn i ¢l khong phia & wde 46 trung binh theo trang théi.

St dung ky thuit bozon héa da duwos trink bay & wue trén, (hing ta tim dwge bidu thic cda
ic dung bozon twong dwemg véi (16):

G 9 (2 i) A ;
Stn(l’?r')--]l ‘—”/[,;(w’,,'»'v"f {a,.%) s S 1\_‘,.‘“:,.-‘9“)(“4”

+ Jip + 28 + vexplivay (p 4 l“l)_} Vii4 ‘;,.»x;ﬂ: v S0 + E)]r). (21)

Tac dung (21) xdc dinh phidin Wi sinh cho che b Green trong md hinh Schwinger. Déi
% ham Green fecinion hai didm, ta tim diroe

8221, n.J]
G(on) =g :‘jﬁ;}(i)f”’)i;_) !,, =N

= exp{ “arlA s = y) — Agylz - y‘}}C—'{.(z - y)- (22)

diy A,,, Ap va Gy 1A cdc ham Green cda chc trudmg vo brdng te do véi khéi lwgng m = £

1= 0 vd hdm Green cda trwdng fecnion 1y de. Tinb b Green cda fecmion trong mé hinh ndy
khéng gian xung hrong ta nhin dwoe chc bidu thire tiém cin sau ddy [16):

il



P S py/m
G o A~ 2 Glr) ~ R TR TG 23
T )

Tir diy suy ra dwoc xéc sufit tim thiy hat cing véi cdc 58 lwgng t& cda quark [¢]? =
lim pG(p) # 0 m¥c dii thé ning tweng tdc gitva cde quark 14 ting tuyén tinh. Nhu vay tiéu chudr
p-+0

Willson (sw ton tai thé nXng ting tuyén tinh) khong the din dé€n sy cim th cda quark. K&t luge
ndy di dwge che tde gik [17] chitng minh, & diy ta chl minh hoa lai trong m6 hinh Schwinger.

3. SU SUY BIEN TOPO CUJA CHAN KHONG CAC TRUONG CHUAN
VA CUA CAC BIEN VAT LY BAT BIEN CHUAN
TRONG THE TICH HUU HAN CUA KHONG THOT GIAN

Didm chii yéu cda phwong phip lwong t& héa toi thidu 12 vide xay dung cde bién vat Iy bi
bi€n chuin bing viéc gidi twdng minh phweng trinh lidn két. Cac bién vit Iy ndy x4c dinh dén di
chinh x4c t8i nghiém cda phuong trinh thuin nhit 37 4, = 0. Cdc nghiém ndy dien td déng
hoc cda trudmg chudn cling véi ning lwong bing khéng trong viing hdng ngoai, Néu gdp chiing
vio nghiém twémng minh (15) thi chiing sé thay d6i nhin td chudn v vA cdc bién vat ly

1
+ U, A{ -~ u(.41 + ;8;)&:'1.

v
(24
wf o up!,  ufz) = explix(z)}.
Phuong trinh cda ham x(z) thu duge blng cach thay Al vio digu kign (20).
A x(z) =0, aaixlzy =0, (25

Trong thé tich hiru han cda khong thiri gian phwong trinh (25) ¢6 nghiém khong thm thwdm,
& 16p chc phép bién d& chudn nhin u = explix(z)}. Nhirng phép bidn 48 ndy duye dic trun,
bing 86 nguyén dnh xa cda bién khang thén gian vio nhém u(1).

T/2 Rjz
e {; / dx; / dxi L FE =ng-n
~T/3 “RJ2
. “ (20
= -2}1; / dx 8 x4 (Ll,Iu—’: -ti =0 fven)
-R}2

(88 v dwge goi 1A chi 58 Pontryagin [18]). Nghiém cda plarong trinh (25) cing vé digu kign bié
(26) sé c6 dang:

x(z) = 2xN(xo) - (27
& diy N(xo) nhin cic s3 ny nhu nhirng gis tri ban diu:
) T
N(X":i._z'):ni' (28

1
Trudmg chun A{{z) = -8, x(z) ¢ ndi suy gira cdc trwdmg chuln hodn todn & chc cin cd
¢
khodng th¥ gian
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A;(ir ("‘l‘ftl (29)
A ta goi ching 12 chan khong ¢& dién {19!
Sy tBn tai chc nghiém chin eda phwong trinh (25) bifu thi s suy bién chin khéng cda trurdmg
wAin trong m¢ hinh Schwinger vi sir suy bien cda cic bién vat Iy bat bién chudn yrhv = u(,,,¢'
ong thé tich hiru han cda khéng gian.

4. CO CHE TOPO CUA SU CAM TU

Céc nhan ti pha suy bién 14 khéng ky di, nén 1y thuyét 3¢ khong phy thuge vdo cde nhin ti
1a ndy do tinh bt bién chuin. Vi viy su lirong td héa vi cdch phét bidu Iy thuy€t nhidu loan
1a cc bi€n “tran” ¢! va PP khang khdc nhau S khac ahau & chd xdc dinh clc trang thdi,
A ching dwoc “mic 40" bing céc nhin td pha va ching suy bidu. Néu ta k¢ hitu Zg r(n,7,J)
phiém ham Faddeev - Popov thi I§ thuyét cing vt s «uy bifn dwoe mé td bing phiém ham

LT {(tin r}); (n u, [.“ updug 4 ] (30)

Do c4c dai hrong vat Iy tinh dwoe trong Iy thayet trudmg heong td - tigt dign, x4c sudt phan
v.v... dwgc chuian héa trong khong thad gian hire han, phép r.‘.myé"n gid han dén khong gian vo
i dwoe thye hién sau khi hly bé s suy bién, ¢é nghia 13 ldy trung binh phi€m ham sinh Green
eo che tham 28 eny bidn:

Z-.'un[ Iql ﬁv J] = R !)i‘?jw ;'.l.ll‘llll‘" hi L5

YRN8

A 'r;_(ﬂ.ﬁl).i‘;u:',u.,Ju,:']. (31)

Ching ta tinh ham Green cda fecmion:

Glp) = lm /(FJI«[';_I;!‘\[)E'!]’(IZ y) " (x)u " (w) %

RT -

X, exp[ e 2‘77':;3"_( T u) LX(«{'!' - y)i}(1'||‘f y) ==
SR b TRt S e LA ARl e 4 =
R &

Ham Green G(p) & day bj tridt tién do s giao thoa cdu ¢ Ac nhian bk chudn Un. VI viy ding
drc (32) biu thi sy Lo tai sw cium ti trong nia hink Schwin zor,

Su cam tu twrung tir cung da duroe Hooft dira ra xhi xem xét mé hinh s%c dong hoc lwong
hai chieu [20].

Nhur viy gid thiét vé s suy bidn tapd cda chin khong trudng chuin ¢é thd xem nhu 1y do
a sy cam ti trong mé hinh dién déng lire hoe hai chiga Schwinger.

Téac gid cdm on GS Dio Vong Dire va cac thinh vién cda Hai nghi Vit ly Iy thuy@t tai Do
n 1989 da cho nhigu ¢ ki€n qui biu vi b ich cho cong trink niy.

KET LUAN

Khi d4p dung phwong phip lwong ti héa chivh tdc cing vén viéc gidi twdmg minh phwong
nh lién két cho md hinh Schwinger trong the tich hiru han cda khong thdi gian xuit hién sy suy
in tdpd cda chin khidng. Sy suy bidn chin khing nay ¢é thé coi nhy nguyén nhin vit ly cda sy
dng quan sét thiy cdc hat miu tir do
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LE I olice o W 50 et

Pham Cong Dung

TOPOLOGICAL MECHANISM OF CONFINEMENT
IN THE SCHWINGER MODEL

When using the canonical quantization method with the explicit solution of the constraint equati
to the Schwinger model in finite - volume space - time there appears topological degeneration of vacuu
This degeneration of vacuum can be coneidered as the physical reason for the nonohaervability of
colored particles.
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