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Tém tit. Chung t6i khao sat tbe do ra tu phat cia mot nguyén tir hai muac bi kich thich dugc dat trén truc
d6i xtng ctia mot khéi try dién moi phan 16p. Ba ciu hinh dugce xem xét: khi tru ba 16p va bén 16p duoc
tao nén boi chat dién moi dang Drude-Lorentz, dang ving cam—Lorentz va dang guong phan xa Bragg.
Két qua cho thdy, néu tan s chuyen mirc nguyén tir, roi vao ving cim ciia moi truong tao nén cac 16p
ctia khdi tru, nguyén tir c6 thé bi giir & trang thai kich thich. Bén canh do, téc d6 rd duoc ting cudng rat
manh & ving tan sé vé phia hai bén cua ving cAm. Dich chuyén Lamb ciing dugc xem xét trong bai bao
nay.

SPONTANEOUS DECAY RATE AND LEVEL SHIFT OF A TWO-LEVEL ATOM IN THE
PRESENCE OF AMULTILAYERED-CYLINDRICAL WAVEGUIDE

Abstract. We consider the spontaneous decay rate of a two-level excited atom positioned on axis of a
multilayered-cylindrical waveguide. Three types of configuration are studied including a three-layer and a
four-layer Drude-Lorentz type, Lorentz-bandgap type, and a Bragg-distributed mirror type. It is shown
that if the atomic transition frequency falls within the bandgap of the medium filling the wall of the
resonator, the atom can be trapped in the excited state. Besides, the decay rate is strongly enhanced near
the edge of the bandgap. The Lamb shift is also considered.

Keywords. Bragg-distributed mirror, Cylindrical waveguide, Lamb shift, Spontaneous decay.

1 MO DAU

Phét xa tu phat 13 qué trinh mot ngudn nhu nguyén tir, phan tir, tinh thé nano hodc ion & trang thai
kich thich chuyén vé mirc nang lugng thip hon va phat ra mot photon. Néu muc kich thich c6 ning luong
E, va mitc thap hon ¢6 nang lugng E, thi photon phat ra s& c6 tin sé ® va néng lugng twong ing 1a Ao .
Phat xa tu phét 1a mot qua trinh co ban trong nhiéu g dung co6ng ngh¢ nhu: ong huynh quang, man hinh
TV (6ng tia cathode), man hinh plasma, laser, kinh hién vi quét truong gan hay cac khoa luong tir .
Bang cach thay d6i hinh hoc va tinh chat ctia méi truong vét chat bao quanh ngudi ta c6 thé dicu khlen
téc do phat, thoi diém phat va huéng phat photon nhu mong mudn [1]. Dat ngudn vao nhiing méi trudng
thich hop khac nhau cho ta nhiing ing dung quan trong trong quang hoc va quang dién tir. Vi du nhu céc
ngudn phat don photon, 1a loai nguén sir dung trong ma hoa lugng tir. Chi ngudn phat don photon méi
cho phép d6 bao mat cao nhét vi trong qua trinh phat xa, mdi lan chi mét photon Xuét hién. Ngoai ra ta
cling c6 thé diéu khién khoang cach thoi gian giita hai 1an phat lién tlep cung nhu chon tan s6 cua photon.
Tir nam 1946 vé6i cong trinh dau tién cta Purcell [2], nguoi ta da biét toc d6 phan ra trang thai va dich
chuyén mirc ning lugng ciia mot hé phén tir co the thay d6i khi ta dat no trong mot moi trudng phu hop.
Nhu di biét, qué trinh ra ty phat dong vai tro rit quan trong trong cic thlet bi quang tir. Nguoi ta c6 thé
diéu khién qua trinh nay bang cach diéu chinh méi truong xung quanh nguon phat xa. Cac thudc tinh cua
qua trinh 13 c6 thé tim hiéu thong qua khdo sat ham Green [3, 4]. Cac céu trac ddi xtmg try xuat hién
trong cac nghién ciru gan dy vé atom chips [5], toc d6 ra tu phat va dich chuyén muc [1, 6 — 12], ning
luong diém khong [13], twong tac Casimir-Polder [14 — 16] va su truyén ning luong cong hudng giira cac
phan tir [17]. Trong cac cong trinh nay, hé tru duoc gia sir dai vo han. Bai toan toc do ra tu phat cia
nguyén tir dit gan khi try hai 16p ciing da dugce xem xét [18]. O ddy chung t6i s& xem xét bai toan vé tbe
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d6 ra va sy dich mirc nang lwong cua nguyén tir hai mirc khi dit bén trong khdi tru co ciu trac nhiéu 16p
dai v6 han. H¢ 3 16p va 4 16p cling dugc xem xét.

Hinh 1: M6 hinh khdi tru nhiéu 16p

2 CAC PHUONG TRINH CO BAN

Phat xa tu phat 1a mét vi du thé hién rd tac dong cua trang thai chan khong cua truong dién tir 1én cac
qua trinh vat 1y c6 thé do duoc. Einstein di chi ra rf?mg, dé thu duoc dinh lut birc xa Planck, ly thuyét ra
trang thai clia nguyén tir nhit thiét phai bao gdm ca qua trinh phat xa tu phat [19]. Céc tinh chat ctia hién
tuong blic xa cua mot nguyén tu bi kich thich trong chan khong da dugc nghién ctru mot cach rong rai va
toc do ra ty phat cia mot nguyén tir (hai mirc) bi kich thich dugc cho béi biéu thirc

13 72
1"0 = wA—dA , (1)

- 3rhe,c’

trong 46 @', =, —Aw 1a tan s chuyén mic di bi dich di mt lugng Aw, véi Aw 1a dich chuyén

Lamb. d, 1a d6 16n clia phan t ma tran C?A =<l|6§A |u) =<u|;A|l> cua toan tir md men ludng cuc

nguyén tor d, giita trang thai trén |u> va trang thai dudi |/ > va w, la tan sd chuyén mirc nguyén tir
tuong tng. Khi nguyén tir dugc bao quanh boi chét dién moi, mat do trang thai cia truong dién tir thay
d6i va biéu thuc cia toc do ra phai dugc hi€u chinh [20 — 33].

Ten xo Green ¢ dién cua vat chat tdn sac va hap thu bat ky thoa phuong trinh sau [34]

HG( 7 ,0)=8(F —F)I , )
ﬁ(?)sﬁxu(;’w)ﬁx_?_js(;?,m). 3)

H¢ duoc xem xét chira mOt nguyén tir hai mic ¢ trang thai kich thich bi bao quanh béi méi truong vi
mo, c6 thé 1a moi trudong hap thu va tan sac. Trong cac phép gan dung ludng cuc dién va gan ding song
quay, toc do ra cua nguyén ti cho boi
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Moi trudng vat chét tao nén khdi tru duge gid st c6 dang Drude-Lorentz phu thugc tan sd, xac dinh
boi
>
g(w)=1+ z

2 — ®)

07 — 0 —iyo
& day tan sd plasma w, déc trung cho cuong do tuong tac gilta moi truong phén cuc va truong dién

tr, w, vay lan luot 14 vi tri va d rong ciia cong huong méi truong. Vi mdi trudng bao quanh budng

cong huong s& gan nhu duogc gitr gidéng nhau trong ca ba mé hinh dwgc xem xét, tat ca cac tan sb va do

dai c6 thé dugc chudn theo @, va A, =27c/®,. Khéi try phan 16p duge gia thiét c6 do day cac 1op

bang d6 day quang hoc, bang 1/4 budc song,

_ Ao

4Re [e;(@)n, ()

@, 1a tam cua vung cam tan so, A, =2zc/ @,, véi @, latan so & tim ving cam.

(6)

J

2.1 Ham Green cho khéi tru vé han

Ham Green cho h¢ try trai dai toi v han va c¢6 N 16p da dugc rit ra mot cach téng quat [35]. O day
chung t6i s€ viet ham Green ¢ dang tuong minh dé chuan bi cho cac budc tinh toan so ti€p theo. Gid st
diém ngudn duoc dit o 16p s (s=1,2,...N) va diém truong duge dat 6 16p / (f =1,2,...N), ham
Green cho khéi try nhiéu 16p théa nhitng diéu kién bién sau day

txGP =fxGUDS | (7
Lf'><V><GfS=;1A‘><G(f+l)s. (8)
Hy Hr

Dé tim dugc dang clia ham Green G* chung ta sir dung phwong phap t6 hop cic song. Ham Green
dugc tach thanh hai phan gdm ham Green khong bién (hé vat chit dong nhét chiéu khong gian) G,, va
ham Green tan xa G .

G (r,1') = Gy, (r,¥)S} + GL (r,1). 9)

Ham Green khéng bién G, c6 dang

~n ’ . +oo © _ 0
G()e(r,l")z——rrg(r ), j th—(z 25”)
n=0 R

¢ el
MO M, (=) +ND ()N, (=h) r > (10)
% PN o™ls oMl oMs
M, WMV (=h)+N, (WND (-h) r<r.
oM oMM o™s oM

Thanh phan mé ta tan xa do su c6 mat cua hé tru ¢6 dang
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(2 50

ng(r,r')_ j dhz
Nana(D) 1N S5 np? Ny S5 npr(D)
{(1—5f )Mgnﬂf(h)_a—5S)CU;M2MS(—/¢)+(1—5S )Cll;Mgnm(—h)}

+(1-6) )Ngljm (h) (1—5;)c{;N;nn (~h)+(1-8Y )C'{;N;(Z7 (—h)}

+(1- 5N)N<1) (h) (1—51)c{§,M' (—h)+(1—5N)c'ﬁ M;(L)n (—h)}
+(1- 5N)M<1> (h[l 51)c{;N' NCOR G 5N)c'f‘N;(27 (—h)}

FA-0PM, ()| (-3DCM,,, () <=0 )ChME ()

+ﬂ—5}>Mo,mf<h>[<l—5§>C£Né,,,7 () +1-5")CHNL) (—h)}}, an

+(=0pN,, (B A=8)CEN,  (h)+(1-6] )C'{;Ngi)ns(_h)}

+(=8}IN,, ) A=8)CHM, | (-h)+(1-5)C ML) (—h)}

trong @6 s va f 1a thir ty cua cac 16p chira ngudn va truong. Chi sb trén N trong 5SN 1a 56 16p cua
khéi try. Cac hé & C/5,,C/ ... duge xéc dinh tir cc diéu kién bién (7) va (8) va dugc viét dusi dang

nghiém cua cac phuong trinh hdi quy [36]. Trong biéu thic ctia ham Green & cong thic (11) M, va

o"1f
N,  lacac ham co so cla song try, cho boi
oMy
MO () =V x| H (1) (ng)e™ 2 |
oM f
nHO () oHO(,r) o (12)
=[J‘r"—fi‘o“s(n¢)r——f S(ng)d |e™
or
@ h) = 1 \v4 ) cos ihz A
Ne (h) = x Hn (nfr)sin(n¢)e z
o™f «’hz +n%
. 13)
1 HWM (57,1 i 1
T [ - oy ® = HLD (), (n) 4 HD G155 (n)z
+n
S

Trong cac cong thirc (12) va (13) H ,51)(77fr) 1a ham Hankel loai 1. Trj riéng 77, va hang s truyén
k, 616p f c6dang
2 .2 2
h™ =ky—nr,

kaf =a)2,uf8f . (14)
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trong d6 42, va &, 1ado tr tham va hang s dién moi o 16p thir 1.
Pé tinh toan sd, ta can biét dang twong minh cua cic hé s6 phan xa C trong (11). Ching 1a nghiém
clia cac phuong trinh hdi quy, véi cac phan cuc TE va TM duoc ki hiduboi H va V',

R e o |- F [ v 554, . as)
& ddy cac ma tran cho hé sé C 1a
1=sf 1=o o 1-8) 1=6) ¢,
1-6f 1-8; ¢f,, 1-67 1-8) C’ZﬁHV
Ci” = | Lo ; . ; (16)
1=6p 1=6; Cf,,  1=8p 1= C'{SHV
1-8} 1-6 cfH’V 1-68% 1-6) c;{sHV
cac ma tran
10 00
A = 00 A, = 0 01 (17)
o ol 2700 1)
00 00
va cac ma tran F' cho boi )
6[H (1)(’71 Om )] 4 H (1)(’71%) a["n (”f“m )] _&i (”f"m)
oa,, a, oa,, * a,,
F; _ 0 P; Hnl(n]am) 0 pJJn (njam) | (150
Lot (ma,) o1 (ma)| +4J‘T'Jn (1,80) 722 ()]
- a, oa,, B oa,,
7 ij(l)(n m) 0 TP n(n]am) 0
I +§jHr(,l)(77jam) a[Hr(,l)(Ujam )} J, (njam) 6’[Jn (njamﬂ ]
s 7 oa, a, oa,,
HY(n. 0 . 0
- p]Hnl(mam) Pl (114, s
Tjﬁ[Hr(l)(iyjam)J é’f[ ]—](1) (Ujam) ]8[J1 (77J m)} é’J i (njam)
oa,, a, oa,, ¥ a,
i 0 rjij,(,l)(njam) 0 TP, (njam) |
véi j=1,2,...N va m=1,2,...N —1 la chi s ciia cac 16p va a,, 1a ban kinh cua khdi tru twong ting
véi lop do va
; - n)
_ | _ihn L\
tji= H; ’ é,j a kj ’ Pj ; ’ (19)
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Trong (18a) va (18b) dau phia trén danh cho ham chén va du phia dudi danh cho ham l¢. Cac

phuong trinh (11) cho ham Green va (15) cho cac hé s6 phan xa la cac phuong trinh tong quat cho hé tru
6 sb 16p bat ky.

2.2 Ra tw phat khi nguyén tir dat trong méi trwong

Khi nguyén tir dit bén ngoai khéi tru (16p 1) ham Green c6 dang tudng minh xac dinh bai

- 28! ~ -
G 0) = j dhz( )[C MY (WM (<)
N“) (h)N’“)( h)+c; N“) (h)M’“)( h)+Cl Mg;)m(h)ﬁg(n‘;l(—h)]. (20)
Va khi nguyén tir dat bén trong (16p N)

G = | dhz(z 5”)[CNNM“> WML (~h)

FCYND (DN (+CU NS (WML (B +CY MY N (-h) | @1

Trong d6 cac ham vector xac dinh boi (12) va (13).

Sau khi giai cac phuong trinh truy toan (15) ta thu duge biéu thirc tudng minh cta cac hé sé phan xa
T(H’V)T(H’V) T(H’V)T(H’V)
13 2

CI(H vy = T(H V)T(H ) TI(ZH,V)TZ(IH,V)

(H.V)p(H,V) (H.V)yq(H,V)
o TYOTE Tt
2HY) T m(HY ) (H V) (H.V)yq(H,V)

LD Ty

T3(H V)T(H V) T3(2H,V)TZ(11‘1,V) (22)
C3(H vy =
T(H V)T(H V) —T(H’V)T(IH’V)
T4(H V)T(H N%) T4(H V)T(lH,V)
C4(H vy — T(H V)T(H V) T(H V)T(H,V)
S=[L ) =TT T T (23)
Tbe do ra tu phat xac dinh bdi biéu thirc
o0 © 2
r_,.3 0\ i [0 2
r—0—1+§ReI dhy(2-8))C k—;[z ()] (24)
0o n=0 J
Su dich mic nang luong nguyén tu xac dinh b(”yi
a)
St = —L0%4%4 iRe j zth( 5°)c,f; J [Z(l)(n/rA)J . (25)
8hrc 0 k;

Khi nguyén tr & bén ngoai Z,?)(n 7,) 1a ham Hankel loai mot, khi nguyén tr & bén trong

Zil)(njrA) 13 ham Bessel loai mot.

3 KET QUA VA THAO LUAN

O day chiang t6i xem xét hé véi 16p trong cing (16p N) va ngoai cing (16p 1) 1a chan khong c6 hé s6
dién moi € =1, va cac 16p th j, véi j# N,1 1a vat chit co hé s6 dién moi phu thude tan s6, xac dinh
boi biéu thirc (5). Cau triic hinh hoc dang nay c6 thé tao ra mot sy giam nhdt truong rat tot. Tir do, xuyén
sudt bai bao nay doi khi chung t6i s& goi hé nhu la mot budng cong huong, voi 1op thir N —1 1a tuong
trong cung cua buong cong hudng.
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3.1 Téc d9 ra tw phat clia nguyén tir
Chung t61 gia st moi trurong tao nén khdi tru co do day hitu han va c6 hé sb dién moi dang Drude—
Lorentz @, , dugc x4c dinh boi phuong trinh (5). Trong viung pho giira tan s6 cong huong ngang w; va

tan sd cong huong doc @, = 1/ a)i +a>f, , hé sb dién moi thé hién mot tinh chét goi la vung cAm Lorentz

(Lorentz-bandgap), lam cho tuong cua budng cong hudng cé kha nang phan xa tét. Tuy nhién, no van cho
phép mot lugng hiru han photon thoat ra ngoai.
18 S S TR : , .
16 | | |
14 :
12 | |
10 + ! - 4
| i
I
I

om

E u

D

0 02 04 06 08 1 12 14 16
Ro/Ar

o N o d

-

Hinh 2: Hé ba I6p, chdn khéng-méi truong-chdn khdng, Téc dg ri tw phat ciia ngyén tir & trang thai kich thich khi
dadat trén truc doi xvmg ciia khoi tru, véi R, =054, R =154 0, =120, (dwong cham-chim).
@y, =0.79600; (0, = 0.7, @py =038, ); R =Ry =54 .. Ry =054, (duong gach-chdm), R, =154, (dwong
lién nét).

Trén hinh 2 ching 61 khao sat toc do ra cua nguyén tur khi dat bén trong khdi tru 3 16p voi gia thié‘g
m@i tr}rc‘)’ng tao nén khoi tru 1a loai vat chat dang Dru—Lorengz Xac dinh boi phuong trinh (5). Ta c6 thé
thay toc do ra tu phat ciia nguyén tir phu thudc rat manh vao tan s cta photon phat xa ciing nhu ban kinh
trong cung va do day cua 16p vat chét tao nén khdi tru. Vi cac tham sb vat chét o, =1.2w,, ban kinh
trong cung R, = 0.54, va ban kinh ngoai R, =1.54, (duong chdm-chiam) ta nhat thiy trong ving cdm
tan s o, <0< o, tbc do rd cia nguyén tir bj Grc ché rdt manh T =T/ [, — 0, diéu d6 cho thiy
nguyén tir co thé dugc giit yén o trang thai kich thich ma khong bi rd. Ngoai ving tan s6 nay, vé hai phia,
tbc d6 ra cua nguyén tir dao dong manh va dat mot cuc dai vé phia bén phai & ving tan sb gﬁn Vol ), .
Trén hinh 2 ching t61 cing v& cho tinh hudng thay ddi cac tham sb vat chit ciia moéi truong dé khao sat
anh huong cia vat chat lén toc do rd, lac nay ching t6i chon cac tham sO6 cua moéi trudng
@,, =0.796w, (v, =0.7w,,®,, =0.38w,) , va ting d6 day cia khéi tru R —R, =54, cb dinh ban
kinh trong ctia khéi try R, =0.54, (duong gach-chdm). Luc nay, ciing c6 thé thiy dugc trong ving cdm
tan sb Wp, SO, tbe do ra nguyén ti cling bi trc ché manh va xuét hién mot dinh cong huong rat cao
& vé phia ving tan s bén trai cua ving cAm. Khi giit nguyén cac tham sb vét chat ctia méi trudng, cb
dinh @6 day khéi tru (16p 2) nhu cii va ting ban kinh trong ciia khéi try R, =1.54, (dudng lién nét) tinh
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hinh cling dién ra tuong ty trong vung cdm tan sd. Tuy nhién, dinh cong hudng luc nay dich vé phia phai
ving cAm, phia tan sé cao hon.

[/,
NN W = 0 3 =~ 00 O

"y

Hinh 3: Hé bén I6p, chdn khéng-méi truong-méi truong-chan khong, Moi truong & I6p thir 2 la gidng nhuw & hinh 2,
P Ny . o, =12 . R —R, =51, N s R—R, =44, \ £ £ .
moi truong o lop thir 3 co ~* T ovoi 1 T2 (duwong lién nét), ~1 2 (dwong cham-cham) va
22 (dwong gach-chdm).

Trén hinh 3 ching ti c¢b dinh 16p thit 2 c6 cac tham s6 vat chat
®,, ~0.796@, (v, =0.7@,,®,, =0.38w,) giéng nhu trong hinh 2 va tao thém mot 16p thir 3 bén
trong, v6i tham s6 @, =1.2w, va lan lugt thay doi d6 day cua lop thir 2, R —R, =51, (duong lién
nét), R —R, =44, (dudng chim-cham) va R —R, =24, (dudng gach-chim). Hinh v& ciing cho thiy
anh hudng cua moi trudng vat chét tao nén tudng trong cung cua buéng cong huong 1én toc do rd cua
ngyén tir. Bén trong ving cam tan s, tbc do rd cia nguyén tir tién vé khong, hay ndi cach khac nguyén tur
bi gilr nguyén ¢ trang thai kich thich ma khong ra dugc. Bén ngoai ving tan 80 nay, tdc do ra dao dong
manh va c6 nhiing cong huong ca vé hai ph1a tan s6 cao hon va thap hon tan s6 trong vung cAm. Ngoai ra,
d6i v6i hé 4 16p chiing ta ciing c6 thé thay dugc dang diéu cua toc do ra ¢6 2 ving cim trong khoang tir

o/w, =11+12 va o/ w, =0.7+0.8. C6 thé thiy ving thir nhat 1a do tuong trong cung (16p 3) cia
buong cong huong gy ra va vang cAm thtr 2 1a do 16p bén ngoai (16p 2). O vé hai phia tan s cao hon va

thip hon ciia hai viing cim nay ching ta ciing thay dugc cic dinh cong huong, & nhing vi tri nay, toc do
1 ctia nguyén tir ting manh. Ngoai ra cling c6 thé thiy duoc cac dudng tuong tng voi do day cua 16p vat

chat bén ngoai (16p 2) ting tir 24, +54, thi dang diéu cla cac duong cling khong phan biét o rang, diéu
nay c6 thé giai thich rang, d6 day ctia 16p ngoai, tao nén mot sy giam nhdt trudng rat tbt va dat gia tri bao
hoa khi d6 day c& 24, , ¢ gia tri nay, tang do day 1én nira cling khong 1am thay d6i tinh chét cua hé.
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Hinh 4: Hé tru nhiéu I6p c6 dang gwong phdn xa Bragg véi 8 cdp lop 2 Téc dg ra ti phdt diege vé nhu mét

ham phu thugc tan s6 véi Ry, =014 (dwong cham-cham), 0.54 (dwong gach-chiam), va r (dwong lién nét).
o N £ 2 ), =0.748w,
Tam vung cam tan so ~° r
Trén hinh 4 ching t6i v& tdc d6 rd ty phat ciia nguyén tir nhu mot ham cua tan sd, ban kinh trong
clng cta khéi try R, , =0.14, (duong chim-cham), 0.51, (duong gach chém) va ﬂT (duong lién nét).
Dang diéu do thi ciing dlen ra tuong tu nhu cac truong hop trén, trong vung cém tan sd, toc do 1d cling bi
tre ché manh, & ving tan s6 cao hon ciing xuét hién dinh cong hudéng. Dinh cong huéng dich vé phia tin
s6 cao hon khi ban kinh trong cung ctia khdi try tang.

32 D9 dich mirc niing lwgng

73 R RS IR BB VS DRSS O 3
30 | 1
20 |
10 |4

-10 |
20
30

0 0.15 0.3 045 0.6 0.75 0.9 1.05 1.2 1.35 15
Ro/hr

3 32
Hinh 5: B¢ dich muc nang luong S0l phyeo,d,; / 87c] phu thudc vao ban kinh trong cung cua khoi tru nhiéu lop. Cho

khéi tru 3 16p (dwong cham-cham), 416p (dwong lién nét) va 8 cdp 16p (dwong gach-cham). Cdc tham sé khdc nhi
trong cdac hinh 2-4.
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Trén hinh 5 ching t6i vé do dich mirc ning lugng nhu mot ham cua ban kinh trong cung ciia khoi
try. Ban kinh trong ciia khdi try duogc chuén theo budc séng A, =27c/ @, . Vi khdi tru ba 16p (duong
cham—cham) bbn 16p (duong lién net) va 18 16p Si/SiO2 (dudng gach- -cham). Khi ban kinh khéi tru rat
bé, ta thiy do dich mic nang luong dién ra rat manh. D6i voi khéi tru 3 16p, nang luong chuyén murc ca
nguyén tir dich rit manh vé phia xanh (dudng cham—cham) trong khi d6 ddi voéi kh01 tru 4 16p (duong
lién nét) va 18 16p (duong gach- cham) nang luong chuyen murc cua nguyén tir dich vé phia do. Tang dan
ban kinh khdi try, dang diéu cua toc do ra thay d6i rat manh va xut hién nhing dinh cong hudng tai cac
vi tri v& hai phia ctia ving cdm tan so (xem hinh 2). Tai nhiing dinh cong huong nay, khong c6 sy dich
mirc nang lugng nguyén tur. O vung tan s6 cao hon tin sé cong hudng, ning lugng chuyén mirc nguyén tir
tang, nguoc lai & ving tan sé thap hon, ning lugng chuyén mirc giam.

4 KET LUAN

Ket qua cho thay sur giam manh cua tbc do6 ra tu phat trong vung cAm cua tan s va tai bién cua ving
nay toc do rd ting rat manh vé phla bién trai ctia cua ving tan sb. Vi tri cac dinh cong hudéng phu thudce
vao ban kinh trong cung ciia khdi tru phan 16p. Tai céc vi tri cong huong, do dich mirc nang luong béng
khong. Tai nhimg vi tri khong cong huong, nang luong chuyén mirc cua nguyén tir dich vé phia xanh ¢
ving tan s6 cao hon tan sé cong huong va dich vé phia d6 ¢ viung tan s0 thap hon tan sd cong hudng.
Tom lai, qua nhitng két qua tinh toan ¢ trén, da cho thay, v6i hé tru ¢ cdu triic phan 16p, chung ta c6 thé
tao nén mot budng cong hudng c6 tinh chat giam nhét tot 6 thé gitr duoc nguyén tur dimg yén ¢ trang
thai kich thich trong mét khoang thoi gian nhu mong mudn. Diéu nay mang lai trién vong rat 16n déi véi
viéc diéu khién tin hiéu photon trong 6ng dan séng.
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