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TOM TAT
Trong nghién ciru nay chung t6i phét trién sy nghién ctru vé sy tuong tu gitra dao dong co va hiéu img
trong sudt cam tng dién tir (Electromagnetically Induced Transparency - EIT)‘ cho méi trudong nguyén tir bon
mirc ning lugng ciu hinh chit Y. Theo d6, mot hé dao dong co duqc d& xuit @& minh hoa cho so d kich thich
bén muc nang lugng cau hinh chit Y. Két qua cho thiy rang phd hip thu va tan sic cta cong sudt co rat gidng
v6i phd EIT thu dugc trong cau hinh hé nguyén tir bon mirc. Cac sy twong tu c¢b dién nay gitip cho viéc mo ta
don gian, truc quan cac qua trinh giao thoa lugng tir phirc tap xdy ra bén trong hé nguyén tir va cho phép minh
hoa c4c thi nghiém vé EIT ciing nhu cac hién twong lién quan trong cac hé lwong tir.
MECHANICAL OSCILLATORS ANALOGS AND ELECTROMAGNETICALLY-
INDUCED-TRANSPARENCY (EIT) PHENOMENA IN A FOUR-LEVEL INVERTED
-Y ATOMIC SYSTEM

ABSTRACT

In this work, we develop research on a classical analogy of electromagnetically induced transparency
(EIT) for a four-level Y-type atomic medium using a mechanical oscillator system. According to that, the
mechanical oscillator system has been proposed to illustrate for the exited scheme of four-level Y-type atomic
system. It is shown that both of the absorption and dispersion spectra of the mechanical powers are very similar
to that of the four-level Y-type atomic system. This classical analogy provides simple and intuitive physical
description of complex quantum interference processes that occur in the atomic system and can be used to
illustrate experimental observations of the EIT and related effects in quantum systems.

1. MO PAU

Hap thu va tan sic 1 hai théng sb co ban dic trung cho tinh chit quang hoc caa moi
truong, ching ¢ mdi quan hé khing khit véi nhau théng qua hé thic Kramer - Kronig va
thuong duoc biéu dién trong Gng theo phan thuc, phan 4o cia do cam dién y duoc xac dinh
thdng qua su phan cuc ciia moi trudng. Trong mién cong huang, cac hé s nay thay doi nhanh
theo tan sd va quy luat thay d6i hoan toan phu thugc vao cau tric ciia nguyén tir (phan tir).
Tuy nhién, sy hap thu manh trong mién phé cong hudng da phan nao khong cho phép quan
sat dugc nhiéu hiéu ung quang tuyén tinh ciing nhu phi tuyén. Vi vay, l1am giam hap thy va
tang hé s6 tan sic trong mién cong huong ludn dugc cac nha khoa hoc quan tdm nghién ctu.

Mot nghién ctru dot pha nham 1am giam hay triét tiéu hé sé hap thu do6 1a hiéu ung trong
sudt cam tng dién tir (EIT-Electromagnetically Induced Transparency) duoc khdm phé boi
Harris ndm 1989 [1] 4 m& ra nhiéu tng dung trién vong trong mét sé linh vuc (ma trude day
chua thé quan sat duoc do hap thu manh) nhu, lam cham van téc nhém énh sang [2], quang
hoc phi tuyén ngudng thap [3],ting cudng phi tuyén Kerr [4], tron nhiéu song [5]....
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Trai qua hon hai thap ki, da c6 rat nhiéu nhém nghién ctu vé EIT va cac ang dung lién
quan [6]. C4u hinh co ban cua EIT Ia hé nguyén tir ba mic ning lugng duoc kich thich boi
hai truong &nh sang laser (mot truong laser do va mot trudng laser diéu khién) dat vao hai
dich chuyén khac nhau cé cing mot mac chung va tao ra mot mién phé trong subt (mét cira
s6 trong sudt) [7, 8]. Cac nghién ctu vé EIT khong chi dirng lai ¢ cac cdu hinh hé ba mic
nang luong ma con duoc mo rong cho cac hé bén muac [9], ndm mac [10, 11] tham chi sau
mtc [12] dé tao duoc nhiéu cira s6 trong sudt hon, do d6 ting kha ning ¢ng dung vao thyc té.
Tuy nhién, d6i v&i cac cAu hinh nhiéu muc nang luong thi bai toan ciing tré nén phic tap hon
do sir dung nhiéu truong diéu khién hozc/va nhiéu dich chuyén tham gia trong qua trinh tuong
tac véi cac treong anh sang.

Do ban chit cia hiéu tng trong sudt cam ng dién tir hoan toan 1a mot hiéu tmg luong
tir nén viée hiéu ban chat vat 1i cling nhu mo ta hién tugng nay la rat kho khan d6i véi hoc
sinh, sinh vién khi chua duoc tiép can co hoc va quang hoc lugng tu. Nham khéc phuc kho
khan nay va minh hoa vao giang day hi¢u tng giao thoa lugng tir trong hé nguyén tir thi mot
s nhém tac gia di sir dung md hinh Lorentz dé lién hé sy twong tu ¢b dién vé cac hé quang
luong tir khac nhau, chang han: hiéu tng Ramann cong hudng kich thich [13], su truyén doan
nhi¢t nhanh trong vat li nguyén tir [14], dao dong Rabi chan khong [15], cong hudng Fano
[16], EIT trong cac hé ba muc [17, 18] va bén muc [19-21],...

Trong bai béo ndy chiing t6i phat trién nghién ctru sy twong tir ¢d dién cta hiéu tmg EIT
cho hé nguyén tir bén mirc ning lugng cau hinh chit Y. Chung t6i dé xuat mé hinh dao dong
co dé minh hoa cho so dd kich thich bdn muc chir Y. Dan ra cic phuong trinh dao dong cua
hé va khao séat céng suat dao dong co cung cap cho mach dao dong, chiing t6i thiy rang phd
hap thu cong sudt trong tu v6i phd EIT. Sy twong ty ¢ dién ndy cung cap sy mo ta ban chat
vat 1i don gian va truc quan cac qua trinh giao thoa lwong tir ma c6 thé duogc str dung dé minh
hoa cho cac quan sat thyc nghiém vé EIT trong cac hé luong tu.

2. EIT TRONG HE BON MUC CHU' Y

Chung t6i khao sat so d6 bon mirc nang lwong cau hinh chir Y duoc kich thich boi ba
trudng laser nhu duge mo ta trén hinh 1. Gia thiét rang chum laser do L, c6 cuong do rat nho
Véi tan s @y con cac laser diéu khién Ly va L o cuong do rat 16n véi cac tn sd @ VA we.
Goi Ap,Ac VA Ag 12 cac @9 léch tan s6 cua chum do va cac chum diéu khién véi cac dich
chuyén nguyén tir nhu trén hinh 1:

Ap=ap- p, Ay= w1~ @1, A,= - W32, (1)
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[4)

Iy —t1

Hinh 1. So dé bén mirc nang lwong cau hinh chi# Y

Duéi tac dung cua cac trudng laser, sy tién trién cac trang thai luong tir cua hé nguyén tir
dugc mo ta qua ma tran mat do p theo phuong trinh Liouville [10]:

p=—rIH.pl+Ap. @

O day, H 12 Hamintonian cua hé nguyén ti-truong; A dic trung cho cac qua trinh phan ra
ctia nguyeén tir. Hé nguyén tir xét trong bai toan nay c6 bén mirc ning luong nén phuong trinh
(2) 1a mot hé gom 4 x 4 = 16 phuong trinh cho cac phan tir ma tran mat do pi. Tuy nhién, vi
chlng ta chi quan tdm dén phan ta ma tran ang véi dich chuyén tao boi chum do ps, nén ta
chi can viét 3 phuong trinh cho cac phan tir ma tran mat do mo ta do lién két giira cac murc.
Trong gan dung song quay va gan dang ludng cuc dién, bo qua céc bién dbi trung gian, hé 3
phuong trinh nay c6 dang:

A . 10, Q. iQ

P :(lAp_742)P42+Tlp41+ 22 p43+7p(p44_/722) , (3)
o 0, io

P =['(Ac1+Ap)_741]p41+Tlp42 _Tppzl’ (4)
) . iQ, iQ

Pz :[I(Ap _Acz)_743]/943+72p42_7pp23- (5)

O day, Q,=d,E /n, Q,=d,E,/hva Q,=d,E,/h tuong ung la tin s6 Rabi
dugc cam ng boi chum laser do va cac chum laser diéu khién; Ep,Ec1va Ec, tuong tng la bién
d6 dién truong cia chum laser do va cac laser diéu khién; y dic trung cho toc d6 phan rd do
lién két tir mirc i sang muc k [11].

Giai hé cac phuong trinh (3)-(5) dudi diéu kién ban dau p,, = py, = p,, =0, p,, =1, tic

1a ban dau nguyén tir cu tra & trang théi |2> , chiing ta tim dugc nghiém cho p,,:
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-iQ, 12 ©
P = ) Qzl /4 sz /4
Var —1A, + - + -
Ya _I(Ap +Ay) Vi _I(Ap —Ag)

Mt khac, do cam caa nguyén tir d6i véi chum laser do lién hé ps, theo biéu thire [10]:

Nd
y=2——> P (7)

&E,

V6i N 1a mat do nguyén tir, con & 1a hang s6 dién moi ciia chan khong va dyp 1a phan tir
momen ludng cuc di¢n cua dich chuyén |4> —)| 2> .

Ap dung cho hé nguyén tir ¥Rb, céc trang théi |l>, |2>, |3> va |4> tuong ung véi cac
muc 5S1/(F =2), 5Py (F'=2), 5D3p(F” = 2) va 5Dsp(F” = 3). Céc tham s cua hé nguyén tu
Rb dugc str dung [22]: y4= 3 MHZ, 741 = 0,3 MHZ, 743 = 0,03 MHz va d,, = 2,5.10 °C.m.
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Hinh 2. Dé thi ba chiéu ciia hé sé hdp thu (a) va tin sic (b) theo 2c; va A, khi Q¢ =15
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Hinh 3. Do thi hai chiéu ciia phé hép thu (trén) va tan sic (dwdi) theo AkhiQq = 15 MHz,
Act =0, Az = 10MHz va €2, = 0 (a), £2 = 2 MHz (b), 2> = 6 MHz (c) va £, = 10 MHz (d)
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Trudc hét, ching tdi ¢d dinh cac tham sb cua chum laser Lei tai cac gia tri Qg = 15
MHz, Az = 0 VA Az = 10 MHz, khao sat su thay dbi cua phd hap thu [Im(y)] va tan sic
[Re(y)] ctia chim laser do theo Qcp, Ap dugc cho béi trén hinh 2 trong khong gian ba chiéu.
Tir hinh nay chiing ta thay, khi chua c6 truong laser lién két Le, (tic 14, Q_, = 0) thi trén pho
hép thu c6 mot mién phd trong sudt (mot cira s6 EIT) tai tan s6 cong hudng nguyén tir va do
do ciing chi c6 mot dudng tan sic thuong trong mién phd EIT — day 1a trudng hop cua hé ba
muc ciu hinh bac thang [8]. Tuy nhién, khi c6 mit cua trudng laser lién két L, va ting dan
cuong do thi trén dd thi phd hip thu chum laser do xuat hién thém ctra s6 trong subt thi hai
tai d0 léch tin A¢; = 10 MHz vé6i do sau trong suét ting dan. Pong thoi, trén dd thi caa phd
tan sic xuét hién thém dudng cong tan sic thuong trong mién phd EIT tuong tmg. Dé truc
quan hon, chung t6i v& db thi phd hip thu va tan séc trong trudng hop nay trong khdng gian
hai chiéu nhu duoc mo ta trén hinh 3. Giai thich ban chét vat Ii cho su xuét hién cac cta sb
EIT tuong ty nhu trong cong trinh [18].
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Hinh 4. Dé thi ba chiéu ciia hé sé hdp thu (a) va tin sic (b) theo Qc; va A, khi Q¢ =10
MHz, Ao =10 MHzva Ay =0
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Hinh 5. Do thi hai chiéu ciia phé hdp thu (trén) va tin sdc (dwéi) theo A, khi ¢, = 10 MHz,
Acz =10 MHz, Ay = Ova €21 = 0 (), £2.1 = 6 MHz (b), £2; = 10 MHz (c) va £ = 15 MHz (d)
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Tiép theo, ching t6i ¢ dinh cac tham sé cua chum laser L, tai cac gia tri Q¢ = 10
MHz, Ac; = 10 MHz, A¢; = 0, khao sét sy thay doi cua pho hip thu [Im(y)] va tan séc [Re(y)]
cta chum laser do theo Qg, A, trong khong gian ba chiéu (hinh 4) va trong khong gian hai
chiéu (hinh 5). Khi chua c6 truong laser lién két Ly (tic 1a, Q, =0) — day la truong hop coa
hé ba mirc cau hinh chit V, trén pho hap thu c6 mot cira s6 EIT tai do léch tan A, = 10 MHz
va do d6 ciing chi c6 mot dudng tan sic thuong trong mién phd EIT [8]. Khi ¢ mit cua
truong laser lién két L¢; va ting dan cuong do thi trén do thi phd hap thy chum laser do xuat
hién thém cira s6 trong sudt thir hai tai do léch tin A, = 0 vé&i do sdu trong sudt ting dan.
Dong thoi, trén dd thi ciia pho tan sic xuat hién thém dudng cong tan sic thuong trong mién
phd EIT tuong ¢ng.

3. SUTUONG TU GIUA DAO PONG CO VOI HIEU UNG EIT

Nhu ching t6i di dé cap trong [18], dé d& dang hinh dung duogc hién tugng két hop
luong tir trén ddy, chung ta co thé sir dung mé hinh dao dong co cua con lic 10 xo. Trong
cong trinh nay chiang tdi phat trien mé hinh cho hé bon mic. Hé con lic 16 xo twong Gng Vi
cau hinh bdn muc niang luong trong hinh 1 s& c6 dang nhu moé ta trén hinh 6, trong d6, 10 xo
c6 do cing ky mot dau duoc gan cd dinh va dau con lai gan vao vat my, 10 xo ki, mot dau gan
vao myva dau con lai dwoc gan vai vat my, 10 X0 ki3 mot dau gan vao m; va dau con lai dugc
gan vai vat ms, 10 X0 ko, mot dau gan vao m, va dau con lai duoc ¢b dinh, 10 xo ks mot dau gan
Va0 mz va dau con lai dugc gan cb dinh. Tat ca hé thong duoc dat trén mat phang ngang.
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Hinh 6. Hé dao djng co twong 1ng véi cdu hinh bén mac chi Y
Su twong ty vat li gitta mé hinh dao dong tir nay véi hé nguyén tir bén mirc ning luqr}g
duoc kich thich bdi ba truong laser nhu sau: dao dong tor m; twong duong voéi dich chuyén
|2> <—)|4> v6i tan sb cong huong o, = \/(kl +k, +K;)/m , dao dong tir m, twong duong véi
dich chuyén |1) «>|2) véi tan s6 cong hudng o, :m , dao dong tir m3 tuong
duong voi dich chuyén |2> (—)|3> v6i tan sé cong hudng @, =m : 10 x0 kiz gén
1) ¢5]2).,

10 xo0 ki3 gin giita vat m; va mg dong vai trd nhu truong laser lién két Lg, kich thich dich

gitra vat m; va my dong vai tro nhu truong laser lién két Ly kich thich dich chuyén

chuyén |2> <—>|3>; va luc didu hoa F(t) = F,e ™ tac dung vao vat m; dong vai tro la laser do

kich thich dich chuyén| 2> <—>|4> . Néu chung ta phan tich cong sut truyén tir nguon diéu hoa
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t6i vat my 1a ham cia tan s6 o, thi ching ta s€ thu dugc cong tua hap thy cong hudng c6 dang
Lorentz (dinh cong tua hap thy tai tan s6 @, ). Tuy nhién, néu chiing ta cho vat m, hoac/va ms
dao dong thi cong tua hap thy s& bi thay doi. Nhu chiing ta s& thiy sau day, chung ta s& thu
dugc cong tua hap thy co dang tuong tu nhu phd EIT nhu da khao sat trong muc 2.

Pé mo ta chuyén dong ¢ dién cua hé con lic nay, chung ta st dung cac toa do mot
chiéu x1, X» Va X3 biéu dién 1i 6 ctia cac vat my, Myva M3 so véi vi tri cAn bang cla chung.
Nhu vay, phuong trinh chuyén dong cua cac vat c6 thé dugce viet twong trng dudi dang:

F

Xl (t) + 71X1(t) + a)lz X, (t) - lexz (t) - ng X3 (t) = Hoeiiwpt ) (83-)
Xz(t)+7/1X2(t)+a)22X2(t)_Q§1X1 (t)=0, (8b)
X5 (1) + 75X, (1) + a)32 X5 (1) — Q51)(1 (t)=0. (8c)

trong do, chung ta da gid st my = mp; = m,Q, :\/m vaQ,, =/k,/m la cac tan sb dic
trung cho tan sé Rabi dugc cam ng boi truong laser lién két trong mé hinh nguyén tir; 7, 1a
hé s6 ma sat lién quan dén toc d6 tiéu hao ning luong cla vit my twong ng véi tc do phat
xa ty phat cua trang thai |4> 7, 1a tdc do tiéu hao ning luong cua vat my tuong Gmg voi toe
do phat xa tu phat cua trang thai |2> va 7, 1a toc do tiéu hao ning lugng cua vat ms twong

g véi tdc do phat xa ty phat cia trang thai |3> :

Vi chiing ta chi quan tm cong suit cua luc do bj hap thu boi vat m; nén chung ta chi tim
nghiém ctia xy(t). Chung ta gia st c4c nghiém c6 dang X (t) = Be " v6i B, la hang sb (i=1,2 va
3). Thay cac biéu thirc ndy vao cac phuong trinh (8), chung ta tim dugc li d6 dao dong cta vat m; 1a:

(F, /m)e""

Q Q,

: 2 2 2 2
oy, +o, -0, o,y;+o,-o,

©)

%0 =-

(iw,7, +a)p2 -a)-

Chuing ta gia thiét k; = k, = k do d6 w; = wp. Ngoai ra, vi chiing ta khao sat trong mién
cong hudng cia ca ba dao dong tir nén co6 thé xem nhu m=w,= 0OrEp=0e. Vi vay, chung ta co
thé viét biéu thuce (9) dudi dang gan dung nhu sau:

(F, /m)e”
oM B Q;,
ofiy,=2(A, +Ay)] ofiy,—2(A,-A,) ]

. (10)

X (1) =
o (iy,=2A,) -

O day: a)i—a)f z(a)p+a)1)(a)p—a)l)z2wlAp Va @ — @5 =~ (o, +w,) (0, —w,) = 2w, .

Cong suét co hoc cua lwc F(t) bi hip thu boi dao dong tir m; dugce tinh béi cong thuc:
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R =F®x(t). (11)
Cong suét trung binh trong mdt chu ki dao dong dugc cho bai:
27l o,
"P,(t)dt iwE?
Pl(wp):J.O - /1() ~ g;f)Fo /m = . (12)
4 a)P a)(i}/l_ZAp)— cl c2

iy, —2(A, +A)] o[y, —2(A,~Ay) ]

Chung ta khao sat su bién thién ctia cong suat co P.(w,) theo do léch tan s6 A , VO cac
tham s6 khac duogc chon trong don vi tan s6 1a: , =3, 7, =0,5,7,=0,05,0=vk/m=2 va
F/m duoc liy bang 10 1an luc trén don vi khéi luong.

Tuong tu nhu trong muc 2, truéc hét ching ta ¢ dinh cac tham sé cua con Iac 10 xo ki,
va khao sat su thay d6i cua phan thuc céng suat [Re(p)] twong tng véi su hap thu va phan 4o
cong suat [Im(p)] twong ng Véi su tan sac cong suat theo Qg va A,. Cac tham sb khic dugc

chon 1a Q¢ = 2 Hz, A = 2Hz va A = 0. Phd hép thy va tan sic cla cong suét co P1(wp)
trong khong gian ba chiéu dwgc mé ta trén hinh 7.

)]

/Y

Re{

*i o

/r

-
20 n 0

b) A L

—
—

Hinh 7. Dé thi ba chiéu ciia phan thyc cong sudt (a) va phan do cong sudt (b) theo 4, va
Q., khi chon A_, = 0va Acy = 2Hz

Tir hinh 7a chang ta thdy, khi Q¢ = 0 ching ta chi thu dugc mot cira s6 trong subt cua
cong suit co — 1a trudng hop hé ba mic nhu di khao sat trong cong trinh [18]. Khi ting dan
Qc, t6i gia tri 2 Hz, chung ta thdy xuit hién thém mot ctra s6 trong sudt cdng suat trén cong
tua hap thu cua Pl((op) va do sau trong sudt cling tang dan. Chung ta thay hién tugng nay xay
ra gidng nhu su xuat hién hiéu tng EIT trong muc 2. Ching ta c6 thé giai thich su triét tiéu
hép thu trén cong tua cia Pi(wp) 1a két qua cua su giao thoa triét tiéu giita cac mode dao dong
ctia hé con lic 16 xo dugc diéu khién boi lyc diéu hoa bén ngoai, tuong tu nhu su giao thoa
ctia bién d6 xac suét dich chuyén trong h¢ nguyén tr ma dan t6i hiéu ung EIT [18]. Mot Kkét
qua quan trong khac duge mé phong béi mé hinh dao dong co 1a hién twong tan sic cia cong
suit, nhu duoc mé ta trén hinh 7b. Trong mién phd hip thu bi suy giam, ching ta quan sat
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thay cac duong cong tan sac thuong rat déc. Két qua nay tuong tu v6i két qua dugc quan sat
vé EIT. Tinh chat nay duoc st dung dé 1am cham sy lan truyén cta 4nh sang trong moi trlrong
nguyén tir. Do d6, c6 thé quan sat hiéu tng lan truyén nhu vay bang cach khao sat su hap thu
trong méi trudng chira mot tap hop cac “nguyén tir twong tu dao dong co”. Pé thiy 16 hon su
thay ddi caa do thi phan thyc (trén) va phan ao (dudi) cua cdng suat co, ching t6i v& db thi
cua Re(p) va Im(p) trong khong gian hai chiéu nhu hinh 8 véi cac tham s6 nhu hinh 7.
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Hinh 8. Do thi hai chiéu ciia phé hép thu (trén) va tan sic (dwdi) ciia cong sudt co theo A,
khi 024=2Hz Ax =2Hz, A = 0 va £ = 0 (a), 2,=15Hz (b) Vé..ch = 2Hz (C)

Tiép theo, ching ta c6 dinh cac tham sé cua con lic 10 xo kiz, V& do thi caa phan thyc
cong suat [Re(p)] va phan ao cong suat [Im(p)] theo Qci, A, nhu trén hinh 9. Cac tham sé
khac str dung trong hinh 9 duoc chon 12 Q¢ =2 Hz, Ac; =2 Hz va A¢p = 0. Tur hinh 9a ta théy
khi khéng c6 mit caa con lac ki, thi mé hinh cia chung ta tré vé hé ba mirc, tirc 1a ching ta
chi quan sat dugc mot ctra sb trong sudt cong suét. Khi co thém tac dung cua con lic kyp va
tang dan tan s6 Q1, ching ta thdy xuét hién thém ctra sO trong sudt thir hai trén cong tua hap
thu cong suat. Khi ting Q¢ =2 Hz thi hai cira s6 trong suét co do sau va do rong twong du’ong
nhau. Tur hinh 9b, ta thay khl khong c6 mat con lic Kqp th1 chi xuét hién mot mién tan sic
thu’ong twong (g v6i clra s6 trong sudt trén cong tua tan sac. Khi c6 thém con lic ki, va ting
dan tan sd ch, chung ta thay xuét hién them mién tan sdc thuong thir hai twong ung vdi cua
sO trong sudt thir hai trén cong tua tan sac cua cong suat, do rong pho cua mién nay ciing ting
1€n theo su tang ctia Q¢ nhung d6 dbc cua dudong cong nay bi giam xuong Pé minh hoa truc
quan hon vé su bién thién cua su hap thu va tan sic cia cong suét co theo cudng do Qc,
ching ta biéu thi két qua trén d6 thi hai chiéu ctiia phan thuc (trén) va phan ao (duéi) cua cong
suat nhu hinh 10.
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Hinh 9. Dé thi ba chiéu ciia phan thyc cong sudt (a) va phan do cong sudt (b) theo 4, va
Q khi chon A, =0va A, = 2Hz

25
24
_— 1.5
B
a2
=1 1
0.5
0 . , . ) ; r : y
-20 -10 0 10 20 -20 20 20 -10 0 10 20
1.5
1_
05
—
% 0
-0.5
-1
1.5 . i . . . . /
-20 -10 0 10 20 20 - 10 20 -20 -10 0 10 20

@ £p[Hz] p[Hz] (©) Ap[He]

Hinh 10. Dé thi hai chiéu ciia pho hd'p thu (trén) va tdn sic (dwdi) cia cong sudt co theo
Ap khl ‘QCZ =2Hz, ACZ =2Hz, A(;]_ = 0 Vd .ch = O (a), .ch = 1,5 HZ (b) Vé. .Q(;]_ = 2 HZ (C)
4. KET LUAN

Trong bai bao nay, chiing t6i di dé xuit mé hinh dao dong co 1a hé gom ba con lic 10 xo dé
minh hoa cho so d kich thich hé nguyén tr bdn muc ning lugng cau hinh chix Y. Hé sb hap thu
Vva tan sac ciia mdi trudng nguyén tir bon muc chit Y ciing nhu “sy hép thu” va “tan séc cong
suét trong h¢ dao dong coda duoc khao sét. Chung t6i da chi ra duoc rang hé dao dong cb dién c6
phd hép thu va tan sic rat giong véi phd EIT trong moi truong nguyén tir bon muc c4u hinh chir
Y. Su tuong tu ¢b dién nay ciia EIT cung cap cho sy mo ta don gian va truc quan vé cac qua trinh
giao thoa lugng tir phtrc tap x4y ra bén trong hé nguyén tir va co thé duoc sir dung dé minh hoa
cho cac quan sat thue nghiém vé hiéu tng EIT ciing nhu cac hiéu tmg két hop lugng tir khac.
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