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Tém tit: Ching t6i khao sat phat xa cua mot ludng cuc nguyén tir trong khong gian ba chiéu dugc dit
trong moi truong phan 16p phang va xem xét hiéu g tao anh & phia bén kia ctia mot tAm phang vat chat
phén cuc nghich (LHM). Chung t61 tap trung khao sat kha nang cai thién chat lugng anh theo phuong z va
quan sat dugc sy co hep kich thudce diém anh nho hiéu tng phuc hdi thong tin mat mat duoc truyén tai boi
truong evanescent cua vat chat phan cyc nghich. Chung t61 cling nhén thay rang, diém anh bi lam dich khoi
diém hoi tu ly tucmg theo mot cach bat thuong, khi hap thu cta tim vat chat thay di, diéu nay khong don
thuan chi duoc giai thich boi dinh ludt Snell. Bing cach tach hai s6 hang mé ta séng truyén va séng
evanescent trong biéu thirc ctia tensor Green, chung t6i c6 thé chi ra dugc tac dung cta truong evanescent
trong viéc cai thién chét luong anh.

Tir khéa. Vit liéu nghich, Siéu thau kinh, thau kinh Veselago.

1. GIOI THIEU

Bai todn V& su truyén ciia song dién tir trong moi truong vat chat, & mot ving tan sb xac dinh, 1an dau
tién duoc Veselago nghién ctu cho loai vat liéu c6 dong thoi ca hé sé dién moi va hé sé tir tham am [1];
diéu nay dan t6i chiét suat caa méi truong 13 4m. Trong méi trudng nhu vy, dién truong, tir truong va
vector song tao thanh mot hé tam dién nghich (left-handed system), ciing vi Iy do nay ma ngudi ta goi no
1a vat liéu phén cuc nghich (left-handed material-LHM). Tuy nhién, khi truong dién tir di qua méi truong
ndy, cac vector dién truong, tir truong va vector Poynting van tao thanh mot hé tam dién thuan (right-handed
system) nhu trong cac loai vat liéu thong thuong khac. LHM con ¢6 céc tinh chat khac thuong khac nhu 1a:
dich chuyén Doppler nghich, birc xa Cherenkov nghich, va ap suat anh sang nghich. Mét trong nhirng tinh
chat bat thuong khac dwgc quan tdm nhiéu nhat hién nay caa LHM 1a su khic xa nghich, khi song dién tir
di ngang qua tam phang LHM. Trong cong trinh [2] Pendry d goi y kha ning tao anh c6 d6 phan giai vuot
qua giéi han nhiu xa nho hiéu tng nay.

Nho vao hién tugng khic xa nghich, ching ta cé thé hinh dung ra mét loai thiét bi quang hoc méi nhu
14 thiu kinh dang phéng. Gia str chiét xut ctia tim 1a n=-1, c6 thé théy réng, theo dinh luat Snell, tai bé
mat phan cach, anh sang di vao moi truong theo mot goc am. Mot dac trung khac nira ciia hé 1a hiéu ing
hoi tu kép, anh sang truyén qua mot ban mong c6 do day d, dat cach diém ngudn mot khoang 1a |z Al S8
cho diém hoi tu thir hai cich bé mat bén kia tim mot doan 1a z=d—|z,|. Vi tri hoi tu nay lan dau tién
dugc dugc tién doan boi Veselago néu coi hap thy ciia tim bang khong [1]. Hon nita, khi chiét suét ti ddi
n /n,=-1, d6 day tim vét liéu 1a d va khoang cach tir ngudn tdi tdm phing 1a |z, |; khi d6 khoang cach
giita ngudn va diém anh s& 1a 2d. Tuy nhién d6 dai quang hoc giita ching bang khong. No6i cach khac,
ngudn 4o dugc tao ra tir dang thau kinh loai nay hdu nhu chtra toan b thong tin ciia nguodn ban dau. S¢ di
¢6 thé noi nhu thé 13 vi hiéu quang 16 bang khong, néi cach khac s& khong co thong tin bi mit khi anh séng
truyén qua thau kinh loai nay [1]. Chinh vi 1y do d6, ngudi ta con goi loai thdu kinh nay 14 siéu thau kinh,
d6i khi con goi n6 1a thau kinh Veselago.

Ngoai ra Pendry ciing da chi ra rang, thdu kinh c6 dang mot ban méng song song 1am tir loai vat liéu
LHM nay, bién do séng evanescent phat ra tir ngudn c6 thé duoc khuyéch dai bén trong tim va mot cach
chinh xéc, ching tai xuat hién tai diém hoi tu [2]. Nhu vay diém anh & bén kia tim LHM s& chtra toan b
thdng tin cia nguon. LHMs khong ton tai trong tu nhién, Cong trinh ché tao thanh cong loai vat liéu nay
trong phong thi nghiém cho viing vi séng duoc cong bé nam 2001 [3] va cho ving anh sang kha kién cong
bS nam 2007 [4].
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2. CAC PHUONG TRINH CO BAN
O day, chung t6i xem xét hé gom mot moment ludng cuc nguyén tir (tai vi tri F, vai tan s chuyén mirc
w, moment ludng cuc d, ), hodc ciing c6 thé 1a mot ion, nguyén tir, phan tir hay chdm lugng tir ban dan ...,

duoc bao quanh bai chét dign tir mdi tan sic va hap thy. Trude tién, dé tong quét, ching toi xem xét hé vei
cau truc phang nhiéu lop.
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Hinh 1: Ludng cuc nguyén tir dit gan mot hé phang ba 16p

O trang thai kich thich ludng cyc trai qua qua trinh ra ty phat va phat ra photon. Sy lugng tir hoa truong
dién tir khi c6 mat vat chat da duoc khao sat trong [5]. Néu ta gia thiét nguyén tir dugc dat trong chan khong
va bd qua hiéu umg tré, str dung gin dung Markov, cudng d6 truong dién tir 1(F,t) tai diém khong thoi
gian (T,t) cho boi biéu thic [5]

I(F,t):lF(F,FA,a)A)|2 e, (1)
é( , A’a)A d __J. d ImG(F,FA,C()A)dA , (2)

0~ @,

kg

&p

voi F(T.T,0,)=

¢ day k, =w, / c. Trong cac biéu thuc 21D)va2.12), T 1a tbe d0 ra tu phat cua ludng cuc va dugc xac
dinh béi biéu thirc
A
d, ImG (M Py @,)dy, (3)
&o

va G (f, Iy, a)) 1a tensor Green mo ta moi trudng bao quanh ludng cuc. Phan bd khong gian cia truong phat
xa duge xac dinh béi tich cua| F (T, F,,,) [ va mdt thira s6 phu thudc thdi gian giam nhanh theo qui luét
ham mil. S6 hang thi hai trong biéu thic (2) biéu dién thanh phan khong cong huéng dic trung cho dong

gop cuia bd chinh truong luong tir cho cuong d6 phat xa, dong gop nay du be dé chung t6i c6 thé xem nhu
khong dang ké va chi giir lai s0 hang thtr nhat trong (2.12), khi do

ik 5(F, Ty, 0,)d,. (4)

F(F.F @) -
Toan bd cac kénh twong tac bao gdm ca trudng truyén va truong evanescent déu nam trong tensor Green.
Goi Oz 1a phuong vudng goc véi bé mat cia hé, moment ludng cuc nguyén tir dat tai vi tri 16p thir 0 va
diém truong dit tai 16p thir | (truong hop | = 2 duogc v& minh hoa trén hinh 1). Sir dung tinh bét bién tinh
tién cua hé trong mat phang xy, tensor Green c6 thé dugc khai trién thanh cac séng phang. Sau khi thuc
hién tich phan theo bién sé goc, tensor Green biéu thi toan b truong lan truyén trong khdng gian cho boi

(6]

200) (s (IO) eiﬂozA+iﬂ,z
G (ryrA’ J‘ G A’a)A'k”) Zﬁ k”dkH ! (5)
i
trong d6 IZH =k, X+k,y lavector song song song voi bé mat cua hé, va
Bir +1B; (6)
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1a do l6n cua thanh phén z ciia vector song trong I6p thi j, trong d6 k; = @ }gj (@), () . N6 c6 hai gia

c
tri trong mat phang phirc, va cac dau duogc xéc dinh theo cach ma phan 4o cua 3; dwong [7]
ﬂJR = ﬁjl >O khl ]R/ujl +8]|/“JR 20 (7)
Bir <0, B 20 khi gjppt;, +&; 115 <0. (8)
Céc thanh phan caa G ) (F,F,,w,) biéu didn nhu sau [8]

~ 2
GU) (F,F,0,) =t f" (3,c082p + 3, )+t (—J, cos2y +J,), 9)

0

= ﬁz
G\ (F .1, @,) =t k°( ~J, 0082y + 3, )+t (3, c082p + ;) (10)

0

2(10) (o o 2(10) (o o 52 :
G, (F.F, @) =G, (F.F,0,)=|t5, —t} kg sin2yJ,, (11)
0
2(10) (o 2(10) (o = :Bozku
G, (FF,0,)=G, (F,F,,0,)=-t) — % 2isinyJ,, (12)
0
2(0) (7 = o Ki
G, (r,rA,a)A)zthZJo, (13)
0

Gl (F .7, m,) =Gl (¥, T, 00,) =¥c§§'z°> (F,i0m,), (14)

trong d6 p(s) ky hiéu cac song phan cuc TM(TE), tany =x/y va J, =J, (kH X2+ y2) la cac ham

Bessel cAp n loai mot. Ta di gia sir rang cac 16p thir 0 va tha | gidng nhau, k, =k, . Cac hé s6 truyén qua
dugc xac dinh thdng qua céac hé thure truy todn. Tai mat phan cach ta cé [6]

=75 (1+7), (15)

—98.
q-onA, (19
B, +7/ijﬁ'
gi i
7ijp:g_ va yy = A (17)

i i
v6i 0= p,s va I} lacac hé s phan xa tai mat phan cach.

Khi diém truong nam trén truc z, 1a truc di qua vi tri caa ngudn, tensor Green don gian di rat nhiéu, cac
thanh phan khac khéng ctia n6 cho bai [6]

B - 2
éw)) (F. r'A,CUA) :G)(/IyO) (Fa FAva)A) =tI%%+tISOI (18)
0
- k?
2(10) (v =
¢ ’(r,rA,wA)=2t.%k—”z- (19)
0

Tensor Green biéu dién bai cac phuong trinh (5)—(19) dang cho hé phing chira sb 16p bét ky.

3. KET QUA VA THAO LUAN

O day chung t6i s& trinh bay cac két qua tinh s6 cho hé véi ciu tric ba 16p nhu duoc minh hoa trén hinh 1.
Chung t6i gia thiét hé dugc dat trong chan khong, ¢, =¢, =1= 1, = 14, , h¢ 50 dién moi va hé so tir tham

clia tim & = g4 =—1+iy v6i y nho dic trung cho mic do hap thu ciia tim. Luu ¥ rang y =107 Ia viing
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hap thy dic trung cua téim‘LHMs ¢6 thé thuc hién bang thyc nghiém hién nay. Ngoai ra ta c6 thé phan tich
tensor Green thanh hai phan, véi hé ba 16p ching ta c6 [8]

GE(r, 1 0,) =G (1 1y, 0,) + G (1 1y, @), (20)
G (F,1y,@,) = L "GO (1,1, 0,k )—e%(w) k,dk (21)
1 TTATTEA 472' ATEATTY| Zﬂo =
G (F,Fy, 0,) = G<2°>(r Py, @ k)Mk dk (22)
2 (Nhe@a) =) S ey k
voi G(zo)( ry, @, ) biéu dién cdc séng truyén va G{* (T,T,,@,) biéu dién céc séng evanescent.
Hé sé truyén qua cho bai
q ipd
t = 4ybuPie (23)

2 2 i .
(ﬂl + 710/ ) - (,Bl - 7/1qoﬂo) e
Mic du diu cua B; dugc xdc dinh theo cac phuong trinh (7) va (8), ching t6i luu ¥ rang sy dao dau cua

S, — =, khong gay ra tc dung gi 1én tg,, vi thé, ciing khong gay tac dong gi Ién tensor Green.

Dé hiéu 16 hon van dé, trude tién chung t6i xem xét trudng hop 1y twdng khi tim phing khong c6 hap
thy, tic la » =0, nhim muc dich so sanh két qua véi truong hop khi tAm o hép thu. Tuy nhién, dé tranh
dai dong, chung toi khong trinh bay chi tiét & day. Pé don gian chung toi khao sat thanh phéan zz ctia tensor
Green, nghia 13 thanh phan trudng trén tryc z, khi ludng cyuc nguyén tir dinh hudng theo phuong z. Véi
k <k, tacd g =-p, vathanh phan thtr nhat cua tensor Green biéu dién séng truyén tré nén don gian [8]

(20) i e

G® (r,r,@ L kidk, . 24
122 ( A A) Ar J.o kiﬂ 1= (24)
Véi k, >k, khi d6 B =i|f, |hoan toan 4o, h¢ sO truyén qua td, =€ tir day ta co thé thdy truong

evanescent dugc ting cuong bai tim LHMs. Khi d6 thanh phan thir hai ctia tensor Green, bidu dién truong
evanescent trd thanh

i
47[ a kiﬂo

o e*|ﬂo|(ZA+Z*d)
G (T, Ty, )=

3
577 kydk, . (25)
3.1 Hé s6 truyén qua
Véi hé ba l6p, chiing ta hdy xem xét ki hon hé sb truyén qua (23) véi s6 hang biéu dién trudng evanescent.
1
B¢ don gian ky hi¢u chung ta goi u =k’ /Kk; —1]? =| B, |/k, va gia thiét y <1, khi d6 h¢ s6 truyén qua

c6 thé lay gan dung nhu sau

fue ™ {u —i;/[5+u —1ﬂ
tg, = .

© 1Y ; 1 g
yz(u +j +4u%e ™ —4ui7x(2d +u —)e‘z"“
u u

(26)

_ d ; . . .

¢ day d =k,d = 27[1_ . Phan thyc cua phuong trinh trén cho ta két qua cua [9]. Phuong trinh (26) khac
A

V6i phuong trinh twong ung trong [10], vi & day mat mat xuat hién tir ca &, va g, . Nguoc lai, trong [10],

mat mat chi xut hi¢n tir hoac 1 &, hoic g . Trén hinh 2 ching t6i v& cac phan thuc va ao cua hé so truyén

qua tf, (tf =t5 khi & =4) nhu céc ham cua k, /k, . Nh¢ lai ring khi hap thu hoan toan dugc bé di,

t = exp(d1 fknz -Kk: ) tang mot cach cham chap khi ting k.
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Hinh 2: C4c phan thuc va a0 cta hé sé truyén qua t5,, duoc vé nhu mot ham cua k;, /k, v6i & =14 =—1+iy va
7 =107 (cac hinhavab), y =10 (cac hinhcvad)va y =10"" (cic hinh e va f). P9 day cua tim d =104, . Cac
duodng lién nét sir dung phuong trinh chinh xac (23), trong khi cac dudong dit nét xir dung phuong trinh gan diing
(26). Trong céc hinh a, b va ¢ cac dudong cong biéu dién cho cac biéu thirc gan diing va chinh xac gan nhu khong thé

phén biét dugc.

Ttir hinh 2 chiing ta thay su thay d6i nay rat manh, tham chi khi chi thém mot luong hap thu rat bé, viéc nay
lam xuét hién mot cong huong, tai d6 song dién tir duge ting cuong dang ké khi truyén qua tim. Cong
hudng tré nén rd rang hon va gid tri cong huong cua k; tang khi giam y . Viéc so sanh cac két qua tinh
toan cua ching tdi vai céc tinh toén cua céc tac gia trong [9,10] cho thiy tai c4c vi tri cia cac dinh, chinh
xac 1a noi xuat hién sy triét tiéu cua cac thanh phan vector séng cao (| k, | co gia tri lén). Vi tri cua cong

huéng c6 thé duge xac dinh bing cach dit dao ham cua Re(tgo) bang khong

(4—u5)[y2(u2+1) +4u‘e ‘2"“}=4u2[y2(u2+1)2 (4u* —2du®)e ‘2"“} (27)
C6 thé chimg minh nghiém ciia phuong trinh nay chi ton tai khi =0 bang céch tinh toan s tryc tiép.
Trén hinh 2, ching t6i cling v& h¢ $6 truyén qua theo biéu thirc gan ding (26). Co thé thay rang biéu thic
gan dung lam viéc rat tot khi y nho [cac truong hop (a), (b), va (c)], nhiing truong hop con lai kha tot
quanh giatri ¥ ~10°° [truong hop (d)], nhung khong con t6t vai cac gia tri 16n hon ciia y [cac truong hop

(e) va (f)].
3.2 Hiéu tng siéu thiu kinh

Dé ngin gon chiing t6i trinh bay dong thoi anh hudng ctia ca hap thu ctia tim 14n kich thude tim LHMs 1én
vi tri va kich thudc anh va liét ké dudi dang bang dé dé dang so sanh va chi rd hiéu tmg thu hep anh, tuc 1a
su cai thién do nét cua anh, hay con goi 1a hiéu mg siéu thau kinh. Ngoai ra, ching t6i cling so sanh hai
truong hop khi moment ludng cuc nguyén tir dinh hudng theo phuong X va phuong z. Vi tri cua anh, va
nira do rong ¢ nira cuc dai (HWHM) cua trudng toan phan va trudng truyén duoc liét ké trong bang 1. O
day chung t6i goi o 12 vi tri diém anh tuong ¢ng véi trudng hop moment ludng cuc nguyén tir dinh hudng
theo phuong z Va X 12 vi tri diém anh trong truong hgp moment ludng cuc nguyén tir dinh huéng theo
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phuong x. Mac dii néi mot céch chinh xac, chi cuong do ciia truong toan phan 1 c6 thé do dwoc, chiing toi
dua ra khai niém cudng d6 cua chi phan truong truyen dé chi ra tac dung cua truong evanescent.

Ban dau chung t6i xem xét moment ludng cuc nguyén tur dinh hudng song song vai bé mat tam. Néu ching
ta so sanh HWHM cuia céc dinh do truong truyén (51 ), | An dugc ligt ké trong bang 1 véi dinh tao boi
trueong truyén trong truong hop khdng cé hap thy [khong trinh bay chi tiét ¢ day] (51) , / 4, =0.443, 16

rang hap thy cua vat chat 1am ma rong cac dinh. Su ma rong giam khi giam » . Vé6i » ~10° va bé hon,
su Mo rong khong con dang ke.

Bang 1: Vi tri va nira ¢ rong tai nira cuc dai cua anh. x,(z,), (51), [(81), ], va (81),,[(81),, ] twong g 1a vi tri
cta anh, HWHM cua dinh truong toan phan, va HWHM cua dinh tao bai truong truyén véi moment ludng cuc
nguyén tir dinh huéng theo phuong x (z). Po day tim d =101, va d = 4, , khoang cach ludng cuc nguyén tir dén
bé mit tim z, = 0.5d .

d =10ﬂ,A vV 107t 1078 107 10~ 10°°
z, =0.5d X,/ A, 4.747 4.987 4.897 4.824 4.754
(1) 14, |1685 0.490 0.441 0.437 0.436
(5|) 1/,1A 1.674 0.489 0.445 0.443 0.443
2,1 2, 4.643 4.974 4.801
(o1), 14, |1326 0.566 0.547
(s1),14, |13 0.564 0532
71
d =%, 4 10° 5x10° | 10*
z, =0.5d Xo [ Ay ~05 ~05 ~05
(1), 1 2, 0.250 0.225 0.214
(81),, 1 2 0.452 0.448 0.445

Bay gid néu chung ta so sanh do rong cua dinh trudng tuwong (ng véi truong truyén (Bang 1, dong 4) véi
d6 rong cua dinh truong toan phan (Bang 1, dong 3), c6 thé thiy dinh truong toan phan hep hon voi

7y=10°,107,10" (in dam). Tir d6 c6 thé ndi su hep lai cia dinh truong 1a do dong gop cua truong
evanescent. Két qua sé trong bang 1 cho thay khi » giam tir 107 dén 10°°, d6 phan giai khong duoc cai
thién nhiéu bang khi » giam tir 10° dén 107 . Luu y rang ¢ day ching toi dang tap trung khao sat do
phan giai theo phuong z, xu hudng gidng vay ciing duogc luu ¥ dbi véi do phan giai theo phuong x [9, 10].
Khi » giam nhiéu hon nira, Sy ting cudng cua trudng evanescent bai tim manh dén mac 6 thé nuét ludn
diém anh (chling toi khong trinh bay chi tiét o day). ) )

Ngoai ra, cac ket qua so liét ké trong bang 1 dong 2, cho thay vi tri anh phu thudc vao d6 hap thu. Vi dy,
xét truong hop 7 =107 vi tri diém anh nam xa diém hoi tu Iy twong z/ A, =5 va gan hon vé phia bé mat
tam LHMs. Khi » giam tir 107 dén 107, vi tri cua dinh tién gan hon vé diém hoi tu 1y twong, vi trong
vung gia tri nay cua y , khdng co sy tang cuong cia truong evanescent, su dich nay chi do anh huong cua
hap thu 1én truong truyén. Khi » giam hon nita tir 107 téi 10°,107, va 10°°, thay vi diém anh van tién
g%n vé diém 1y tudng, nd bi kéo nguoc tré vé phia bé mit tim. Trudng evanescent duoc tang cuong dang
ké trong vung gié tri ndy cua y , gay ra su dich nguoc tro lai cua anh so vai hudng ban dau.

Tir nhitng thao luan d6i voi trudng hop moment ludng cuc nguyén tir dinh hudng theo phuong X, ¢6 thé
thay rang chi c6 mot vung hitu han cta y , & d6 hiéu ung siéu thau kinh xuat hién. Gia tri caa y phai khéng
qué I6n sao cho truong evanescent khong hoan toan bj hap thu boi tm va cho déng gop vao anh. Ngugc
lai, phai khong qua bé sao cho song evanescent dugc tang cuong khong nuot ludn dinh truong tao boi song
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truyén. Vi cac tham sb duoc sir dung trong bang 1, mot khoang tét nhat nhu vay cia » 18 rang khong ton
tai khi moment ludng cyc nguyén tu dinh hudng theo phuong vudng goc voi bé mat tim. Diéu nay co thé
giai thich rang: ludng cuc nguyén tir dinh hudng theo phuong z tuong tdic mot cach manh mé hon doi vai
truong evanescent so vai ludng cuc nguyén tir dinh hudng theo phwong x. Vi cung mét gia tri caa y , su
tang cuong song evanescent trong truong hgp ludng cuc nguyén tir dinh hudng theo phuong z rd rang hon
S0 V6i truong hop dinh hudng theo phuong x. C6 thé noi, trong truong hop nay, trudng evanescent nuét
ludn ca dinh tao bai truong truyen trugc khi co bat ky tc dung 1am hep nao xay ra, va pha huy hiéu ung
siéu thau kinh vén di ton tai rit mong manh trong truong hop moment ludng cuc nguyén tir dinh hudng
theo phuong x. ) o

Nhu dé dugc chi ra trude déy, hiéu tng siéu thau kinh c6 the thay duoc mot cach r rang chi khi do day
cua tam nho hon budc song [9, 10]. Ket luan nay dua trén cac tinh toan giai tich cua hé trong mat phang
cua tam. Trong céc két qua tinh todn s6 dugc trinh bay ¢ cac dong 2 dén dong 6 trén bang 1, chung t6i da
khao sat d¢ day cua tam d =104, , ngoai ra, dé cd nhirng két luan rd rang hon, ching t6i cling xem xét tam
véi do day mot budc song. Trong truong hop ludng cuc nguyén tir dinh hudng theo phuong x va y =107,
két qua sé cho trudng evanescent va truong truyén dugc tach riéng (khdng thé hién ¢ day) cho thiy dong
gOp cuia truong evanescent khong dang ké so véi truong truyén. Khi » giam tir 107 téi 107, dinh tao boi
trudng truyén du xa bé mat vi thé xu huéng dién ra twong tu nhu trong truong hop d =104, . Tirc 14, dinh
duoc lam hep lai trong khi vi tri cua n6 dich gan hon vé phia diém 1y tuéng tai vi tri z=0.54, . Luong lam
hep trong trudng hop ndy 4n tugng hon rat nhiéu so véi truong hop d6 day tam d =104, da thao luan &
trén. V6i y =10°,5x10*, va 10*, HWHM (5l ), | A, tuong ing lan luot 14 0.250, 0.225, va 0.214 (dong

10 bang 1), hep hon nhiéu so véi cac dinh dugc tao bai chi dong gop cua trudng truyén (5 I )Xl | 2, (twong
g lan luot 14 0.452, 0.448, va 0.445 (dong 11 bang 1)); trung binh dwgc 1am hep lai vao c& 50%. Khi y
giam nhiéu hon nita, sy 16n manh cua trudng evanescent nudt hoan toan dinh trudng. Trong trudng hop
moment ludng cuc nguyén tir dinh hudng theo phuong z, khong quan sat dugce dinh truong, vi dinh duoc
tao boi truong truyén nam & vi tri rat gan bé mat va tuong tac ciia moment ludng cuc nguyén tir véi truong
evanescent trong truong hgp nay qua manh.

Ngoai ra, dé thay dugc van d& mot cach rd rang hon, ching toi cing khao sat truong hop do day tim
d =104, va khoang céch tir moment ludng cuc nguyén tir dén bé mat tim, z, =4, /2, gan hon so V6i
truong hop da thao luan ¢ trén. Vi trudng hop nay, vi tri diém anh phia bén kia tim nim xa bé mit hon,
gié tri ctia hap thu » ciling dugc thay doi tir 10 dén 107°. Trong bang 2, ching toi liét ké ca gid tri cia
cuong do truong tai diém anh dé c6 thé thiy rd rang hon vé viéc chit lugng anh duoc cai thién nhu thé nao
khi hap thy giam xudng va anh huong cia truong evanescent 1én viéc 1am dich diém anh ra sao twong ng
Vai cac truong hop ludng cuc nguyén tur dinh hudng theo hai phuong x va z.

Bang 2: Vi tri diém hoi tu x,(z,), va cuong d6 1 = F (7,7, @,) /(k d /(472’6‘0) ) tuong Gng voi y thay doi

trong hai truong hop moment ludng cuc nguyén tir dinh hudng theo hai phuong X va z. Khoang céch tir nguyén ti
déntam z, = 4, /2, d6 day tam d =104, .

iz 10 10° 10° 107 10°8
X, ! A, 9.25 9.49 9.40 9.32 9.29
T 5x10-° 0.30 0.46 0.51 0.53
2,12, 9.14 9.47 9.30 9.13 9.02
T 2%10°° 0.25 0.50 0.65 0.79

Sb liéu trong bang 2 cho thiy, khi hap thy giam xudng qua ngudng y ~107°, ngoai viéc cuong do tuong
g v6i ludng cyc nguyén tir dinh hudng theo phwong z 16n hon, sy dich diém hoi tu ciing dién ra manh
hon. Nhu da ndi 6 trén, nguyén nhan la do dong gop cua truong evanescent trong truong hop nay 16n hon
rat nhi€u so voi truong hop ludng cuc nguyén tir dinh hudéng theo phuong X.
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4. KET LUAN

Chung t6i da khao sat anh cia moment ludng cuc nguyén tir tao boi mot tim phang LHM, tap trung trén
kha ning tao hiéu tng siéu thau kinh theo phuwong vudng goc véi bé mat cua tam. Chung toi da thuc hién
céc tinh toan bang cach tach cac s hang biéu thi cho phan déng gop cuia chi trwong truyén va so sanh nd
Vi anh tao boi trudng toan phan. Sy 1am hep kich thudc dnh do dong gop clia truong evanescent dugc xem
nhu 13 d4u hiéu cua hiéu tng siéu thau kinh.

Chung tdi thay hiéu tng siéu thau kinh tét hon ddi véi truong hop kich thude cia tim bé, do day tam vao
c& mot budc séng. Hiéu tng siéu thau kinh ciing biéu hién trong cac hé c6 kich thuée day hon nhung voi
mot ching muc kém hon. Cac két qua ciling cho thdy su dinh hudng cua ludng cuc nguyén tir song song
v6i bé mat tim thuan loi hon cho hiéu tng siéu thau kinh. Hiéu wng siéu thau kinh rat nhay déi véi hap thu
cua tam. Khi ¢ dinh d6 day cua tam, ton tai mot ving hitu han cia hap thu trong dé truong evanescent
dugc ting cuong du dé 1am hep dinh truong duoc tao boi truong truyén, nhung khong qua 16n dén muc
nudt ludn dinh tao boi truong truyén.
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PLANAR MULTILAYERED-MEDIUM AND SUPERLENS EFFECT OF LEFT-
HANDED MATERIALS

TRAN MINH HIEN
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Abstract. We investigate the emission of an atomic dipole in three-dimensional space placed in a planar
multilayered medium and consider the imaging effect on the other side of left-handed material slab (LHM).
We focus on investigating the possibility of improving the image quality in the z-direction and observing
the shrinking of the image size thanks to the effect of recovering lost information transmitted by the
evanescent field of a LHM slab. We also find that the focal point is displaced from the ideal position in an
unusual way, when the material absorption of the slab changes, which is not simply explained by Snell's
law. By separating the two terms describing the propagation wave and the evanescent wave in the
expression of the Green tensor, we can show the effect of the evanescent field in improving the image
quality.
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