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Tém tit: Nham muc dich khao sat cac qua trinh vat 1y caa hé nguyén tu, phan tir khi dat trong mai truong,
cu the, & day, chiing toi khao sat hé trong moi truong co c4u tric hinh try phan 16p. Biéu thirc ham Green
ctia hé tru phirc tap hon so véi cac hé cdu trac ciu hay phang. Viéc tinh toan ham Green ctia hé ciing kho
khin hon do ham Green vira chira mot tong vo han cac mode N vira chita mdt tich phan theo toan bo s6 song
k. Qua trinh tinh toan s6 doi hoi phai xur 1y cac over- va under-flow cta cac ham bessel, hankel bién s6
phirc, khi bién s6 16n va/hodc chi s6 n 1on. Ngoai ra trong biéu thic ciia ham Green chtra cac hé s6 Ci. Cac
hé s6 C;i nay cé thé tién vé giGi han 0/0 hodc oo/ oo, lam cho viéc tinh ) khong thé thuc hién duge. Trong
bai bao nay, ching tdi dé xuit mot k¥ thuat bién ddi cac ma tran T; trong hé thirc truy toan nham khir cac
dang 0/0 hodac oo/ oo ctia cac hé s6 Ci. Viéc bién ddi nay lam thay doi gia tri cia moi ma tran T nhung két
qua cudi cung khong lam thay doi gia tri ham Green cuia hé. Cac bién d6i nay diing cho hé tru N 16p bat ky.
Twr khoa. H¢ tru phan 16p, Cong huong quang hoc.

1. GIOI THIEU

Tir ndm 1946 Purcell da cho thdy rang, vi mdi truong bao quanh phut hop, cac qué trinh vat 1y ciia hé vi
mo nhu nguyén tir, phan tir s& bi anh hudng dang ké [1], chdng han nhu mirc ning luong ctia nguyén ti bi
dich chuyén, toc d6 ra trang thai ciing thay d6i. Tuong ty nhu toc do ré trang thai, tdc do truyén niang luong
cong hudng cling bi anh hudng boi moi truong [2]. Cac qua trinh vat Iy néu trén da duoc khao sat ca vé ly
thuyét Ian thuc nghiém trong cac hé cau tric phang [2], hé cau [3,4,5], soi nano [6], kho| tru 2 16p [7] ..

ca cho vat chat dién méi, kim loai va cho ca graphene [8]. Hé tru 1a mot md hinh rat gan véi thuc té, h|en
nay vai su phat trién cia cong nghé, ngudi ta 6 thé ché tao cac day nano cacbon, soi nano thuy tinh .
Hién nay, day nano thudng xuyén dugc sir dung trong cac tinh thé hai chiéu. Vi thé, Ccac qué trinh vat |y
ctiia hé vi mé nhu phan tir nguyén tir dugc dit trong cau tric hinh hoc dang tru nhiéu 16p thu hit sy quan
tAm quan tam dic biét trong cong ddng khoa hoc.

Hinh 1: M6 hinh khéi tru nhiéu 16p.

Trén thuc té, dé tao dugc mot budng cong hudng cé kha ning giam nhét tot, ngudi ta can dén hé cu tric
nhiéu 16p. Van @é khé khan hién nay la lam thé nao dé co thé tinh s6 dugc ham Green caa hé tru nhiéu I6p.
Cac cong huong quang hoc trong hé nay co thé dan dén hién tugng over- va under-flow lam cho viéc tinh
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toan ham Green cua hé tré nén bat kha thi. Do ciing chinh 1a Iy do hién nay cac nhém nghién ciru trén thé
gidi chi dung viéc khao sat hé ¢ ba 16p. Gan day ching toi da phat trién mot ki thuat cho phép tinh dugc
ham Green cua hé tru N 16p bat ky. V6i su gitip suc cua ky thuat nay, chung t6i ciing da thuc hién cac tinh
toan va cong b két qua khao sét toc do truyén nang lugng cong huang giira hai nguyén tir khi dat trong hé
tru dién mdi nhiéu lop [9].

2. CAC PHUONG TRINH CO BAN

Ham Green cho h¢ tru trai dai t61 v han va co sd 16p bat ky di duoc rut ra mot cach tong quat [10]. O day
chung t61 se viét ham Green & dang tu:ong minh dé chuén bi cho cac budc bién d6i nham chuén bi cho viée
tinh toan sd tiép theo. Gia sir diém ngudn duge dit 6 16p S (s=12,...,N) va diém truong dugc dit ¢ 16p

(f =1,2,...,N), ham Green cho khéi try nhiéu 16p théa nhing diéu kién bién sau day

PxG® =pxG(TDs (1)
L oicvxe® ol pgliDs, )
Hi Hiyl

Dé tim duoc dang cua ham Green G® chung ta str dung phwong phap 6 hop céc song. Ham Green duoc

tach thanh hai phan gém ham Green khong bién Gpe va ham Green tan xa G s,
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trong @6 s va f 1a tht tu cua cac 16p chira ngudn va truong. Chi sé trén N trong 5SN 1a s6 16p ctia khdi
try. Cac hé sd le,i ,Clif ... dugc xac dinh tir cac diéu kién bién (1) va (2) va duoc viét dudi dang nghiém cua

céc phuong trinh hdi quy [10]. Trong biéu thirc cia ham Green & cong thirc (5), M, - va N, - la céc
o'V f o'Vt

ham co sd cua song tru cho boi [11]
1 ihz 5
MO () =V x| 2P jr)5n (n)e™2 |
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Trong céc cdng thirc (6) va (7), khi nguyén tir & bén ngoai Z(77,r,) 1a ham Hankel loai mot, khi nguyén
ti & bén trong erl) (7;14) 1a ham Bessel loai mot. Tri riéng 77¢ va hang s6 truyén K, o16p f co6 dang
h? =K% -nf ,
k? =a)2,ufgf , (8)
trong d6 u; va &, la do tir tham va hang s6 dién moi ¢ 16p thar f .
Dé tinh toan sé‘, ta can biét dang turdng minh cia cac hé s6 phan xa C trong (5). Chang 1a nghiém cua cac
phuong trinh hoi quy, vdi cac phan cuc TE va TM duoc ki hiéubdi H va Vv,

EF et rotan |=FY) oY) c i |, ©

& day cac ma tran cho hé s6 C la
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voi j=12,..,N va m=12,.,N -1 la chi s6 clia cic 16p va a,, 14 ban kinh ciia khdi try twong tmg véi
16p d6 va
2
€] ihn __(’71) 13
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Trong (12a) va (12b) dau phia trén danh cho ham chin va déu phia dudi danh cho ham l¢. Cac phuong
trinh (5) cho ham Green, va (10) cho cac hé s6 phan xa la cidc phuong trinh tong quat cho hé tru ¢6 so6 16p

bat ky.

3. CAC BIEN POI TUONG PUONG CHO HE THU'C TRUY HOI
Tir phwong trinh (7) ciia L. W. Li [10], ching ta c6 thé viét lai hé thic truy hdi & dang

cly) =i :cg: ) 4 §;A2} ~50LA,
ClHv) = T(Y) :Cg'_'lv)l + 5(59_1)A2] ~5A, (14)
Cl =T [ Gl + 0 A |- 5
Vi h¢ tru N 1op ta co
ClY) =Ty ClL + 85 A |- 53A, (15)
S =[O, = TEOTEY  THOTHY), (16)

Véi s=1 va f=N (ngudn & 16p thir nhat va trudng & 16p thir N), chung ta c6 phwong trinh sau
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Ce/.?l»-%,V) =T 'V)Cl/(liu V) +T3(2H 'V)CZ% V) +T3(3H Y,
Cittiy =T Clfh vy + T Cy + T,
Ta c6 thé thay rang, dé tinh duoc ham Green cuia hé can phai tinh dugc cac hé sb Cihv) cho boi (18). Tuy
nhién, chung ta thiy rang, cac hé sé nay duoc biéu dién thong qua cic phan tir ciia ma tran truy hoi
Y= rl'ij(k)(H‘V)]4x4 =TTV TEYTHY) " cac phan tir ctia ma tran 3" lai bién thién rat 16n khién cho
cac hé sb C(H V) c6 thé tién vé gidi han 0/0 hodc hitu han/0 hodc oo/ oo, lam cho viéc tinh toan s6 tré nén
bét kha thi. Khi sb l6p cua hf: du 16n, hoac khl ngqyén ti cang gﬁn l;)é II}é.'[ khéi tru, viéc thuc h‘ién tinh s6
cang trd nén kho khan hon. O déy, ching t6i dé xuat mot ky thuat bién doi cac ma tran thanh phan T, trong
hé thirc truy toan (15), viéc 1am nay s& 1am cho timg ma tran T, khong con c6 gia tri nhu ban dau nita, tuy
nhién, viéc bién dbi do giup ching ta co thé tinh duoc gia trj cua cac hé sb Cihv) ma khéng lam sai khac di
nghiém ctia bai toan. Néi cach khac, ki thuat bién ddi nay khong lam thay d6i biéu thirc giai tich chinh xac
cua ham Green cua hé.

D6i v6i hé tru N 16p chung ta co
N-1

L iy ) (19)

m=1 @m
V6i O, =211 (Hjndjn —Hindn ) VA 3 =34 (2jn ). Hjm = HY (2j) 1n luot 1a ce ham Bessel va ham

Hankel loai mot, v6i Z;, =27wn;a,, j=m+1.
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Ta thay rang mdi phan tir cia ma trén T(H’ u chira thira s6 1/ ®,, nén chiing ta hoan toan c6 thé cit bo

thira s6 nay ra khoi cac tinh toan ma tran ™ V)
Vi h¢ tru N 16p, chiing ta co thé bién d6i mbi mot ma tran TgnH V) nhim muc dich cho viéc tinh sé nhu sau,
v6i 1<m< N —1, ta nhan cac dong 3 va 4 v6i thira sb e “"e™ " va nhan cc cdt 3 va 4 cho thira s6

g mint vy thu duoc
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Biéu thire (28) 10c ndy da sin sang cho viéc tinh s6 cho céc hé s6 Cyy, trong céc bicu thire (18) ma khong
phai lo chuyén over- hodc under-flow.

4. KET LUAN

Tir nhitng bién ddi trén chung t6i da lam cho tirng ma tran trong biéu thirc truy toan ma tran khéng con
nhu ban dau nia, tuy nhién, tich ciia ching van thu dwoc gié tri nhu ban dau. Viéc bién ddi nay giup ching
ta ¢ thé thuc hién duoc viéc tinh sé ham Green cua hé tru ma khong con lo ling v& van d& xuét hién over-
hoac under-flow trong qué trinh tinh sé.

Hién nay, cac nhém nghién cau trong va ngoai nudc, ddi véi hé tru phan 16p chi ding lai ¢ hé 3 16p.
Trén thyc té, dé tao dugc moéi trudng giam nhét tot can thiét phai thuc hién hé nhiéu 16p. Tuy nhién, van dé
khé khan trong céc tinh todn chinh 1a cong doan nay. Bang k¥ thuat nay ching i cling da thuc hi¢n cac
tinh toan vé thé twong tac Casimir-Polder, toc do ra ty phét cia nguyén tu, toc do truyen nang luong cong
huong gitra hai nguyén tu trong hé tru nhiéu 16p, cac két qua d6 ciing da dugc cdng bd trén cac tap chi quéc
té uy tin [9]. Viéc thyuc hién dugc qua trinh tinh sb cua ham Green cho hé try nhiéu 16p s& thiic day cac
nghién ciu vé cac qué trinh vat ly trong hé tru nhiéu I6p cia cac nhém nghién ciru trong nudc va quic té.
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NUMERICAL MENTHOD FOR LAYERD CYLINDRICAL CONFIGURATION

TRAN MINH HIEN
Faculty of Mechanical Engineering, Industrial University of Ho Chi Minh City
tranminhhien@iuh.edu.vn

Abstract. For the purpose of investigating the physical processes of atomic and molecular systems placed
in mediums, we consider a system of layered cylindrical structure. The Green function of cylindrical system
is also more complicated then the one of spherical or planar system. It makes calculating the Green function
of system more difficult because the Green function has an infinite sum of n-modes and an integral over
the entire wave number. The process of numerical calculations requires handling arithmetic over- and
under-flow of bessel and hankel functions of complex variables when variables and/or the order of functions
are large. In addition, the expression of Green function has the C;. These coefficients can approach the limit
0/0 or infinity/infinity, it making numerical calculations impossible. In this article, we propose the
proceduce to transform T; matrices in the recurrence-matrices relation to eliminate 0/0 and infinity/infinity
forms of coefficients Ci. By doing so, it makes the values of the Ti-matrices no longer the same as their
original values but the final result does not change the Green function of system. These transforms are
general for any N-layers of cylindrical configuration.

Keywords. Cylindrical waveguide, Optical resonance.
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