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THAM SO TU DO
VOI SU HOI TU CUA PHUONG PHAP TOAN TU FK

HOANG DO NGOC TRAM', LE VAN HOANG™

TOM TAT

Mét diéu kién pho quat dugc dua ra cho viéc chon tham s6 tu do khz ap dung phuang
phap toan e FK dé giai phuong trinh Schrodinger. Ching téi chi ra rang 1oc d héi tu cua
chuéi b6 chinh dugc cdi thién dang ké bdng cdch chon t6i wu tham so tu do. Ap dung cho
truomg hop dao dong ti phi diéu hoa, nghiém chinh xdc bdng sé (ham séng va néng lugmg)
duogc tinh bang mét giai thudt rdat nhanh dua trén phuong phdp toan tie FK va diéu kién
chon tham so toi uu.

Tir khéa: phuong phép toan tir FK, phuong trinh Schodinger, tham s tu do, toc 4o
hoéi tu, diéu kién toi wu.

ABSTRACT
Free parameter in regulation of convergence rate of the FK operator method

A universal criterion is proposed to define the free parameter when applying the FK
operator method for solving the Schrodinger equation. We show that the convergence rate
of approximation series can be regulated by this method of choosing the free parameter.
Applying for an anharmonic oscillator as a sample problem, exact numerical solutions
(wavefunctions and energies) for which are obtained by very fast algorithm based on the
FK operator method and the proposed criterion.

Keywords: FK operator method, Schrédinger equation, free parameter, convergence
rate, optimum condition.

1.  Giéi thigu van dé

Phuong phap toan tir dugc xdy dyng boi hai gido su Feranchuk va Komarov vao
nhung nam 1980 [4, 5], va da duoc ung dung thanh cng cho mét loat cac bai toan vét
li chat ran, li thuyét truong, cing nhu vét li nguyén tu, phan tr (xem cong trinh [6] va
cac trich dan trong d6). Nghién ciru sau hon vé nén tang phuong phap, ngoai cac cong
trinh ciia nhém cua chinh tac gia phuong phap con c6 cic nhom khac, xem [2, 3].
Trong bai nay va tir day trd di, chung toi sé& goi tén 1a phuong phap toan tr FK dé phan
biét vdi cdc phuong phép sir dung toan tur khac. Mot trong cac van dé quan trong khi ap
dung phuong phap toan tu FK do la vai tro cia tham so6 ty do [1, 7). Tham s6 nay dugc
dua vao khi biéu dién céac bién sb dong luc x, p, qua cac toan tr sinh hiy a(w), a*(®).

Chung ta goi la tham sé ty do vi thuc chat Hamiltonian ctia hé khong phu thudc vao sy
chon Iya tham s6 nay. Tuy nhién, o dong vai tro déc biét quan trong trong phuong phap
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toan tir FK do dé chinh xac cua nghiém gan dung phu thudc vao viée chon lva w.
Ngoal ra khi tinh chudi cac bd chmh vao nghiém dé thu duoc nghiém chinh xac biang
sb, the do hoi tu cling phu thudc rét 1én vao giatri o [7].

Tuy nhién, cach chon tham sé @ van chua duoc nghién clu tuong xumg. Ngay tu
khi xay dung phuong phap, cach chon w la dua vao diéu kién khong phu thudc cua
nghiém chinh xac vao tham sé tu do [4. 5]. Phuong phap nay t6 ra han ché khi 4p dung
cho cdc trang thai kich thich, cho nén trong cong trinh [1] dua ra phuong phap chon lura
tdi wu tham sb sau mdi vong lap khi tinh bd chinh bac cao vao nang lucmg Piéu nay
dan dén viéc tang dang ké khdi lugng tinh toan va khong dé dang phat trién cho cac hé
nhiéu bac tu do. Trong cac cong trinh [2, 3] dua ra phuong phap chon lua ngau nhién
tham s @ va thu nghiém sao cho c6 duoc tdc dd hoi tu cao. Céc phuong phap chon
lra néu trén dugce 4p dung cho dén bay gio, tuy nhién vai cac bai toan hé nguyén ti,
khi xét céc trang thai kich thich mién chon lua tham so rat hep, kho su dung phuong
phap chon lua ngau nhién. Chinh vi vay. viéc tim quy tac xac dinh mién chon lua tham
s0 tu do sao cho khi ap dung phuong phap FK ching ta c6 dugc chudi hoi tu nhanh
nhét vé nghiém chinh xac bang sb 1a rat can thiét.

Trong cOng trinh nay, chung t6i sé khao sat vai tro cua tham s6 o dbi vadi toe db
hoi tu cua phuong phap toan tir FK va dua ra nguyén tac cho viéc chon lua viing tham
56 toi Uru ma cac y tudng dau tién da dua ra trong [7]. Xac dinh duoc vung tham s toi
uu giup ta ap dung hiéu qua hon phuong phéap chon lua tham sé ngau nhién. Ngoai ra
ching toi cling so sanh hi¢u qua su dung hai so d6 tinh bd chinh bac cao la so d6 nhiéu
loan va so d6 vong lap. Dé cu thé hoa, trong bai nay ching t6i sir dung dao dong tir phi
diéu hoa cho cac tinh toan sé, tuy nhién két qua mang tinh phd quat do céc 1ap luan dua
ra khong phu thudc vao hé vat 1i cu thé.

Mot trong nhimg dong luc khién chiing toi quay lai voi bai toan nay lién quan dén
viéc img dung phuong phap toan tir FK trong phat trién bo chuong trinh giai phuong
trinh Schrédinger phu thudc thoi gian cho nguyén tir, phan tir trong trudong dién cua
xung laser.

2. Phuong phap toan tir FK cho bai toan dao djng tir phi diéu hoa
2.1. Dao djng tir phi diéu hoa va phwong phdp nhiéu logn
Chuing ta xét dao dong phi diéu hoa mot chiéu véi Hamiltonian sau:
2
H=—l—a—,—+ —x? + Ax*, (1)
2dx* 2
trong d6 hé sé phi diéu hoa 1> 0. G day, ta sir dung hé don vi khong thi nguyén. De
gidi phuong trinh Schrédinger cho hé (1) bang phuong phap nhi€u loan, thong thudng
nguoi ta chon
2
~ 1
HO — _ld_2+_ 2
2dx 2
va chi ¢6 thé thu dugc nghiém trong trudng hop A du nho [8].

V=2Ax*, ()

H
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That vay, diéu kién ung dung phuong phap i thuyét nhiéu loan [8] cho trang thai
n bat ki la:

2(2n+l)
6n’ +6n+3’

dua dén ngudng A < 0.67 cho trang thai co ban. Véi céc trang thai kich thich hé 56 A
con nho hon nira. Trong cong trinh [8], d¢ minh hoa cho su han ché cua phuong phap li
thuyét nhiéu loan mot so gia tri da duoc tinh vdi so dd Rayleigh- Schrédinger. Cu thé,
tmg voi A =0.01, kha nho so vdi diéu kién nhiéu loan (3) cho trang thai co ban, véi bé

chinh bac 10 thu dugc E('o) =0.5072562044 . chinh xac dén 10 chir s6 sau dau phay.

Tuy nhién, vo1 A =0.05, mdc du van con rat nho, da thay dau hiéu phan ki. Két qua chi

¢6 thé chinh xac dén hai chir s sau ddu phay sau bd chinh dén bac 10. Vi 4=0.1 két
qua phan ki sau bo chinh bac S. Tuong tu vdi cac trang thai kich thich, trong cong trinh
(8] cling chi ra phuong phap li thuyét nhiéu loan chi co thé ap dung cho mot ving rat
bé hé s6 A

Trong phan tiép theo ta sé xem phuong phap toan tir FK ap dung hiéu qua thé no
trong viéc giai bai toan nay.
2.2. Phwong phdp todn tir FK [4, 5]

Phuong phap toan tir FK giai phuong trinh Schrodinger vé& nguyén tic vép theo tu
tudng phuong phap nhi€u loan, tuy nhién vi¢c tach Hamiltonian ra lam hai phan khong
g10ng nhu (2) ma theo mot quy trinh nhu sau.

<\|/”|I;|\p”><< <\|/"|;{o|\p">:> A< (3)

e  Budc mdt. Dua toan tr Hamilton vé biéu dién dai sd
- d PP
H|x,— |- H(4,a",2)
dx

bang cach chuyén cac bien s6 dong luc qua cac toan tur sinh huy:

. o 1 d @ 1 d
\E[ ) 5["‘55] )

trong d6 @ la tham s0 thuc duong duge dua thém vao dé téi wu qué trinh tinh toan,
dugc goi 1a tham sé tu do. Hé thirc giao hodn gitra cac toan tu sinh huy

[a,a ]zl )

s€ la cong cu chinh trong tinh toan. Vi trudng hop dao dong tir phi didu hoa ta viét lai
toan tr Hamilton (2) nhu sau:

H= 120“)’ (2aa+1)+ 1;;)2 [az +(a* )2}+ 43;4 [2(&*&)2 +24%a +1}
+ﬁ7[a4 (@) +a(a) araaa +o(a) + 6&2]. ©)

*  Budc hai. Tach Hamiltonian & phuong trinh (6) thanh hai thanh phin:
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H(A+ A /{) H()M('w'\ /1 a))+V()M( &,/1,(0), (7)

trong do phan thir nhét HO”(‘+ 1,A,0) chichlta n=a"a, latoan tr trung hoa, nghia la
cac thanh phan cua né c6 dang tich cua sd toan tir sinh va sb toan tir hiy bing nhau.
Phan con lai ¥o¥(4".4,1,0) khong c6 chira cac thanh phan trung hoa. Véi truomg hop
dao dong tur phi diéu hoa ta co:

HoM = 1Z%(Z +1)+%[2(&*&)2+2&*é+1},
pou =%[a2 +(a+)2}+%{a4 w(a) vafa) araaa vo(a) +6a2}. (8)

Nhu vay, tuong tu nhu trong li thuyét nhiéu loan, trong phuong phap toan tu FK
toan tr Hamilton clng dugc tach thanh hai thanh phan thanh phan ‘chinh’

HOW( a,A,w) co nghlem chinh xac va thanh phan VoM(a*,a,4,0) dong vai trd

‘nhiéu loan . Tuy nhién, néu nhu trong li thuyét nhiéu loan viéc phén chia phan chinh
va phan nhiéu loan dua vao yéu té vat li, theo do phan nhiéu loan lién quan dén tuong
tac trudng ngoai, ¢ ddy viéc phan chia chi thun tay dva vao hinh thic cua cac so hang
trong Hamiltonian cho nén c6 tinh phd quat cho tit ca cac dang hé vat 1i khac nhau.

Ta thiy hé sb truong ngoai 4 ¢6 mat trong ca hai phan ctia Hamiltonian cho thay
tuong tac truomg ngoai dugc phan bé ca trong phan chinh 1an phan nhiéu loan. Ngoai ra
ta cd @, dugc goi la tham s6 tu do vi khong c6 mat trong todn tu Hamilton toan phan

H(4,6",2), nhung lai ¢c6 mit ca trong thanh phan chinh H(?M( *4,4,0) lan trong phan
nhiéu loan I}OM(&+ a,A,w) nén ta cod thé xem noé nhu la “diéu phéi vién’ Bang cach

Ay A

thay d6i @ ta cé thé 1am cho thanh phan oM (a*,a,A,o) thuc su nhd va co thé xem la
nhifu Joan khong phu thudc vao do 1dn trudong ngoai. N6i khac hon, bang cach chon

tham sb @ ta c6 thé dam bao didu kién 1i thuyét nhi€u loan ”V“ <ﬂH " trong toan mién

thay déi truomg ngoai.

e  Buéc ba. Tim nghiém gin ding bic zero cho bai toan, chinh la nghiém
riéng cua toan tir flg” (é*&,l,a)) . Toan tir nay giao hodn voi toan tr 7=a"a cho nén
¢6 nghiém riéng la:

A+n

) =|n(@)) = jn— 0(e)) ©)

O day ta da sir dung ky hiéu va khai ni¢ém Dirac dé dinh nghia, khi d6 nghiém dugc goi
14 vector trang thai va nghiém co ban 1a trang thai “chan khong” (vacuum) |O) dugc

x4c dinh bang cac phuong trinh:
d(w)[0) =0, (o[0)=1. (10)
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Khi can thiét ching ta co thé st dyung phuong trinh nay dé xac dinh dang tuong minh
cua ham soéng, tuy nhién chung ta ¢o thé tinh toan thuan tay dai sd bing céach sur dung

hé thirc giao hoan (5) va phuong trinh (10).
Ta dé dang thu dugc é*é|n>=n|n> va tor do c6 thé suy ra tri riéng cia

~

HO(&*U./LCU) |a ning lugng gan ding bac zero :

E,(,O)=li—w;(2n+l)+—3/1—2(2n2+2n+l)- (11)
4 4o

Ta thay nang lugng gan dung bac zero (11) phu thugc vao tham s6 tu do w Viée chon
gia tri nao cho tham s6 ndy dugc thdo luén trong cac cong trinh [1-7]. Cy thé cho gan

dung bac zero tham sb dugc tinh tir phuong trinh:

0
O (@) _ 0 (12)
ow
Chu y rang phuong trinh (12) khéng phai la tir nguyén li bién phan va no dugc sir
dung cho ca trang thai co ban lan trang thai kich thich. Y nghia cua (12) Xuat phat tu
mét diéu hlen nhién 13 ndng lugng chinh xac cua bai toan khong phu thugc vao viée
chon tham sb tu do. Miac du diéu kién (12) voi mot sé bai toan cho két qua gan ding
bac zero tuong d01 chinh xac, thém nira sai s6 khong thay d6i dang ké trong toan mién
thay d6i tham sd truomg ngoai, khi tinh nghiém s6 chinh xac voi gia tri @ tir diéu kién
nay khong cho chung ta toc do hoi tu cao nhat. Vi cac bai toan hé nguyén tir ma ching
toi dang nghién ciru, mién tham sé t01 uu cho su hoi ty vé nghiém chinh xac rat hep va
voi cac trang thai kich thi mién tdi wu cho tham sé tu do khong chua nghiém (12).
Trong phan tiép theo chung t5i sé thao luin va dua ra phuong trinh mdi, tong quat dé
tim tham sé tu do nay.

J Buéc bon. Tinh cac bd chinh bac cao dé thu dugc nghiém s6 chinh X4c.
Trong budc ndy, ta sir dung cac so dd thich hop dé tinh cdc bd chinh bac cao. Li thuyet

nhiéu loan c6 thé sir dung ¢ day vdi thanh phin nhidu loan Vo (4",4,4,0) dugc diéu

chinh théng qua tham so @ Tuy nhién, trong rat nhiéu bai toan (xem [6]) so dé vong
1ap to ra hiéu qua hon vé tdc do hoi tu dén nghi¢m chinh xdc va sy giam dang ké khoi
lugng tinh toan. Ta s& néu y tudng chinh cua so dd vong lap.

Ham séng chinh xac cla bai toan cé thé biéu dién qua chdng chép cac trang thii
(9) nhu sau:

w.)=[n)+>"C, k). (13)
k=0

kzn

Tuy nhién, ching ta chi ¢6 thé xac dinh cac hé sé C . theo tumg vong 1dp, vai ham séng
gan dung & vong 1ap thir (s) duge dinh nghia nhu sau:
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n+s

l//,,(s)>=‘n>+ z Ck(s)

k=max(0,n-s)
kxn

k) (14)

Pem (14) thé vao phuong trinh Schrodinger ta thu dugc hé phuong trinh sau:

n+s

Ef=Hye $c,
k=max(0.n-s)
k=n

(B -H)C =V, 0 S0 Cow, (j=0022nn+s). 1s)

k=max(0,n-s)
k=n
Trong cac cong thirc trén, ta ky hiéu cac yéu té ma tréan:
$2) | O
=(k|H" |k), V=]V k). (16)
~ Cac phan tir ma trén nay c6 thé tinh mot cach d& dang bang cac bién doi thudn dai
s6 nho cac cong thuc (5), (10). DE tién trong tinh todn ta dua ra hai cong thirc sau:
n>=x/n+1|n+1>; &|n>=\/;|n—1>, (17)
va tir ddy tinh dugc cac phan tir ma tran khac khong nhu sau:
31

1+ e?

H,, =———(2n+1)+ = (27 +2n+1),
-0 A
Vn,n+2 = W+w(2n+3) (n+2)(n+1),
A
et =+ ) (n+3)(n+2)(n+1) (1%

Con cac phan tir ma tran khac thu duge dua vao tinh déiximg v, =V,
3.  Su hdi tu ciia phuong phap toan tir FK
3.1. Nghi¢m chinh xdc bing so

Str dung cac budc ctia phuong phép toan tir FK cung cac.cong thirc cia cac yéutd
ma tran dua ra déi voi dao dong tir phi diéu hoa trong phan 2, vé& nguyén tic ching ta
c6 thé tim ning lugng va ham séng chinh xéac bang sé dén do chinh xéc bat ki. Ching
toi Xay dung chuong trinh QAO_FKOM_IT dé tinh ‘nghi¢m chinh xac dén 15 chir s6
sau diu phdy cho trudng hop hé s6 phi diéu hoa A bat ki, dugc kiém tra cho dén gia tri
A=100. Chuong trinh lam viéc cho trang thai kich thich 1én dén n=50. Trong bang 1
dua ra mot s gia tri minh hoa cho trang thai co ban {mg vdi cdc gid tri 4 nho, trung.
binh va 16n. Tuong ty, bang 2 minh hoa cho trudong hop trang thai kich thich n=4.
Trong cac truong horp trén, gia tri tham s6 tur do @ dugc chon theo diéu kién (12).

Mic du tham s6 tu do duoc chon chua phai ti wu, ta thiy nghiém thu dugc c6 tbc
d6 hoi ty rat cao khéng nhimg cho ning luorng ma ca ham song (trong bang ta chi dua
ra minh hoa vai hé s6 dau tién). Nhu vay, ta thiy phuong phap toan ti FK cho ta
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nghiém chinh xac bing sé v&i gid trj tham s& nhiéu loan bat ki. Chung t6i cling xdy
dung chuong trinh QAO_ FKOM_PT trong d6 thay vi so dd vong 1ap (15) su dung i
thuyét nhiéu loan dé tinh bd chinh nang luorng va ham song Tuy nhién, két qua (khdng
dua ra day) cho thay so do vong 13p cho két qua hdi ty ve nghlem chinh xac nhanh hon
va tai nguyén tinh toan cho mdi bac vong 1dp it hon so véi mdi bac nhiéu loan. Cha y I3
tir trudc dén nay, trong cac cong trinh 4p dung phuong phap toan tu FK thi so d6 vong
1&p dugc méic dinh su dung méc du chua cé tuyén bd nao vé su so sanh giira hai so db.
So dd vong lap (15) ching t6i dua ra cling khac voi so dd trong cac cong trinh trude
day [6] do dinh nghia vong lép khac nhau. Ching t6i sé thao ludn diéu nay trong cbng
trinh khac vé vai trd ctia so do vong 14p trong phuong phap toan tu FK.

3.2. Swphu thupc toc dp hi ty vao tham s6 tw do

Pé thu dugc cac két qua chi ra trong céac bang 1 va 2. tham s6 tw do @ dugc chon
bang phuong trinh (12) tuy nhién ta cling c6 thé chon bang cach thur nghiém sao cho
nghiém thu dugc theo timg vong 13p

E(w), EM (@), EP (w),..., E(0),... (19)

hoi tu nhanh nhat vé nghiém chinh xac. O day ta thdy rang vdi cac gia trj @ khéc nhau
thi chudi (19) s€ khac nhau nhung hdi tu vé cung mét gid tri khong phu thude vao gia
tri tham s6 da chon. Chinh vi vy quy trinh ndy cho ta nghiém chinh x4c bang sb. Bang
3 cho vi du minh hoa vé toc d6 hdi tu phu thudc vao tham so tu do.

Ta thdy rang gia trj tham s6 @ khéc nhau cho toc do hoi tu khac nhau. Mic du,
bang 3 chi dua ra cac sé liéu cho trang thai co ban, nhung ta c6 két qua tuong ty vai
cac trang thai kich thich va v6i mién thay déi 16n gia tri hé sb phi nhiéu loan A. Thu
nghiém véi céc @ khéc nhau ta thdy c6 mot mién gia tri ti uu cho toc d9 hoi tu nhanh
nhét. Trén hinh 1, biéu dién téc do hdi tu phu thude vao tham sé tu do Umg véi trudng
hop 4 nhd (a) va l6n (b). Truc hoanh 1a gia tri @ trong khi truc tung chi bac vong 13p
(s) khi nang lugng thu dugc chinh xéc dén 15 chir s6 sau dau phay. Glé tri (s) cang nho,
tde do hdi tu cang cao. Trén do thi cliing biéu dién sy phu thudc tdc do hoi Wy so 4o
nhiéu loan vao chon Iya tham s ty do luc nay (s) 12 bac bd chmh nhiéu loan dé co gia
tri nang lugng chinh xédc den 15 chir s6 sau dau phay. Ta thay rang c6 mot vung gia tri
cua tham s ty do s& cho téc d6 hoi tu cao, va rd rang S0 d6 vong 1ap c6 tdc do hoi
cao hon so d6 nhiéu loan. Hinh 2 cho su phu thudc tdc do hdi tu vao tham so tu do
khong nhimg cho trang thai co ban ma ca cho trang thai kich thich n=4.
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3.3. Diéu kién dé chon tham sé tu do 16i wu

Nhu vay, ta da biét duoc su tdn tai mién tham s tu do tdi uu. Viéc xac dinh mién
nay rat quan trong trong vi€c ap dung phuong phdp toan to FK giai phuong trinh
Schrodinger, dac biét la cho cac bai toan phirc tap nhur hé nguyén tur. Chung téi xuat
phét tir diéu kién Ii thuyét nhiéu loan:

|V_O'(_)L< . (20)
|Héw (a))“

véi dinh nghia nhu sau:
VOM((‘))H _ <(//|VO”V“"’ |W>|/: ”H(()N(a))H _ <W‘H(())M |U/>-

R0 rang day 1a mot diéu kién rit tu nhién. Tuy nhién, vn dé la lam sao dinh
nghia duoe [V (o), |5 ()| khi ching ta khong 6 nghiém chinh xéc. Trong Ii

thuyét nhiéu loan diéu kién nay cung chi mang tinh ude 1€ vi ta khong thé so sanh do
I6m hai toan tir ma chi ¢6 thé c6 dleu ki¢n (20) dang gan dang. Chinh vi vay ta sé dua
vao (20) dé dinh nghia mot ham s theo bién sé 1a tham sb tu do nhu sau:

<Wm (.)>
<W(.\')|HOOM ’W(.\)> ' (21)

Bing 3. Neng luomg E,” cho trang thdi co ban va hé s6 phi diéu héa A =1.0 thu dupc bing phiong
phdp todn nir FK theo so do vong Igp img voi cdc gid tri khdc nhau cuia tham s6 tw do. Cot ddu tién img véi
W lav bdt ki va nang lieong hoi tu khi =38, cot thir hai @ chon theo diéu kién (12) cho hoi tu o 5=20, cot 3
VGi @ chon 6 vu cho héi tu & s=13.

lr(),\l lr().\l

B (@)=

s w= 106893999980 (s=38) | = 2.00000000000 (s=20) | w= 466533999988 (s=13)
0 1.15749038965280 0.812500000000000 1.25438002723422
| 0.805293754387089 0.812500000000000 0.870523726412399
2 0.804091586712698 0.804506833140588 0.809810146292740
3 0.803776975428709 0.803794967592446 0.803980268993323
4 0.803772780786474 0.803794734802707 0.803771187489869
5 0.803770668823167 0.803775354597840 0.803770919927074
6 0.803770668799550 0.80377086349473 | 0.803770661047707
7 0.803770651982284 0.803770713706933 0.803770651501296
8 0.8037706513 14005 0.803770687027535 0.803770651277780
9 0.803770651257317 0.803770657313593 0.803770651234731
10 0.803770651234720 0.803770651554483 0.803770651234456
11 0.803772092439650 0.803770651363555 0.803770651234276
12 0.803771159346335 0.803770651314907 0.803770651234275
I3 0.803770777050719 0.803770651252256 0.803770651234274
14 0.803770672948468 0.803770651235764 0.803770651234274
Is 0.803770657502463 0.803770651234518 0.803770651234274
16 0.803770657303735 0.803770651234498 0.803770651234274
17 0.803770656143280 0.803770651234354 0.803770651234274
B 0.803770654043907 0.803770651234286 0.803770651234274
19 0.803770652437468 0.803770651234275 0.803770651234274
20 0.803770651623309 0.803770651234274 0.803770651234274
E" 0.803770651234274

103



Tap chi KHOA HOC DHSP TPHCM So 33 nam 2012

0 . — 60
" =0, » =001 ol
) leration Scherme
& 21
g
e 0t
8 s
(o]
d X
2
O 10t
104 1
a
(a (b)
505 1Lo 15 210 2‘5 30 0 bbbl bbb bt
) 0 1 2 3 4 5 8 7 B8 9 10
Free parameler o Free

Hinh 1. Téc dé hoi tu cua phicong phdp toan tu FK cho trang thai co ban (n = 0)
ing voi hé s6 phi diéu hoa (a) A =0.01 va (b) A=1.0; duong lién nét khi sir dung so do
vong ldap, duong ditt khuic khi sir dung so do i thuyét nhiéu loan

Order of convergence (s)

OTS 1?0 1A5 2?0
Free parameter o
~ Hinh 2 Toc dp héi tu cia bai todn khi giai bang phwong phdp todn tnr FK cho mjt
$O trang thai

Hinh 3 v& ham s6 (21) cho céc bac (s) khac nhau tir zero tang dan. Ta thdy ham
B(®) c6 mién cuc tiéu theo bién sé @ vai gia tri ham s6 nho hon 1:

fw)<1. (22)

O day, ta khong ky hiéu bac gin dung (s) trén ham sé B(@) 1a do quan sat thiy

dén mot bac gan ding (s, ) ndo d6 mién cuc tri ciia ham khong thay ddi dang ké. Ta

thdy, tuy theo bac kich thich cua trang thai (trén hinh ta chi minh hoa hai truémg hop

n=0 va n=4) va tuy theo h¢ s6 A 16n hay nho ma s_, c6 cac gia tri khac nhau

nl’umg khong qua gi tri s_ <4 . Nhu vay nhiéu nhat 1a ta sir dung dén vong l1ap thir 4

dé c6 duge ham so sanh B(@) va sau d6 s& tim mién cuc tri cia nd thoa man didu kién (22).
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Hinh 3. Ham [(®) tmg véi bon bdc dau tién cho trieong hop trang thdi co ban
(n=0) va trang thai kich thich (n=4)
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Hinh 4. So sdnh ving thir nghiém t6i wu va ving gid tri nhé cia ham f(@) cho
trang thai co ban n=0 va trang thdi kich thich n=4

(b)

Order of convergence (s)
~

Trong hinh 4, trén mbi do thi biéu dién déng thoi ham sé B(w) va ham sé s(w)
thu dugc tir thir nghiém, thé hién sy phu thude téc do hoi tu vao tham sé @ Ta chon
thang trén tryc tung phu hop cho hai ham s6 sao cho ¢6 thé so sanh mién cuc tri cia nod.
Ket qua thu dugc nhu trén hinh cho thdy mién tham s6 @ t6i wu pht hop véi mién cuc
tiéu ctia ham ,B(a)) theo diéu klen (22). Két qua nay rat tha vi va c6 ¥ nghia thuc tién

cho ta diéu kién dé chon tham s6 tu do t6i uu thay vi mo mam thu nghiém. Chung t6i
dua ra hai trudng hop cho trang thai co ban (n = 0) va trang thai kich thich n= 4 cho
thdy diéu kién tim tham s6 tu do t6i uu (22) mang tinh pho quat.

4, Két luan

Nhu vay, trong bai b4o nay trudc tién chung toi nhéc lai mot cach tong quan
phuong phap toan tir FK giai phuong trinh Schrodinger va qua vi du minh hoa vé dao
dong ta phi dleu hoa ching t6i chi ra thé manh cua né so véi phuong phép li thuyét
nhiéu loan truyen thdng. C6 thé néi phuong phép toan tir FK _mang trong né tu tudng li
thuyet nhiéu loan nhung dung dé giai cac bai toan phi nhidu loan. O day, chung toi
nhdn manh dén thé manh cia phuong phép FK khi tim nghiém chinh xac bang 6 va
chi ra sy phu thude tée d6 hoi tu vao tham sb tur do. Viéc chon tham s6 tu do vi vay rét
¢ y nghia, cho phép chung ta tiét kiém rat nhiéu tai nguyén tinh toan. Piéu nay la thuc
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sirquan trong licn quan dén tiét kiém tai nguyén tinh toan khi chung toi su dung
phuong phap I'K cho cac nghién cru trong céac bai toan nguyén tir va nhu mot phan cua
bo chuong trinh gial s6 phuong trinh Schrédinger phu thuge thoi gian cho bai toan
nguyén tu, phan tu trong truomg di¢n cua chum laser xung cyc ngén Tiép theo  chung
t0i chi ra su ton tai mién tham sé tu do tdi uu cho toc dé hoi tu cao vé nghiém so chinh
xdc. Két qua chinh cua bai bao la viéc duara diéu kién pho quat dé chon tham 56 tu do
toi . Tuy két qua phén tich sb dua trén bai toan cu thé 1a dao dong tu phi diéu hoa
nhung diéu kién dua ra dua trén nguyén tic rat phd quat la chon tham s6 tur do sao cho
doéng gop cua ‘phan nhiéu loan” nho hon nhiéu so voi phan chinh cua Hamiltonian.
Chinh vi vdy. chiing toi hy vong no s¢ lam viec tdt cho cac bai toan hé nguyén tr trong
cac nghién ctru tiép theo.

Ghi chi: Cong trinh nayv thudc dé tai khoa hoc va cong nghé Cap co s6 mad s6
(820111951 cua tac gia Hoang D6 Ngoc Tram va ciing nam trong Dé tai dugce tai trg
ciia Qui* phat trién khoa hoc va céng nghé quéc gia (NAFOSTED) 201 1.
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