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VA UNG DUNG CHO HE LUQGNG T
TRONG MIEN NANG LUGNG LIEN TUC

NGUYEN NGOCTY, LE VAN HOANG™

1. Me dan

Khi gt phiong azﬂuz Schrodinger cho dao dong \ g 1a 0o
nghiém toan heo tong qual, b idu dién qua farn stdu b suy bign, Ton pinam 4ui
hoo ndv ohiing ta chon ra ham song VAt Iy thda mln diéu kidn Wit han va o6 pid
i bing khéng & v0 cing. Két qui thu duge 13 ham sdng ok m“rf:;; da thir
Hermite 9ng voi e miie ndng loong gian doan:
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K8t gud ndy o the nhin thay mdl cach wyc quan qua 46 th (hink |} sau.

Hinh 1. 86 thi thé nan o cua dao ding i dits hoa _
Tir hinh 1 ta thay day a :i?h,a bai roan chuvén ddng wong hd 8 shn vo
han. V& rong o thé mdy chi o6 thé of ning kong gian doan va dé ed ‘ii CTRET

& vitrl vd cling ning hugng Che bé ¢ ér 16m v han, 130 40 ham mng & vE cling 06
SRR ?mm,& zoro, 38y 2 édl qui ta ¢ the tim thay wong bAl k ¥ cubn séch gido
khoa tao vé co hoe Jugng 115 {11 Ching 1a ciing 48 jaﬁ? cen thiy 194 pial dai sé
it i bigt che B fodn ziavx. dbng tix didu non, duge Dirse dua ra hing qua khal
pitm toan 6y sinh va todn tr hiy 7, 4. Céo todn i nay duge dinh nphia qua ga
G4 va xumg huong nhy sauw
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Yap chi BHOA HOU BREER TP HCM Neuvéa Ngo
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va thin medin bé thite giao boan:
g, 4% = 1 {3}
Toan tr Hamillon cta dao 46ng Ly didu hbda gua bidu dicn 6dn 11 (2) ob dang:
I s ?if'ss.,ﬂ a+1. {43

.K.

2

Pl d8y o the x ‘”3 Jmﬁ i;ma 300g ;41“ *:E.,:J m;su_ twr didy hog thong qus su tic
dung cus oan w s g
rinh

1 nghia bat phuong

i nghia chan kKhdog (5] ta

Thit vy, chi ¢dn s dyog tink chét ziao hean {3y va d
it dang thy duoc véoto ham sdng cda dao dong o dies hds dudl dang saus

fng vai ndng lugng gidn dogn &, shu cdag thare (1)
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Cach gial dai sé ney rét hza}", che ra nghifm dai 68 (63 rir thugn tien mng
tinh {ofn. iuy nhién k& qua nay cling lam cho ngrét doc iai\, mac it
nghigm (6) ching ia 1{.13031' 51t dung die kign vat i¥ dé& giti hao him mmg
khi gial bang phuong phép ;,m: e ishp phivong inh vi phds dao ham néng.
Véolg rang zh i3] ?() khi dua ve toa do binn thuong & im.n g vOl nghidm chia da
thire Herruge, the thi aghicm tean hoo iong guit dau 784 a.:;}'ta iﬁzim c“‘lifin todn Ty
sinh hiy? Chu hét ndy cin duoc trd 16 & phuong 'ph"-i;{: i 3
cac hal todn khac, khi ma nghiém v&t ¥ chua duee nghién anu ky nh
todn dao ddng didu hda.

¥ dung cho
Taz vl bl
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Trong cOng irinh nay, vige gidl phuong tigh Schetdinger cho dao d&og 16

5

dida hoa bing phuong pridp xj 1 80 nhw oén duge xom xét mdt cach chit ohe, T

-+

do xay dung nghiém ton ng quit cia bal todn c6 chia nehidm val b {6}, Kri qui

ndy duge phat ineén cho viée gldl bai loan hal chuvén ding rong trudng 8 ning
w6 dang:
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Tap chi E\H{}z’i HOC DHSP TP HOM 58§ nitm 2005

o

T day v& sau ta gol thé rang (T3 14 thé “ngupe” {xem hitth 2). Dua vao hink 2 2
thiy rang day 1 bai todo tan xg va bt ohi 20 ﬂ‘!fz" b ning lwong trong mién lidn
tye. Viee xdy dng ham sdnp dudi i ng dgi 56 thong qua tdc dung cla toan W
sinh lén trang thai chin khdng & o6y nghiar 5 quan trong trong Hnh icdn cu (e,
Mt wong cac img dung ot di qui tetn o wdy dyng harn s6ng nguyén W hydrd
dwol dang dai s khong nhimg trong micn nang hrong gidn dogn ma con trong
midn lén tue.

9]

Bix) e - it

inh 2, 94 thi thé ning “ngugee”

Nhir vao phép bidn @61 Kustaanbeimo-Stiefel 12} quan b¢ gilta dao dong 1o
didu hoa véi nguyén 10 hydrd duoe nphién cfu khi ky lrong mién ning lugng
gian doan {2-6]. Nhd bl quan B¢ iy mi phirong phap dai 56 df duoc x8y dung
cho vige tinh toan phue tap ahidn dat fwong nguysa & [7-11]. Trong cong trinh
aay mSi lidn hé gilta mign nang Leong Hén e ctia nguyén th hydro (bal todn tn
xa trén tam Coulomb) vii bai toan ? yen déng hat trong thé “nguge” duge

56 cho ham song nguyén o hydro frong

nghién ciu. Tu day xay dung dang da
mién nang hrong 1dn e,

(nm day bat todn 166 hda nguysn iy hydro va cac ien dbng dang hydro hap
thu nhiéu photon vht duoc guan Am [14- je Su phit trién nghicn clu trong fah
vire nay 1iEn quan ¢ dén cac thank W mdét tron ;; ky thudt a0 aguin anh sdng két
hop trong ving tia ¥, nhiy lazer trén dén e vy do. Tién dodn ve quan sat cae qua
irinh hép thy hai hay nhifu photo i doz v fi ¢ nguyén 1 ning <o thé tro thach
hién ihye wong m&{ wong lat réi gan {15-16]. Theo quan diém cia lac gia,
phuong phap dai sb xdy dung & diy s€ duge dng dung frong cac tinh 1ean phm,
tap cho ¢ac qué frinh lifn quan, kbi frang thai cudl clng coa nguyén (G nam o
mién nang feong lién tuc. Ban thin ham sdng cba nguytn 1 hydro trong midn
lién tye 48 duge xAy dyng qua bicu didn 1oa 46 (xem [17]), ngoai ra nG con dige
nghién ciu qua phép bitn dbi toa 48 KS trong cac cdng trinh coa Barut A, 0.
[18], Kibler M. et al {19], duoe nghién cira tinh ¢h 4t dbi xtng bang phuong phap

T4



Tap chi KHOA BOO BHBP TP IO Npuyde Ngpe Ty - Lé Van Hodang

[y thuyét nhém trong ciae obng trinh cda Kleinert 1, 207 Tuy nhién bidu difn dai

5O way dung & day cho phép dua cac tink {odn aia“* cac tich phAn cfia him dic
bigt vé cic phép bidn dbi dai 56 don gian cha cde todn (T sink | iy Dheae vi cho
phép st dung cde chuong uinh tinh toan 4én ei tromg nhu chirong orinh
Mathemalica [211
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2. Bign ludn cho nghidm éﬁ&},é 8 ctia bat toaa dae ddng 1 dibu hog

tim har séng cta dao dong wr diéu hoa gua bify

didn dal 28 bing teén i sinh E’é vy Dirae, trong nhifng thi i8u hién o6, khéng thiy

su dung toh chit vt Iy cia him sdng dé ioat b nhitng nghiém tedn hoo nhu khi

zial hang phaong phip ghai ek, Uhun g ta 8 ¢hi ra cac nghidm con bl 0t va dua
ra ¢he cor 8¢ bidn ludn 8¢ loal b6 cde nghidm nay.

N’hzr {ri?h bay & tréy, khi

N

Co s& {hiy nhiit: Cach dinh nghia trang thal chén khdng nhu phuong trich
(5) khéng phai la duy ahat. That vy, néu chu thay vi (3) ta dink nghia trang thal
chén khing biag shuong minh saw;

PO IR o
& =0 (8}

thi ban thén frang thai chian khéng nay cling nhu t47 ¢ céc rrang thal nhu sau

TN (9)

déu {4 nghiém riéng cioa Hamiltonian (4) &ng v6i gid trf ridng:
- l 3 . S
£, = holatl). {10
A

Pura vao d6 thi thé ndng (hinh 1) ta thiy ndng lueng cla dao ding wx didu hoa
khéng thé o gid trl Am va 12 ¢b thé loai bd nghibm ndy. Hole o6 thé Iy ludn nhu
sau: néu dang toa 40 tudng mink cla trang ihdi chan khdng (5) 1

L
\) - — .I'I4 HJ{" P "~y
i Y= (11
thi trang ihé: chan khéng (8) khi dua vE toa 49 oo dang nhur sau:
sy
AL I P Y
‘{}-‘} - { -?h ‘i }

R& rang ham irang thil trong trirdmg %écfp pay khing théa man 4idu kign hitu han
khi x - o0 hay ndi khac hon ta & the teal bd ching,

Co ¢ thir hai: Khi 83 xdc dinh trang thai chie khone bin g plarong irinh
LT

(3) thi nghifm (6) ciing khdng phal ¥ duy shit. Ta hiy cho wan 1w sinh 4° tac
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Typ obi KE0A RGO DISP TEHOM ) 55 8 ndm 2008

dung ¥n trang il chin khimz v Bn vél ¥ kixdng phai 12 561 nguvén iz s€ shin
duge trang tha saw

b = ey (13
(3 g4y trong bien thite (13), Wy thia mdt todn b v v oof mil kg 1 86 npuyén

Hinh 3. faedng cong lay tich phdn.

T

2 o6 thé elurmg minh duoc {13) I hion rigng cia Familionian (4} vng

Ta hoan 1o

n-.

1fna

v& g Tiéng & = - he(2p +1y . Nieg vdy 8By cilag 152 mét nghiém tedn hoo oia bat

1odn dao dong t didn hoa. Wy chuyén (14) vé dang wa 40 tr 58 thiy nd ta bam
sidu b suy tzf‘;r?», thoa mén phuong inh Schrlxdinger cho dao déng oy dicu hda.
Tuy nhitn né chi oo the hitu han & ¥ clng khiv la s6 nguyén khong am.Trong
trudmg hop ndy, 1‘1gs:=.zﬁm duge tim thiy tgi rang thai v Khong thoa min didu kién
oidn doan oig midr ning Ligng, ﬁg'i‘;é’a 14 no khéng phai la zs&ﬁ“ séng g vol
grang thai vir by cha }*é Mo di viy, a6 lat m& ra mdt hudne mol s dung
phuong phip dai sb che cAc bat todn trong 46 hé o niag im‘ g trong miga lién

EY3

tuc.
3. i gial dal s0 cho bil todn of ning beyag ligén fue
Ta xél chuyén di‘)rg oz hai wong wabng the ping “nguge” o6 dang (71 bay
ia bai toan ma ning iy g cha b d ﬁ gif (v trong N 1i8n Hdg tue {xem hinh 2 ‘}
oap i Hamnitton cho bai {od nay o dang:
rE 42
" £ i i = P
H oo o RS } (15
' 2moaxt 2
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Tap chi KHOA HOD BUSP TP.ECM 88 & ndm 9065

.—-v—-— I . . - ( -
‘7'\;(0;?; ; a3 il g k_i_ j Z\I‘é}ﬂf} ~. !
Rl @y = | ——— expy ~ i@y rexpiin——rd’ (G
w‘.{ @Gy 0 2%\(&? 4} ! | @t ey ‘E
o0 L, -
x e}{pJ;I e — @)y {20
L Lwra) |
St dung bidu difn tich phin (14) va phép bién doi {20} vao hér’; sc’mg (18}, sau
46 biéu difa y qua gis i ning luong cta hat ta thu duge ham song trang théi he
Gng voi ning luong lién fwe £ nig sain
wif ifE_ fr‘,i'(&}—?!}_ﬂ \I g 1 f i ;f! E ) 7 P \.I
V= (U} = | -d!——?:::x_pi—;: —lnt et -2 (wl iy
2ai VI AN A 'y

EHp Y NI (w)} "‘rw}) 20

Khi ¢an, ham song dang {pa 4§ ¢ thé thy diroe bang cach thay vao (21) biduy thite
toa do cha trang thai chin khbng va toan try sink nhur dinh nghia {23-(5).

4, Lign hé gifva nguyén i hydrs voi chu in déng trong trudn thé “nEwge”
; 2 SO

Ninr 48 néi frong phan md dau, mdi lién he gitra nguyén tlr hydro voi dao
Cding wr diéu hoa 43 duge nghién cla trong it nhiéu cong winh [3-6]. Trong chc
odng irma; nay chi xét cac, trang thal nguyén tr hydrd ing v néng logng izam
trong micn gidn doan vé 44 chimg nunk rang cAg trang g thal nay qua phép bién ¢bi
khong gian Kustasnheimo-Suefel [2] s& dan éw cac ham song cia dao dong
didu hoa. Chinh nhé vAy ma phuong phap da 50 sir dung bicu difn qua cdc todn
tu sinh hity Dirac da duge xdy dung [7-8] vé& Img dung thanh ¢ong trong nhidu

i toan tinh todn hé nguyen & [L} {11 Cac trang tha muyen t hydro Gng v
mire ning hrong lién tuc ¢0 thé sby dymg duge dudi dang dai 56 nhu cac rang
thii gian doan duoc khing? Tmrﬂ muc nay oha hat bao, fruée tién (a5 xdy dung
méi 1 o he giua u_c irang thii gidn doan véi cde trang (hél clia chuyén amg
irong ihé “nguge”. Sau 46, dya vao két qud cha mus 3 ta 5€ x4y dyung dang dai s6
cho cac trgng thal gian doan nay cla ng guyén i hydro.

Hét n’fzuang trinh Schradinger cho nguyén i hydro va cac ion ddng dang
vifttrong hé donvinguydnll (h=m=c=¢= iy

D T A X
oL L () = B P (223

R TR i : . 4
]\ L 2 ..ﬁlq o

O day v vé sau vige lp lai chi 53 ¢ nghia 14 ldy tong theo todn micn chi s& do.
Whur dd bidt {27, gua ohep bién d{}i khong gian Kustaanheimo-Siiefel:

8



Tap chi KHOA HOC DHEP TT.EOM Neuvén J."Jgs;m. To - L2 Vin Hodng

b, =8 er ) &

g (23)

g = arp (UL
Vol o {A=1L12

(24)

?Lﬂmf trinh (24) dirge vidt frong kh wng glan phive hat chidy £ (y=12)vavi vy
xudl hign ﬁwm mét bic tr do. DE cho (24) v (22) hoan toin fyong duong o 4o
b1 ham 30ng trong kKhing gtan phte { thoa miin dida kido:

(=0, (23)
VOT (= &, = Phep nhan vO bucng hal hdm song rong Khdng gian

- _}.

phire [ oling cdn dugc dinh o ghn qua biéu thice:

A R 4

s . E a5
A AT Iy L4 o S r;df i 2 g F B R s A
({5 (d))= | déy Jdey 1 dg, 1dds ¢ (Swis) {£0)
—) el —£I T ”
vt &= Red & Gz ve kKibng gian thuc {a o6
2N

P

va iir diy suy ra ditu kifn (23} 13 hign nkiln va ¢6 nghia 14 ham sdng vat by
chiing ta xet khong the phy thude vao toa do thite ¢ {(xem thém [227).

K&t ruong hop trang thad nguyeén 1Y hydro ¢ mida nang lugng gidgn dogn, nghia
fa nang lrong oo @id il A 12 8 &= - —w’. Lic nay (24) chinh & ehuong tinh

Schrfdinger cho dao dong &y didu hoa trong khong glan hai cheéu phire { vt

’
e faed

?
adng wrong la L va Hamitionian

;...-

Bifu ndy <& nghia ia t cde ham sdng ofta dao ddng 4y didu hoa trong khdng gian

phire hat chidu ta ¢6 the chon ra him sdng ofia nguyén & hydro va cac ion dong
dang bﬁng didu kidn 25),

Trong triedng hop ndng twong nguyén 1y hydes nan trong mién én tue, nghia 14

- [ ot reman g A . N o
ning lugng ducng, tacd E= T Phuong trink (24) khong con md 43 dao ddng

1t didy hoa ma ma 12 chuyén dong trong irudn g thé “nguoc” voi Hamiltonian:

79



Tap chi KHOA GO BHSPE TP.HOM 58 8 ndn 2005

S
PN Jr‘ R

nhu viy ta €0 zi & }éz fuan: qua hidn 461 Kous umz“uqnm-\twi =1, hém séng cua

irang thai lidn két ofis nguydn 1 hydro chuyén vé ham sdng oha dao ding tu di_‘,u
hda trong khi ham sdng cua E‘“'fmg é s fia:s ihi ghuysr v& ham song cha chuyen
Adng trong trudng the “aguoe”. ML i lién hé nay ob thé minh boa qua hiah 4,

< R
N o
PRV S
N
.._,_.._m\:_ I ’?_t._. ______ ? o
Hinh 4.
5. Loi gial dal 58 thing gua bi du difn toan tiv sinh hay
Trong trudng hop ning higng & mién gian dogn, cde toan 17 sink hiy SUgo
dinh nehin o S8l
...... ) .
lw{, 1 83
1wy =y . a (o= IR
b Ny L3 @wog, )
‘» G ol . 10
. i g e Pl s o e
By o] 5 e I O B e | (28)
R Af e ; - i 7 Fi F "‘\[ ), y - 1 A
TL g8y oL /J A ar O, _‘)
thia min che tinh chit ’71 40 hf}:m dhc rung:

b Emg B 5t

1.0c nay Hamiltonian 4;:3‘:(:: dae ﬁ(}ng vy didy hoa trong khdng glan { cb dang:

Voon
| .8, .
PRt TS

{ons s ~ i IR f%‘ 3 B
a-:sg g (o v Bl {adb (w)+ 2 B (34
v ham riéng cue od 48 dang tio duoc nbar sau

-

Gy B A (B 10(@)) (30

; trang thai chiin khdmg dupe dinh nghia bang cée phuong frink
2, { e a(‘gwn-w &, zus‘m\f}‘n = h ?'_\}_‘_;;{;E;az}}} = h. 'f,‘a!(} fj)‘- (3

(3 da

X,
7

Lo
A
et

&



Tap chi KHOA HOC DUSPE TP.IICM Nguyén Ngpe Ty - L2 Van Hoang

va diéu kién chuan héa (0(w)|0(w))=1. Todn t O qua bibu din (28){29) ¢6
dang:
Q=b'b —d'd, .
Tir dang cva todn tir @ va tir didu kign (25) d€ dang (hdy ring dé cho (31) bidu
dién irang thai clta nguyén t& hydro ta cdn thda min didy kién:

nota =8, {33}

Bt s =n, + 5, ta tim dugc @] riéng cGa Hamiltonian (30}
Zw-mrj(n1+nz+f13+n4+2) w{n+1).

x

1t Gay suy ra

chinh 1a néng luong nguyén t hvdro va céac ion ddng dang Gng véi s6 luong ok
chinb 1a n+1. Ta co the viét lai hdm séng (31) nhur sau:
H 1 e, t—Fi EIRN T ; S5 A
!n 2} . ll[ : ____{{‘+ # /}\T)‘?r( l—)! Ul (n "y 5 |{.}(a}n )> 5\3‘3;-}
1 - n))i(n—n,)!

. Z , s L 4 ae .
VOl o, = m-], cacchisdedgiatri n=0,1,2,.. ,n,n =0,1,2,.,n. Diy chinh {3
: o+ -

bitu difn dai sé cho ham séng hydro thong qua cac todn tir sinh huy. Két qua nay
voi trinh bay khdc ¢o thé tim thdy trong cdc cong trinh cia Barut A, Kieinert H
[4-6, 20], Komarov ef al [7]. O day tic gia trinh bay theo cdch don gian nhat dé
cod the x4y dung ham séng dudi dang tdng quat hon va ¢6 thd phat wién cho
trudmg hop nang lugng Hén tue, That viy, tir cde vecto trang thai (34) ta ¢d thé
xfy dyng céc bd dG ham sdng nguyén tir hydro cho cde tink todn cu thé khéc
nhau, Vi dy ta c6 thé xay dung bo ham song (myg véi gid tri cho trirde clia mormen
gu¥ dao va hinh chiéu cia néd trén truc z, nghia 1a tng voi céc 85 luwong th n,i,m.
Ta @51 hot ham song thda méan cac phuong trinh sau:

L =my, (35)

P =i+, | (36)
Toén ti hinh chiéu momen quy dgo khi chuyén vé bidy didn toan ur qua bién ddi
KS {23) va {(28) ¢ dang sau:

-1—(51, a,—aya, —D v1+b2b Y, (37N

va twong tw nhu vay toan 6 binb phuong momen qu¥ dao 1a

i?=

>

-

S SO b LN Lo Asfeaq
A= 4(2a+b L H2NGTG BTy -arblah,

—

AT,
ad

' 8)

g1



Tap chi KHOA HOC DHESP TP.HCM B& 6 ndm 2005

Thé (34) vao phuong winh (35), sir dung todn 3 (37} ta suy ra
= 1. (39)
Dem (39) thé vao vecto trang lhdl (34} ta tha duge ham song hydio dng vm cho
{rade sO lwong ti chich r+1 va s fung th 61 m rwr sau:
1

In m.k —-((fb f’(’l'b:)”"'*”“’ AR 0w, 40 3
> \/rn kyln—m— kY E Wk + myt y (@h) ‘ kf”'> ' )

cho tradng hop m20. Con trong trudng hop m <0 ta cd

1 Ad Tk a-kvin =0 | 5 A N {44
S i)t m— kot k- m)! @ihy (6 bj) (4 b ot ﬁ 0

in: m,k) =

Chc chi s& trong vecto trang thél (40) oo cic gid i sau: a=0.1, 2., ?ml <
={,1,2,.., «-irm Céac vécto trang thai (40) khi ¢hi s4 k thay ddi tao thanh bd

dit va vi vy ¢6 thé st dung dé nh wan cho cic h§ nguyén i khi ma thanh pnan
nhiu loan pha v& bio toan mdmen quy deo nhung van con bao toan hinh chidu
momen quy dao 1én truc z. Vi dy nho bai todn nguytn iz hydro trong tudng
hoic trirdmg dién.

Bay pild {a co thé xay dung ham song g théa mén p’fiuunb trinh (36), nghia 1a
{mg véi gid tri cho trude cia s lugng (0 momen quy dao {<n, nhu sau

ek

L my=N,, Z Colmm, k). (41}

O day N, 1a hé 36 chuén héa, ¢, 13 cdc he s& cAn tim. Thé (41) vao phuong
trinh (36) va su dung bidu dun (58} cho todn tir binh phuong momen quy dao ;
sau d6 chi cdn s dung cée bidn doi dai 6 dira vao hé thic glao hodn (29) va
dinh nghia chin khdng (32) ta dé dang thu dirge

T
lnlm) = | (21 + 1)

\{n=Din+1+1)!

P T - X v ; ~
(a’BY D, 10(a, )}, {423
voi ky higu

nd +l”ﬂb a5 e bl (B @ byt Rt .
O + G X } ,43
. s w Zk'” | - f()‘(kwn\)‘fl—k}f‘ @) (43)

\m\ I+ 1"”1 +1)

‘m i

!H. v Al | . N . "
Trong {43) thia 36 (a] v chi daph cho trodng hop m 2§, con trong frudng hop
m <0 ta can thay nd bing thira sb (45 1", ngodi ra ban thin {43) cling 1a vecto
trang thai dd chudn hoa, '

Niw vy ta 43 xay dung duge bifu difn dai s6 cho ham séng hiydro ng vai
trang thai duge xdc dinh b1 ba 6 lugng oy ad,m. Cach biéu difn ndy rat ihuan

fién cho cac tinh todn hé nguyén . MO diém dang chi ¥ khi tinh todn céc yéu to
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A

ma tr@n 14 cic trang héi img voi chi sb birgng Wy chinh », »' khac nhay s& 6 cde
tAn 56 go¢ w, @' khae nhau. Kho khin nay d@ dang varot qua nhd phép bién ddi:

By VR C
Rt{;): ((}) I {}“ f}}\.‘j} = I O{{-“}});" 3

o ) a (o) e o) =a (o) (44)
(va trong tw nhw vy cho cae todn i khac 47, b by voi lodn
s, oo e 1 e
Rl oy =expy—in— (G {wb (w1~ a {w3h {w))} (43)
LZ a . : : : J
¢o the dua vé dang chudn nhu sau:
¢ e ¥
. e RO B
Rl w) = pea2N - 657 (0] {a))l
(@ 4a') L Ji
!’ 4 .f'“___;_ \l r H
L AN@E ey e | o-a -
xexp In——(& {@)z {a)+ b’ {a};b__(m_)};cxpef e {m)b_-s\w}l .
a8 3 3 ¥ j Lowtaw ¥ ¥ f

Bién dic¢n dai s0 ham séng hvdrs & midn nang huong lién tuc

Ta & xdy dung dang dai b cho ham séng nguyen i hydro va cdc ion déng dang
tng véi frang thal ¢6 ning lugng £>0 va ¢4 momen qu¥ dao cung hiuh chiéu
1en true 2 vrng voi 8O looag 0 1w Sir dung ket qua & muc 3 va Iy fudn nhir 33
lam voi trang thii gidn doan ta ¢d dugc ham song:

v | (20 + 1)} e e A o
IE?;’ME:J\E PR (a] (fw)b! (iw)y D, 10w} . {46)
{ Iy i+ DTy +{+ 3
O day ham edng (46) hean toan wong ty ol (42), ty nhién thay vao vi irf caa
s& luong t chinh » 13 $6 phitic . Vi vy hdm miy sb phive ndy phéi hidu nha
dinh nghiz dang tich phan (14} vi trong hé 8 chudn hoa thay vao giai thira 1a
ham Gamma twong Ung. Ngoai ra trong dinh nghia trang thai chan khong cling
nhu dinh nghfa cdc todn tii sinh hiy ta thay tham s8 @ bi ng tham s6 phirc o' =io
v
= -\:E E .
ThéE bam séng (46) vae phuong tinh Schradinger cho chuyén déng irong thé
“nguoc” ta tim tri riéng oia Hamiltonian A, 1
- 7 =ioly +1).
iZ

Tirdayvsuyra y=-—Zio].

7
CWJ2E _
Bay gi& sir dung phép bida d5i Riiw, o) dé chuyen (46} ve dang, trong d6 trang

thai chin khéng ching nhy cic todn i sink tuty duge dinh nghia voi tén s6 gée o
la §0 thue, ta oo
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I

(2{+1)!

‘\Jr(, — I+ Dy +1+2)
St dung dang chudn ciia Rliw,w)va dang tich phén (14) cua (&_j{}u)?}} (@)Y, sau
céc phép bién doi dai sf} fa thu dugc:

] b;‘m_} = (ia;, wila ( s}})f;: (@™ D, |f)uﬁ)>

} /
(20 + )i L } N
~ 1 \[’1 iy iz it
£ "‘:-— I { S i
| Elmy 2 ' o2 (ja‘;\H } Fex Uz,;.n +::~r ! fa”‘(j{w}){*ﬁl?)

Déay chinh 1a dang da: 56 le xdy dung cho ham song Hydro trong mién ning
lugng lien tuc. Khi chuyén v& dang toa do qua ¢ac bifn doi (28) réi (23) ta thu
duoe két qua da bidt [171.

6. Két lndn

Dang toa d§ cda ham sdéng nguyén tir hydro cho mién ning hwong 1én tuc
¢é thé tim thdy ddy di trong cudn sach kinh dién ciia Hans Bethe and Edwin
Salpeter [17], ngoai ra tinh chat dbi ximg cia né duge xét rat ky bdng cong cu Iy
thuyet nhém trong cdc cong trinh cia A. Barut, Kieinert |5-6, 20} va pan day rhis
trong cac cong trinh lién quan &én trang thai két hop (coherent) cia nguyén tr
hydro [23]. Dang dai sd (47) nhu da dua ra trong cong trinh nay véi muc dich st
dung trong tinh toan cu thé mot cach hidu qua. Pac biét la v6i chuong trinh tinh
to4n trén bicu thirc Mathematica [21] ¢0 sin cong cu aé tinh todn dai sb vi cac
toan 1t sinh hiy. Vi véy viéc sty dung phurong phap dai $6 v6i cac him song biéu
dién qua bidu thirc (47) cfing nhu (42)-(43) cho phép chting ta tu dong hoa cac
qué trinh tinh toan phuc tap. Thue chat la dua cac tinh toan tich phin cua cac
ham diic biét vé cac bién d6i don i‘man dai 38, Trong cde bai todn ion héa nguyén
t&r hip thy hai hay nhide photon 58 lwgng tinh toan khong 16 18n dén hang ngan
tich phén [12-14] thi viéc st dung c4c tinh dat so véi su ho trg cia Mathematica
lai cang ¢d ¥ nghia thue tién. Cha v 1a dang dai s6 clia ham séng (42)-(43) trong
mién gian doan d& duoc st dung thanh cong trong mot logt cac tinh toan phyre tap
[9-10]. Ham Green cho bii toan Coulomb ciing da duoe xfy dung trong bidu dign

dai 50 nay {11}, vi v@y viéc sur dung né két hap v6i cac phuong phép tinh todn
giai tich 1am m& rong ddng ké mién mg dung ciia phuong phap.
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Phy luc Al Dang chudn cda toan tir R = e}\p{; fn ~~[ cz”{u})— az{u))j}
I
a2 27 oy A A - - B, iy
Vi [a ,af“j = —2{a a +1) nén ¢d thé dat R dudi dang nhu sau:
n Sattiey — &2 ; Fi2 VitA  sidd s N
fo (@) — a=(@}} _ f(r) eg(r)(z e}?(f,ﬂ a es(f)a =Fiy (1)
Trong 46t = minff;
a
Pac ham (1) theo bién 85 ‘¢ ta duge:
[ w) - I = gWa?F + fOF
) 2(NE?2 .4 WOGTE s(1)d2
+ h’{t)ef{f) LLWats 4 HOara sitia

- $(1) e_f{i} Bg(z‘}éff?eh\_f)a‘*’& 52 es(r)ﬁﬁ 2)
Whén hai vé ciia (2) véi 7
Fi_ oS (£)a2 —-h(!;”‘“ —g(nat? e-—f(z‘)

Sau khi dcrn giin céc s6 hang ta con lai;

oy - ) = 1) + g’ (na+?
N ey P U 3)

+ 50 eg{z)ﬁ'*"z Bfi{f)&+é 52 e-—}z([}a+a e——g(z’)a"rz
Vai thanh phén thir nhat, ta tich dage

LNET Gy 08 a%a ~2a" g(0) (4)

/
Véi thanh ph?m thiy hai, ta dat
;- &WatE nEte 2 hndta e-—g(;}d"""z

Vi 1 = izfz)a* a .2 euh(z)&'% Y LG

Thay J vao 1 ta duoc :

I f_h(r)ia +g{,){__4a _.9) +4gl(na 'i (5)

Thay cac bidu thirc (4) va (5) vao bidu thie (3) ta cé:
§w) — awy = £ + 2att + h*(r}i\&*’& ~257g(1))

4 (e ){a + g({-4a%a -2} +agtna

7
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Pydng nhat hat vé ta ¢6 hé phuong trinh vi phin:

gty - 2H{ngl) + 4&"‘{2)@_%{533-2({) =
5 :)6---2}:(;} - 1

Wy —as@e ey = g

£ - 29020 . 0

Giai hé phuong trinh v didu kién
g = 0,80 =0, fF{0) = 0 va 5(0) =

. I, w
vai = —ln—
4
()
JAt 1 o
Ta thu duoe glt)y = —r - B ) = ,)f'} a;r =
2t r1) 24D Ho+a')
\ . W
(o
| P N
Aty =In-——=1In © -n “=2u,
Fsd _.i...ti m +1 ik “*' [
C-L}r'
1. o
HOERS ! Al =
2 w+w
(6 i P @ ,
§{) = e o = e =y,
R I TP G B
m
Cuoi clng thay cdc bicu thire 1{1), g1}, h(t), s(t) vao {1} ta duge k&t qua.
2 A &Y oo .
Rk = exp{z-ln -E;;'ia*'{{:))_ A% {enN |}

= gxp e;,ulrj U )} SXP {1, {(247 G +1 shexp {——;.z] % {6

‘o @ — @' 1, 2Jwa’
V1 M= fy = Zin M.H_‘_H___,_,_!_
{e+a’y © 1 o+
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Mt cdch nhin ddy da vé toin tu sinh huy irac
va trag dung che hé lwgng o trong mién ning hwong litn tuc

Nghidm doi 50 bidu didn dudi dang todn ik sinh huy dé duoc :-:.fiy dung trong bai
todnr dao dong he didu hoa, bdi todn o nghiém frong mién néng lupng gidn doan. Trén
oo §0 d6, tde gia ma rong 1 pham vi dp dung cia phuong phdp dai sO s dung todn nr
sinh huy trong mién nang fwong lién tye thing qua bai todn nguyén it hydro. Kez Gud
nay thudn loi cho mot 56 nghién cieu vé gud trinh ion hod, khi do trang thdi cubi cing

ctia dign i [ trang thai fu do, ndng luong trong vimg lign fuc.

Abtracst:

Looking cemaprehensively at Dirac annihilation and creation operators and
apphication to the quantum sysfem in the region of continuons energy

A]gei’)l’dlb solution represented in form of annihalation and creation operators is
established in harmonic oscillator, in discrete spectzum. Basing on that result, we
expand the operator method using annihalation and creation Operators in continuous
spectrum, especially, the root hydmben atom in continuous spectrum is represented in
form of anpihatation and creation operators. That result is the first important step to
research ionization process, final state in continuous spectrum.
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