V¥ WP VTN CH LAY VL OOy

Dich tiéng anh chuyén nghanh khoa hoc

ty nhién va ki thuat.

Dich cac bar giang trong chuong trinh

hoc liéu méd cua hoc vién MIT, Yale.

Tim va dich tas héu phyc vy cho sinh
1€n lam semmer, luan van.

Tai sao moi thir deu mién

phi va chuyén nghiép 77?
Trao doi truc tuyén tai:

www.mientayvn.com/chat_box_li.html|



www.mientayvn.com/chat_box_li.html

Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

Chuong 1: SO LUGC LY THUYET BIEU DIEN
I.  BIEU DIEN CAC TRANG THAI LUONG TU:

Ham song Y ('r)mé ta thudng viét ti trudc dén nay la phan phu thudc toa
d6 clia ham séng. Hay ta c6 thé néi do 13 ham sdng trong "biéu dién toa do" hay "r
- biéu dién".

- X2

Vidu: Y ('r)z €  1a ham sdng trong r - biéu dién, nd chi phu thudc toa
do x. Bdi I€ cii cho x mot gid tri xac dinh thi ta xdc dinh dudc ham song.

Ta biét ring mdi toan tii . bidu dién bién s dong luc L thi hé ham riéng
cta L, 1ap thanh mot hé diy du dé ham séng Y (r) co thé viét dang mot t6 hop
tuyén tinh cta cac ham riéng nay la:

Y(r)=8& C,U,(1)
n

Trong d6 C, 1a hé sd hing s, cac ham U _(r) 1a ham riéng cta toan ti .

Cac ham riéng nay 1a da biét. Vay néu cac hé sé phan tich C, thi ham song
Y (1) hoan toan dudc x4c dinh. Nhu vay tap hop céc sé C, hoan toan ¢ thé thay
thé choY (r) dé mé ta trang thai cta hat. Ta ndi ring tap hop cac C, 1a ham song
mo ta trang thai cla hat trong L - biéu dién.

Nhu vay, dé mo ta trang thai ctia hé lugng tii ta cd thé mo ta bing ham song
cho trong toa do bifu dién hay trong biéu dién nao dé cling  dudc.

Sau day, ta s& xét ham song trong mot sé biéu dién cu thé va sy bién doi
ham séng ti biéu dién nay sang biéu din khac.

1.Ham song trong biéu dién toa dd (r - biéu dién):

Trong bi€u dién toa do, trang thai lugng tii clia hé duge ki hiéu bing chi sb
a (trang thai a) va ham song trong bifu dién toa do ta di lam quen va thudng dugc
viét1a Y ,(r) . Dd 1a phan phu thudc toa do ctia ham séng.

Trong d6 (1) 1a mot tap hop toa do (x,y,z). Ta cling da biét |y a(¥)|2 mat do
x4c sudt tim thiy hat c6 toa do () khi ham séng da chuin hod. Thuc té ta da lam
viéc v6i ham séng trong biéu dién toa do (r - biu dién) tf dau gido trinh dén gio.
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Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

2. Ham song trong biéu dién niing lugng (E - biéu dién):

Dé dé hiu van dé, ta xét trang thai cla mot hat chuyén dong trong dién
trudng ngoai, ning lugng cu hat 1a &m va do dd ning luong cua hat 1a gidn doan.
C4c tri riéng cua ning luong 1a E, (n=1,2,3,4...) va ham riéng tuong tng la
U,(1). Theo tinh chat di ctia hé ham riéng ta co:
ya(N=8C,U, 0
n

Nhu ta da ndi 6 phan trén, tdp hop cdc C, la ham séng mo ta trang théi a
clia hat trong E - biéu dién va vi 1a ham song nén ciing viét la: j ,(E,).

Nhu vay tu tinh chit di cla hé cac ham riéng, ta cd cong thiic chuyén doi
tti ham séng trong E - biéu dién sang r -biéu dién nhu sau:

Yo(1)=8 J (B Uy(T) (1.1)

Va tii cong thic tinh hé sé phan tich, ta cé cong thic chuyén doi tti ham
séng trong r - biéu dién sang E -biéu dién nhu sau:

i 4(E,)= Uy (Nd(D) (12)

Trong d6 U,(r) ham riéng cda toan td ning luong, j ,(E,), Y,(r) 1a ham
séng mo ta trang thai a ctia hé lugng tif trong E -biéu dién va r -biéu dién.

Biét trang thai Y (1) ctia hé va cc ham riéng U,(r) cla ning luong ta tim
dugc ham séng trong E - biéu dién ma nhu sau nay ta s& biét, né dudgc mo ta bang
mot ma trdn k hang va mot c6t.

Néu ham séng trong r - biéu dién di dugc chuén hod thi ham song trong E -
biéu dién ciling dudc chuan hoa.

That vay, ham séng da duge chuan hod nén:

CYov.d(n) =1
Hay & C,U,,(N& C,U,(Nd(r) =1
n n

Hay 0ai EAi (E)Pn(NU,Md(r) =1
M) n n

ai (E)ai’ (Eyd,, =1

Pai (E)ai (E,)=1

2
p =1

ai (E,)
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Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

Déng thiic nay chinh la diéu kién chuin hod cta ham séng trong
E - biéu dién.

3. Ham song trong biéu dién xung lugng (P - biéu dién):

2 1. A N A . e N ! ?
Tdan ti xung ligng co phd lién tuc nén ham riéng ting vdi tri riéng P clia
todn ti xung lugng trong r - bi€u dién duge viét 1a: Yy () va ham phéi dugc
chuén hoa vé ham denta. Ttic la:
P | 1 I (
CY: (1)Yp (r)d(r)=dg 6=

0 khi pt?
b=he

¥ khi p=
Tuong ty nhu trong E - biéu dién, ham séng mé ta trang thai a cia hé luong

"O—:"U-

td trong P - bi€u dién cling duge viét 1aj , (p)
Do d6 ta ¢6 cong thic chuyén doi ham song ti P - biéu dién sang r - biéu
dién nhu sau:
Y. = .0y (D (13)
(Thay c6ng thtic Ya('r) =a CnUn('r) déi véi toan ti ¢ phd ¢b phd gidn
doan).
Tui cong thic tinh hé s6 phan tich ta cling co:
i .(0)= Y5 (r)Y . (r)d(r) (1.4)

(1.4) 1a cong thic chuyén trang thai tii r - biéu dién sang p - biéu dién. Vi

2 o \ n n YO e , 1
. i cung la mat do xac suat tim thay hat co xung lugng la P .

Ta luu y ring trong r - biéu dién thi phuong trinh tri riéng cta toan ti xung
lugng, ta ¢4 thé tim duge phan phu toa do clda ham riéng la:
el 1 dz 1o

r(r) eh
é2phg

ILDANG CUA TOAN TU TRONG CAC BIfU DIEN:
Ta hdy xét toan tf tuyén tinh A . Todn tli ndy téc dung 1én ham song Y (1)

( trang thai a) sé cho ham Y (1) nhu sau:
AV (F)=Yy(F) (1.5)
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Ta hdy xét phuong trinh nay trong L - biéu dién nao dé .Mudn vay cac
ham séng Y (r), Y () phai dugc chuyén sang L - biéu dién (theo céc hé sé phan
tich bén canh cdc ham riéng ctia toan td L. Gid st L ¢ phd gidn doan thi cic
ham Y (1), Y (1) dugc viét nhu sau:

Yi0)=a i (L) U (1.6)
Yo(5) =@ i (L) U() (1.7)
Trong d6 U,(T) 1a cdc ham riéng vng véi tri riéng L, cla toan ti L. Con
i .(L.)j,(L.) la cac ham séng mé t4 trang thai a va trang thai b trong L- biéu
dién. Ta hiy tim mdi lién hé gitta j (L, )vaj ,(L,)
Viét lai phuong trinh(1.4) dudi dang can quan tam ta co:
AL L U,0=&],@L,)U, 0 (1.8)

Nhén hai vé clia phuong trinh (1.8) vdi U,"(T) 12 ham riéng tucng ung vdi
tri rigng L, clia todn tii L. ta dugc:

UL (NAR ] (LU (N =U" (DA (LU, ()

L4y tich phéan theo  ta dudc:

3 | MAU, (Hdn)f (L) =8 |3 (U, dm)] (L)

Tich phan & vé trai gidng nhu tri trung binh clia A
bat A = (‘:U;(;)AUH(g)d(g). Thi phuong trinh trén tré thanh:

é Amnj a(Ln) = éj b(Ln)dmn

0 khi 1
Véi d = Lmen
1 khi m=n
Néen: 4 A,J.L)=4ij,L,) (1.9)

Ta chd ¥ U, (r) 12 ham riéng cda todn ti L chd khong phéi cla A . Cong

thic (1.9) cho ta mdi lién hé cta cac ham séng trong L - biu dién ma ta cn tim.

Quay lai ky hiéu:
j.L,)=a,
j b(Lm) = bm

Thi c6ng thiic(1.9) s€ la:
é Amnan = bm
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Ludn vn t6t nghiép & GVHD: Nguyén Xudn Tic
Vi m, n 14 chi s8 cdc ham riéng ctia toén tf L
Néu L. ¢6 k ham riéng thi ta co:

k
aA.a = by  (Mm=123..k)

n=l

Ta c6 hé phuong trinh:

Apa; + Apay .. FAja =b (m=1)

Aja; + Apa, T FAR8 = b, (m=2)

.............................................. (1.10)

Apa; + Apay . FAga = by (m=k)

V& trai clla mdi phuong trinh tuyén tinh cta hé phuong trinh (1.10) ¢6 k s

hang va cic hé s A, thi dic trung cho toan t A . Nhu vy trong L - biéu dién, A
dudc biéu didn bing mot ma tran vudng k hang, k cot vdi cac phan ti A nhu
sau:

All AIZ cee Alk

A:(A):AZI A22 oo AZk

Akl Akz cee Akk
Ta mo ta cdc ham song a,, b, trong L- biéu dién cling bing ma tran k hang,

k cot nhung chi c6 cac phan tii clia cot thi nhat 1a khac khong, con cic phan ti

khéc déu bing khong

a, 0 ... O la,| la,

(an):h a(]_‘n)]:j a(L ): a,, _ _

a, 0 .. O J|a,| l|a,
bl
. , b
Tuong tu: (b, )=(j ,(L,))=( ,@)=|">
bk

Ta thdy 1o rang hé phuong trinh (1.10) chinh 1a dang khai trién cta
phuong trinh ma trén sau:
(A)a,)=b, (1.11)

Hay  (A)(j (L)) =( o(L)]
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Trong d6 (A), (j (L)), (j (L)) 1a cdc ma trin biéu dién toan ti va cdc ham
séng trong L- biéu didn, phucng trinh nay giéng nhu phuong trinh bién d6i ham
séng cta toan ti A trong r- biéu dién ma ta quen thudc 1a:

AY (1) =] ()

Nhu véy trong L- biéu dién ta cling viét tuong tu phuong trinh bién d6i ham
séng cho toan td A 1a:

Aju(L)=] (L) (1.12)

Nhung trong phuong trinh (1.12) thi A o] (L), ] (L) 1a cac ma tran.

Néu ta xét todn t A trong biéu didn clia chinh né thi cdc ham rigng 12 cta
A . Do d6 c4c phin ti ma tran (A) bi€u didn toén ti A s 1a:

Ap= QU (1) A U(h)d(r)=A, OUn (1) Uy(1)d(1) = A,d,,

(f) (f)

P A,,=A,khim=n. Conkhim? nthi A,, =0. Vay trong biéu dién cia
chinh minh todn tf A 13 mdt ma tran chéo, cac phan tli clia ma tran 1a céc tri riéng
clia todn 1 A Dang céc toan ti trong biéu dién toa do ta da biét, bay gid ta hdy
nghién cfu dang cia cdc toan tii trong mot vai biéu dién quen thudc.

1.Toan ti niing lugng trong biéu dién ning higng:

Nhu trén ta da ndi, todn ti ning lugng trong biéu dién ning lugng sé 1a mot
ma tran chéo ¢d cdc phan i 1a cac tri riéng cla clia ning lugng nhu sau:

E, 0 .. 0
IZI=(H)=0 E, .. 0
00 .. E,

Phuiong trinh bién déi ham séng trong biéu dién ning lugng 1a:
Hj ,(E)=j ,(E) (1.13)

Mit khéc theo mdi lién he clia cdc ham séng trong E- bidu dién ta lai ¢6:
. [} .
J b(Em):aHmnj a(En)

Trong tong & vé phai tat ca cac sé hang déu bing khong trii sé hang ¢
n=m. Do do ta co:
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Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

j b(Em) = Hmnj a(Em) = EmJ a(Em)

Hay ta c6 thé viét:

j o(E)=Ej (E)

Nhu vay (1.13) tré thanh:

fj ,(B)=Ej ()

Ta thdy trong biéu dién ning lugng thi toan t ning lugng chi 1a phép nhan
véi ning lugng ma thoéi. Giéng nhu todn tif toa do ciling chi 1a phép nhan véi toa
do.

2. Cdc toan tii trong biéu dién xung lugng:

2.1 Toan tif xunglugng:

Phuong trinh bién ddi ham song cta toan ti xung ludng trong biu din
xung lugng la:

B () =] (P (1.14)

Miit khac méi lién hé cac ham song trong biéu dién xung lugng cho ta:

N O
Jo(p)= rd)p%J .(p)dp
p

(Tuong ty nhui j ,(L,) =g A,,j ,(L,), plalién tuc)

Trong do
NP R ro, - r
Py = B (P Y (1) =P AY ;Y 4 (Fla(t) =Pd(p- po

(r) (r)

NN roor
P .0)= 0Pj , (B)p- pdP)=P§ ()

®
Hay i () =Di () (1.15)
Tu (1.14), (1.15) ta suy ra:
P (D) =P ()

Tc 1a trong biéu dién xung lugng, todn ti xung ludng ciing chi 1a phép
nhén véi xung lugng ma thoéi. Ta luu y ring téan ti xung ludng co phd lién tuc
nén né 1a mot ma tran chéo lién tuc trong biéu din xung ludng.

2.2 Toan ti toa do:

Xét hat chuyén dong trén truc Ox. Trong (p,- bi€u dién) thi phucng trinh
bién d6i ham song clia toan ti toa do % la:

% .(p,)=i.(p,) (1.17)
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Ludn vn t6t nghiép & GVHD: Nguyén Xudn Tic
M&i lién hé ham séng cho ta:

Jb( ) Oy a(px)dpx

Px

Véi X o, = (c‘))v " RY ()

Chuy cac phﬁn ti dudi ddu tich phan theo (x) 1a trong biéu dién toa do nén:
k=x va Y, (x)=

1px

X b e iLxXO'
Do do: XY, (x)=—=—=g@™" :-1h h =
J2pn 3 5
.
=-ith—Y (X
ﬂpx o 09
P X e (x)e- ih—Y, (x)udx—- hi oY . (X)Y, (x)dx
( 'ﬂpx Py ) ™ '

P X

p¢p,

1
= ih 1 (pg-
ihg (p¢- p,)

X

Duia vao biéu thic cta j , (p¢ ) ta dugc:
b ] b(pgt)- ., )g lh— (p¢- p, )dp,

=- lho a(px)d[d pﬁt- px)]

Px

P w09 =-ihi ,(pdp, - p.) - (- in) (‘)%(p?- P, ),

Chu y ring tich phan ldy theo p, va trong mién bién thién cta p, cd chia
gid tri p¢. Nhu vay thi s6 han dau cia vé phdi bing khong (theo tinh chit ham

denta).

b j (%) =ih——j .(p$)
Tp

X

(Tinh chit ham denta)
Hay 00 =ihe . 0,) (1.18)

So sanh (1.18), (1.17), ta dudc:

L=ih T
fp.
Tuong tu vdi cdc toan tii toa do khac va ta co:
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Tu do ta suy ra: o
P=di+ )+
r r ré
1h‘qeﬂ 1 1 S
S‘pr T, p

b T =ihNy

Tt dang céc toan ti di biét trong biéu dién xung lugng , ta ¢d thé suy ra
dang céc toan tii khdc trong bi€u dién xung ludng bing nguyén ly tuong tng.
Vi du nang lugng:
P2 +P; +P;
————tV(x,y,2)

Ta suy ra todn tii ning lufdng co dang'
0
I SIS
ﬂpx ﬂpy ﬂpz
T d6 ta viét duge phuong trinh Schrodinger trong (p- biéu dién) nhu sau:

é 23] ou
2 wvih T in 1 i T (b =K b
me e, T, Tp. g
2
Ta thiy ngay néu hat chuyén dong ty do thi ning lugng 1a: E = 5—
m
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Chuong2: NANG LUONG CUA NGUYEN TU
TRONG PIEN TRUONG

Do bién thién ning lugng cua cdc trang thai ding cla cac nguyén ti dudi
anh hudng cua dién trudng ngoai goi 1a hiéu ung Stark.

Khi khoéng co dién truong ngoai, cac trang thai dung tucng tng véi mot
muic ndng lugng E,. Khi ¢d dién trudng ngoai vdi cuong do e tac dung, trong toan
ti Haminton ¢ xuat hién s6 hang phu:

W=-e.d

Trong dé: d=e.r 1a toan tii mémen ludng cyc dién cta electron. Néu hudng

z doc theo vecto dién trudng thi toan tf Haminton cla nguyén i ¢6 dang:
A=h,+W

Trong d6 toan ti W 13 mot todn td nhd goi 12 todn i nhidu loan.

Khi c6 dién trudng ngoai tac dung, trudc hét su ddi xing cia hé thay doi, su
ddi xting xuyén tam thay thé bing su déi xuing truc, khi d6 tinh chit cla thé ning
thay doi khi z® +¥ . Thé ning gidm khi z® - ¥ (electron<0) nén sé xuét hién
x4c sudt cla electron truyén truyén qua hang rao thé, nghia 1a sy ion hod tu phat
ctiia nguyén ti dudi anh hudng cta dién trudng ngoai, kha ning cla electron truyén
qua hang rao thé xuat hién trong sy mé rong clia cdc mic ning lugng.

Cac tinh toan dinh lugng vé do bién thién ning lugng cia nguyén tii khi c6
dién trudng ngoai tic dung c6 thé tién hanh bing phuong phap ly thuyét nhifu
loan, néu cudng do cua trudng di nho, nghia 1a trong trudng hop do bién thién cla
cac muc nhd so vdi khodng cach cia cac muic 1an cin cua nguyén ti khi khong ¢
truong.

Trong phép gan dung cidp mot cua ly thuyét nhiu loan sé hiéu chinh cho
ning lugng cua hé khong nhiéu loan dudc x4c dinh bdi gid tri trung binh cia todn
ti nhidu loan trong trang thai dé. Do bién thién ning ludng trong thai dudi anh
huiéng cta nhiéu loan:

CE =ed

Trang thai kich thich dau tién ctia nguyén tf Hydro tuong ting vdi trang thai

nay c6 ham song dudi dang t3 hop tuyén tinh nhu sau:
Y =ay, +by,
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Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

Moémen ludng cuc trung binh khac khong cd thé ¢d trong ca cac hé luong ti
c6 nhdém céc trang thai hdu nhu suy bién. Néu mot hé nhu thé khong cd ning ligng
hoan toan xac dinh. Do dé dé bét dinh cta ning lugng 16n hon khoang cach gitia
céc mtc c6 tinh chin 18 khac nhau.

Ta sé nghién cfu hiéu ung Stark déi véi nguyén ti Hydré trong dién trudng
trong su gan dung phi tucng déi tinh khong tac dong 1én spin clia electron.

Do d6 trong phép tinh gan dung cdp mot cua ly thuyét nhidu loan trang thai
cd ban 1s cla nguyén ti Hydro c6 tinh chén 1é duong trong phép tinh gan ding
cap mot.

Ning lugng cia trang thai nay khong doi khi dién trudng tac dung. Khi
nghién ctiu trang thai kich thich dau tién ing vdi n=2, can chu ring trang thai nay
suy bién boi g (bac 4). D€ xdc dinh su dich chuyén cia cac mic trong phép gin
ding cdp mot cta ly thuyét nhifu loan cin phai khdo sat t6 hop tuyén tinh cla céc
trang thai suy bién.

SVTH: Nguyén Thi Nga 2 Trang 11



Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

Chuiong 3: LY THUYET NHIEU LOAN
L.BAI TOAN NHIEU LOAN DUNG KHONG SUY BIEN:

Phan 16n céc bai toan trong co hoc ludng ti déu khong gidi mot cach chinh
xdc. Vi vay, trong nhiéu trudng hop ta phai dung phuong phap gin ding dé tim cac
ham riéng va tri riéng cta cac toan ti biéu dién bién sé dong luc. Phuong phap
nhiu loan ma ta nghién ctiu dudi day 1a mot phucng phdp quan trong dé gidi céc
bai toan ¢o hoc lugng tif. Phuong phép ay cu thé nhu sau:

Xét hé lugng td ¢6 todn ti ning lugng Hkhong phy thudc thdi gian thi

phuong trinh Schrodinger khong phu thudc thdi gian la:

fy  (r)=E,y (1) 3.1)
Day 1a phuong trinh vi phan hang hai, mic d¢ phic tap cia phuong trinh phu
thudc vao cac yéu to:

Sé toa do nhiéu hay it.

Dang ctia thé ning 1a phuic tap hay don gian.

Cac bai toan don gidn ta da gidi nhu bai toan chuyén dong mot chiéu, bai
toan dao dong ti diéu hoa, bai toan chuyén dong cila electron trong nguyén ti
hidro. Con ndi chung viéc giai phuong vi phan trén la phic tap va khong thuc hién
dudc bang phuong phap gidi tich. Khi d6 ta phai giai bai todn bang phuong phap
gan dung.

No6i dung clia phuong phap nhiéu loan dé gidi phuong vi phén trén 1a ta tim
mot toan td 1 gAn bing H sau cho phuong trinh tri riéng H°y ﬁ(lr) =Ely 2('r)
cha 11°1a giai duoc.

Nghia 14 ta tim dudgc tri riéng E° va céc ham riéng y °(r) ri dya vao E!
vay g(lr) désuyra E, vay () ctia phuong trinh (3.1).

Khi d6 ta dit A =H" +W. Trong d6 todn tf W 13 mot toan ti nhé goi 12
nhiéu loan. Nhu vy phuong trinh (3.1) tr§ thanh:

[0+ Wy, ()=E, Y, (32)

D€ giai phuong trinh nay ta hiy chuyén né sang E° - biéu dién

Tacs: y, (r)=& Cy ’ (r) va thay vao (3.2) ta dugc:
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Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic
(o +W)A cyo()=E, & c,y ()
Hay é’l C, (A% o(r)+ Wy o(r))= Eké’l C,y % (r) (3.2)

Nhan hai vé (3 2)véiy, (r) roi 14y tich phan theo ( ) ta dudgc

C,E ¢y % (r)y (P +8 ¢, ¢y & (F)Wy ¢ (FHH =B, & C, ¢y & (P ¢ (P

n &S n <¥) n (r)
Hay a. Cn n mn + a C W = Eké. Cndmn
Suyra C_E’°+§C,W._ =E.C, (3.3)

Trong d6 W,,, 1a phan ti ma tran (W) trong E° - biéu dién céac chi sé m, n
1a chay sudt cac ham riéng cla n.
Bay gid ta biéu dién E, va cac C, (ciing 1a C,,) dudi dang chudii va chd y
cac E° 1a da biét:
E, =E) +E, +E; +
C,=C)+C!l +C +
Trong d6 cac Ei,Ci 13 cdc s6 hiéu chinh bac i, quy dinh bac gan ding ctia ¢
yéu t6 nhiéu loan, chuing ta c6 cdc vo cung bé bac i (i= 1,2... va W la cdc vo bé
bac 1)
bua E,_,C,,C, vao (3.3) ta dugc
(co+ct+c? +. JEO+EL+E2 +..- E, )= & (CO+CL +C2 +.. W,

n
Khai trién tich thiia sé va can bing céc sé hang cung bac & hai vé dugc hé
cac phuong trinh:

c (Ey- BY)=0 (3:4)
CoEL+C! (E0- E))=§ C'W,, (3.5)
CoEZ +CLEL+C2(ES- ES)=4 CiW,, (3.6)

Giai hé phuong trinh trén ta tim dudc cac gia tri E?,C° va cdc s hiéu chinh
bac 1, bac 2 ... clia chung. Néu ta ding lai ¢ s6 hiéu chinh bac nao thi bai toan
duing lai 6 gan dung bac ay.

Chéng han ta hdy giai bai toan trong gn ding bac mot, khi 4y ta phai tim
dudc: E, =E +E. va C_=C’+C! dé suy ra ham séng tuong ting vdi E, la:

Y (D=8 CyMn
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Dé tim E° ta hdy gidi (3.4) 1a phucng trinh gin ding bac khong hay bai
toan khong cd nhiéu loan.

Ma bai todn khong ¢6 nhiéu loan thi ta da gidi dugc nén céc tri riéng E!va
cac ham riéng y ﬁ('r) tuong ting la da biét

Khi d¢ trong (3.4) ta cho m=k thi C? =C} 1 0

Mit khéc khi khong c6 nhidu loan thiy °(r) = § Cly °(r).Trong d¢ tt c&

cdc s6 hang ¢6 n! k=m thi C° déu bing khong chi cé mot sé duy nhit cé
n=k=m la * 0,do1acC,
b yl(n)=Cly i
pCl=1
Vay & gan ding bac 0, ta cd:
E, =E/-E,
Y, (1) =y (D)
1a tri riéng va ham riéng tiong ing cla ning lugng khi khong cd nhiéu loan
ma ta da biétva C* =1,(n=m =k).

Dé tim céc hé sé chinh E!,C! ta phai giai phuong trinh gin dung (3.5) tiép

theo.
Cho m =k phuong trinh (3.5) tré thanh
ClE}, +C,(E) - E))=8 W,
V6i nt k=m thi C!=0,con véi n=k=m thi C’=C] =C? =1. Tu do
suy ra:

E, =W, (3.7)
V6i m=n?t k vachuykhido C =0, C? =0 tacd phuong trinh
Cin (Eﬁ - Eom): é Ciwmk

Ma Cg =1
e :—E;YmkEg] mt k (3.8)
O day ta hiéu vai trd ctia m va n 1a nhu nhau nén ta ¢6 thé thay n cho m §
cong thuic trén.
Nhu vay trong gin ding bac mot thi gid tri ciia ning lugng va biéu thiic cia
ham song tuong ung la:
E, =E; +E, =E} + W, (3.9)
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Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

(W, la phén tli ma trin W trong E° biéu dién)
Va: Y, (=8 (co+ci)yo(n) = a COY % (N+a Cty%(r)

n

Chiy C?=0 khi n® k va C\=— "% Ty duge:
Ek- n
r r W r
Y@=Y{0+E 2 Y (3.10)
n k m

Dé phép tinh gin dung c6 y nghia thi W << |EE - E|. Do clng la mot

diéu kién d€ ta chon nhiu loan W.
Muén tinh cdc sé hiéu chinh bac cao hon, ta tiép tuc gii cc phuong trinh
gan dung bac cao hon.

ILNHIEU LOAN DUNG CO SUY BIEN:

O trén ta da xét bai toan khoéng suy bién, nghia 13 ting véi mot mic ning
lugng thi c6 mot ham séng duy nhét, Bay gid ta xét trong trudng hdp A ¢ suy
bién, tic 1a tng véi mot mic ning lugng thi c¢é nhiéu ham séng tuong ung khac
nhau .

Ta gia su miic ning lugng cua E° hé ludng ti ¢d g ham song tuong ting
y 21('r),y gz(lr),...y 2g('r). Ta ky hiéu cac ham song do lay !, ('r) Nhu vay ham song
y, (r) trong E° - bi€u dién c6 dang.

Y0 =8 & C.ytu®
" a

DPua vao phuong trinh (3.2) ta dudc:
(H+ W) & Cay (N =E, 8 & Ca¥ ta (D)
Hay A& Calf'y L+ Wy L (D|=E, & C.yla(D)
Nhan c4 hai vé phuong trinh trén véi y ('r) r6i 14y tich phan theo ('r) ta
dudgc:

é a CuEy ¢y " My % (DA +4 § C,a o * (Hwy © (D

a S noa )

=E,a a C.. O’ (r)y na(r)ﬁ‘l(r)

n ,a (r)

Hay aaCna n mbna-i_a.a.C mbna_EkaaCna mb,na

n .a
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Ludn vin tot nghiép & GVHD: Nguyén Xudn Tic
D Cmb(Ek- Egl):é. é.cnawmb,na (a’bzls g) (311)
Trong d6: W, . = ¢y (WY 1o (F)(F)
(r)

Bay gio ta biéu dién E, va cac C,, (cling nhu C,, ) dudi dang chudi va chu
y cac E! 13 da biét:
C,=C) +C! +C: ...
bua E,,C,,,C,, vao (3.11) ta dugc:
(co, +c!, +2, . JEC +EL+E2..- E%)=§ & (c% +Cl, +C2, +..)
Khai trién tich céc thiia sé va can bing cac sé hang cung bic § hai vé ta
dugc hé céc phuong trinh gan ding lién tiép nhu sau:
c, (ED - EL)=0 (3.12)
ChoEl +Cu(B)- B )= 8 A ClaWonsa  (B13)

Ta hiy tinh cdc trj riéng E, va cdc ham riéng tuong ung y , (r). Bai todn rat
phtic tap nén ta chi duing lai 6 gan ding bac mot thoi.

Khi khong ¢ nhiéu loan (hay nhiéu loan bac khong) thi phuong trinh (3.12)
cho ta E! =E° b m=k. Nhung 6 day C°, =C;,* 0 chi khong bing mot nhu
truide dugc (vi con suy bién theo b). Nhu vy ta cé g gia tri C°, 1 0.

Thay m=k vao phuong trinh (3.13) ta dudgc.

CLE, = é é Cgawkb,na

o O
a a Cgawkb,na

p El —_n_a
' Cis
2 ~0
a. Ckawkb,ka
Chiy: n®k thi C%,=0nén E, =2 (3.14)

Ci

Vi CY, ¢6 g co gia tri khac nhau va khac khong ndi chung sé hiéu chinh
E! c6 g gid tri khdc nhau, nhiing gia tri ndy thi gan bing nhau va ta ki hiéu chiing
la:

E, (1.E{(2)....E;(2)

Nhu vay trong gan dung bic mot, muic ning luong E, c6 g gid trj tucng ung

la:
By, = (B! +E, }E,. =(B) +EL.}. By, = (B) +EL,)
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C6 ham song cua hé luong ti dudc tim dudi dang:
y,0=a3a(Ch+C i m
Chuyrdng nt k thi C°, =0
Suyray, (=8 ClLy L (MH+8 8 Chy L (™)
Viéc tinh cdc s6 hiéu chinh C!_ 13 phiic tap nén véi ham séng chi ding lai &

gan dung bac khong. Khi dé ham sdng c6 dang:
Y (1)=8 Cly (1) (3.15)
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Chuiong 4:UNG DUNG LY THUYET NHIEU LOAN
TIM HAM SONG VA NANG LUONG CUA NGUYEN
TU HYPRO TRONG PIEN TRUONG

Thuc nghiém cho thdy khi dit nguyén ti hydro phat xa trong dién tridng
thi c¢6 hién tugng mot sé vach quang phd bi tach ra. Hién tugng nay goi la hiéu
ting Stark. Su tach vach trong quang phé ching t6 ¢4 su tach muc ning lugng.

Ta hay xét dién trudng ngoai cé cuong do F hudng theo truc Oz. Phan ning
c¢6 thém cua nguyén td 1a W, né dugc coi nhu nhidu loan va ta sé giai bai todn bing
1i thuyét nhifu loan dé tim cdc tri riéng va ham riéng tuong ting clia ning lugng.

Muic niing lugng cla nguyén ti khi khong c6 nhiéu loan, tic khong cé dién
tridng ngoai E° va ham sdng tuong ing la y ,,,, véil=0y(n-1). Chuy ring chi
s6 1 ¢4 nhiéu gid tri Ung véi mdi n xac dinh, diéu dé chiing té ring muc ning luong
E’ c6 cac trang thai suy bién theo I va do dd theo cd m. Céc trang thai nay dudc
viét 1a:

Y tim =Ry (1P (cosgpe™
Trong d6 P™ cosge™ =Y ™(q,j )1a cac ham ciu ta da biét.
Bay gi6 ta xét muic ning ligng EY cla nguyén tu.
Vi n=2 thi nguyén tif cé bon trang thai:

Yo% =R, Y, takihiéula:y?
Y9, =R, Y’ takihiéula:y}
y5, =R, Y' takihiéula:y;
yo., =R, Y, takihiéula: y;

Nghia 1a miic ning lugng ES ¢ suy bién boi bon.Cac ham R, Y™ ta da

biét nhu sau:
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1 r. oo
R,, = 1- —)e 2
0= Hs 0oy
1 r --
R, = —e ?
21 /_6a3 za
2
Trong d6 a=—— la ban kinh Bohr thi nhét.
me

1. Gia tri cac muc nang luong :

Khi dit nguyén tii trong dién trudng ngoai thi mic ning lugngéné bi tach
thanh mot sé muc. Ta hdy tim gid tri cdc muic bi tach ra nay trong nhiéu loan bac
mot. Tic 1a phai tim c4c s6 hiéu chinh E.. Vay ta phai gidi trong gan ding bac mo
do1 vdi bai toan nhiéu loan.

Khi khong cd nhiéu loan, gii (3.12) thi ta c6:

CoL(ES-E2)=0P EJ=E’P m=2
Thay m = 2 vao phuong trinh gin ding bac mot (3.13) vachiy nt 2 thi
C’ =0 ta dugc:
4
Cng; = é Cgawzb,Za
a=l1

Ta ¢ thé bd chi s6 2 & hé s6 phan tich va yéu té nhiéu loan cho dd rudm ra,

ta dugc:
4
A CoW,, - CiEy =0 (b=1, 4)

a=l
Cu thé ta cé hé 4 phucng trinh sau:
b=1p C)(W,, - E;})+C)W,, +C{W,, +C{W,, =0
b=2pP C/W,, +C3(W,, - E})+CiW,, +C/W,, =0 (4.16)
b=3pP C!W, +CIW,, +CY(W,, - E})+CIW,, =0
b=4p C)W, +CIW,, +CIW,, +CJ(W,, - E})=0
Day 1a hé phuong trinh tuyén tinh déi véi C°. D& bai toan khong nhan
nghiém tam thudng (C° = 0) thi dinh thiic clia nd phai bang khong. Tuc la:

(Wu - Ei) Wi Wi Wi
W, (W, - Elz) W W, =0
Wi Wa, (W33 - E;) Wi,
W41 W42 W43 (W44 - E;)
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Mudn giai bai téan dinh thic trén dé tim E! ta phai tinh cdc phan tf ma

train W, .
Woa = @/ E*\;Vy adv

Trong d6 cac y° 1a da biét, d 1a: y ,y %,y %,y Y, ching la cac ham riéng
tuong ting véi miic nang lugng EY khi khong c6 nhiéu loan. Tich phan 13y theo thé
tich vi electron chuyén dong trong khong gian.

Chu y ring: dv =r’drsingdqdj . Trong d6: q=0, p,j =0, 2p,r=0, ¥
Con W =eFz =eFrcosa
Ta s€ tinh 16 tich phan trén:
Tich phén thu 1:

000

1 ro-5 | 1 r o

Véiry =R, Y = —&- L& - = o R T

! 2070 2333 2ag  4p V8pa3g 2ag
P¥ 6 q re--u é 1 ro--u,
W ALK 3_ — ZaLe_Frcosq" g[- — g 2 lf dr. SInqud]
1 OOk /—8pa3e 2ag 8 /8pa3 e Zag 9
2pp¥ 2 r

9 - L9 e F.rdr. cos g.sin .dg.dj

(1010)8[)_21 2ag
—01] cyosq squqcrg? ——e eFr dr

2p p

- ef Oij Ososq s1nqdq0;af-——e r’.dr
2ag

3

" 8pa
" cos’ gl
Do (yosq.singdq = (‘) cos qd(cos q) =- 5 9 - 0
0 0 0
P W,=0

Tich phan thu 2:
W, = ¢y "Wy 5dv =

2pp ¥

oY+ \%y;’ *drsin gdgdj

0

1 ro-, |1 1 r oo,
y° =R, Y = a?.__;eh—: a? —e
| 21 Yo o & ¢ Dag \/_p /8pa3g a g
yS=R,Y?= 1 Eicosq— 1T % cosq
V6a® 2a Vap 8pa® 2a
2 Trang 20
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W ?p¥eé 1 gl ro ZLu é 1 ZL l]zd inadadi
= 000 ——=¢L- ——& *F rcosqe— e 2 cosqqyr “.dr.sin g.dq.dj
ey R - 6/8pa’ 2a g
= os? g.singd - — 2 eaeFridr
011 @ a.sng qos—"é"i 2ag2a
_ef E}i] cos qd(cosq) . L e dr
8p O 0‘: Da gla*
3 [Py . 4 T
. efcos'dlg ror
4 3 00 € 2a gla
e.F ¥\ r or’
=—0; -—+—¢ adr
12]e Qaga’
Daftt:x:£ ta dudc dng
a a
F ¥
W, = S o XBigongy
12 e 2g¢g
XO ¥ ¥
Tinh: 1= (‘)a;? —=x*edx = (x'e dx - — (K e dx
€ 20 0 0
¥
Tinh I, = ¢)*e *dx
0
u=x* P du =4x’dx
bat
dv=eXdxpb v=-¢e*
¥
b1, =-x%™| +4¢)x’e " dx
¥ ¥0
— i _ yiaX X
—L|®rg[ x"e ]0 +49( e "dx
2@ b*o
Vi Ilm[ x‘e ] —I| b—b: dang ¥
e g ¥
. @ b*0 . e 4b®0 22 12b2 0
P limg- —b;:hmg ——x=limg- ——= y
b® ¥ e g b® ¥ e g b® ¥ e g 3 3 .
P I, =40¢Ce "dx
. @24 0 . & 24p 0
:Ilmg- —xr=lim¢- —+=
b® ¥ e g b®¥e e ﬂ
=x’ P du=3x’dx
Dt u u

dv=edxpb v=-¢*
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. . @ 4b%0
Véi Ilm[- 4x“e'x]g = limg- %: dang ¥
b® ¥ b® ¥ e’ g ¥
. @ 4b*0 . & 12b%0 e 24bo_ .. e 246
b limg- _b:: limg- 5 T = ||m(;' —b+:||m(;' —b——O
b® ¥ e ﬂ b® ¥ e g b®¥e e g b®¥e e ﬂ

dv=e*pb v=-¢*

P 1, =-12x%e "

¥
¥ N ox
. + 249<e dx

. 22 12b%* 06
lellm[- 12x%e* 2 = limg- 12? = dang b
b® ¥ e ﬂ ¥
K-S 20 . 0_ .. 0
P Ilmg 12[3 i:hmgg Zibbgzllmgg 249:
b® ¥ e g b®¥e g b®¥e e ﬂ

b 1, =24Ke *dx
0

u=XP du=x
Dit
dv=e*b v=-¢*
¥

-X¥ N\ -X
b I, =- 24xe”|, +240(y dx

¥
. -X b N\ _-X
= lim|- 24xe ™", 240y X

Vdilim[— 24xe'x]g = lim& 24b9
b® ¥ b

) 0_
im¢- ——+=lim¢- —+= 0
b®¥e e 1] b®¥e e g

¥

b I, =24¢p *dx =- 24e'X: =24
0
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1 ¥
Tinh IZ = 5 é(se-xdx

_u=x" b du=5x"dx
bit
dv=edxb v=-¢*

1 ¥ o5¥
P I,=-—-x%¢” + (‘3(4e Xdx
2 0 0
, b 5
Vot limg =x’e = limes 2 dang —
o¥ & H, b®¥§2e P
>0 . a®b*0_ . a20b’0
P lim —b:—llm — —Ilmg T
b® ¥ 2e b® ¥ 2e a9 b® ¥ 2e a9
B imG@Ob2 0 a20b o aAa2006

limge 2= im0 0= im0 0= 0
b® ¥ 2e ﬂ b®¥e 2e ] b®¥e2e [}

5 5._5
P I,=>¢'e*dx==1,=-24=60
’ 200( 270 2

P I=1I-1,=24-60=-36

b w, == 36)=3cpa
12 12
Tich phén thu 3:
2pp ¥ 2pp ¥
W,; = A0 O\;Vygdv 288 0\)\/y r2.dr.sin g.do.dj
Véity ¢ =R, Y =2 ?ﬁ-igeiL: 1 ?ﬁ'igei
1 20 2a3 & zag \/E 8pa3 e Zaﬂ
yeER,Y = 'ﬂisinqe” = e ginge!
6a° 2a 8p 4 pa3 2a
Wy = 000 —— - — % 2%ﬁFr cosq ezaane” L’f dr.singqdadj
13 000 @A, I8pa3 e Zaﬂ \j pa g
2p ] p af rgr
= ¢’ dj (yosq.sin’ qdqoi - —T—e eFr dr
003 G sza e 2a g2a
U dj ¢posag.sin’gdg T —ear’dr
8 / C? 0: 9:3 Zag a
Do c‘yosq.sinzq.dq= sin’ g =0
0 3 0
P W,=0
Tich phén thu 4:
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\;\f By \;\f )
W =y WydV = ooy Wy irdrsingdad
\Y 000
- 1 O -
Véi: y =R,)Y, = 8? L%
8pa’e 2ag
y; =R, Y = é 1/—smqe i ?—- ie 2 singe "
6a’ 23 g 4pa’
W, = 25;‘;‘;;8? 9e 2aueFr cosqé ! e s1nqe K L’,r dr.sing.dq.dj
=- =& e——
" oooe\/" 8|Oa3e 2ag e4 pa 2a a
2p N
ror -
=- ¢ " dj ¢yosq.sin qdqoiaf- — < ¢ *eFridr
00: CP 8vV2pa’ € 2ag2a
Do (‘}os g.sin’ q.dq = sin’ g =0
0 3 0
b W, =0
Tich phan thu 5:

W, = O/ g*\;&ly N c‘y g*\;&’y °r’.dr.sin q.dg.d]
\% \%

. 1 ro--— 1 1 ro
Véiy =R, Y =——&- L% x - = F- 1%
1 20 -0 2a3g 23.‘G l4p }8pa3g Zag
ys =R, Y/ -1 r _gﬁcosq— ! Le 2 cosq
633 2a vap 8pa’
2pp¥e é ..
W, = o002 ! —e 2 cosqueFr cosqe#gf- % 2f‘ur dr.sinq.dq.dj
000€ Spa &/8pa*e 2ag
ror
= os® g.sinqd -2 e aeFr dr
- o1 o asnacng B S0
e'F NN 2 \ r O r4 r
=— ¢fi ¢y cos’ qd(cosq)(EL- ——=-—e *.dr
8p ?j 9 9?[ 2ag2a’
3 Py . 4 r
_-icosq ~ _L9r4eadr
4 3 00 € 2a g2a
_e.F¥\ r or -
12| 2p
e 2aga
bit: x—£ ta dugc dx—E
a
W, eFa a—i‘ XQed
1 % 25
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¥ .. ¥ ¥
, X0 4 . ) 1 )
Tinh: 1= o8- 2%“e ™ dx = &xle Xdx - — e *dx
& 25 o 20

¥
Tinh I, = &)'e *dx
0

u=x* b du=4x’dx

bit
dv=eXdxb v=-¢*

— o4 _-x|¥ N3 -
P I, =-x' 0+4O(e dx

= tim[- x*e*]} +4¢x’e dx

b® ¥
0

_ & b*o ¥

V61=I|m[- x‘e X]O =limg- —% dang —

¥ boxg e’ ¥
. 2@ b'0 . 2@ 4b®0 . 2 12b%0 . @ 24b O .. @ 249
=limg- —3=limg- —z=limg- ——=x=Ilimg- ——3=lim¢- —~+
b® ¥ e J b® ¥ J b® ¥ e J b® ¥ e g b®¥e e g

_u=x> b du=3x’dx
bat
dv=edxb v=-¢*

¥

- _ 3—x¥ N\, 2  -X
P I =-4x’e 0+120O<e dx

¥
1 _ 3 -x|P N2 A X
= lim|- 4x’e ]0+129(e dx

3 .

e . ; . & 0
le=11m[- x*e X]z = limg- %i dang hd
b® ¥ b® ¥ e’ g Y4
. 2 4b’6_ & 12b*0 @ 24bo e 240
= limg- —b;Ihmg- —xr=limg- —(—+F=lim¢- —=+=
b® ¥ e’ g bo¥ e’ g "®¥e e’ g t°¥g e’g

dv=eX*dxb v=-e*
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¥

- _ 3 -X¥ N -X
P I =-12x"e 0+2400(e dx

¥
—1: _ 2 _-x|b hY -X
=lim|- 12x% ]0+2400(e dx

5 1s : . @ 12b° 0
leth[— 12x‘e X]E = limg- 12? = dang —
b® ¥ b® ¥ e ﬂ

¥

-X¥ N\ -X
b I, =- 24xe”|, +240(y dx

¥
. -X b N\ _-X
= lim|- 24xe”"]; 240y X
V6i=lim[- 24Xe'x]g =lim§ 24be n ¥
b® ¥ bO¥A e

. @ 24b0o_ .. o 240_
limg- ——+=lim¢- —+=

b®¥e e 1] b®¥e e g

¥

N\ -X — 'X¥_
DII—240@ dx=- 24¢7| =24

¥
Tinh I, = 1 O¢e “dx
2 0

_u=x’e b du=5x*dx
bat
dv=e*dxb v=-¢"

1 ¥
PI,=-=x€"
2

5¥
+—(‘j(4e'xdx
2 0

0

b ..
U b’ 0

v 1. 8 . &
Vi = lim& lXse 4w =limg——= dang *
¥ & 2 H, b®¥§26 p ¥
&b’ 0 &5b* 0 20b’ 0

=lim T=limg——-==1im T
b® ¥ ZGbQ b® ¥ 2ebb be¥g DeP &

_ .. a@0b’0_ . ad20bo_ .. ad2006_
=lim —r=lim¢——+=lim¢—+=0
b® ¥ 26 & b®¥e 2e g b®¥eze @
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.5 5
b I, ——O< dx =21, =24=60

P I=1 -I =24-60=-36

bW, = cha I-G—Fa( 36) = 3eFa
12 12
Tich phan thi 6:
2pp ¥
W,, =¢Y 3 Wy 2dV = oexy \;\7y 9r’drsinqdqdj
000

Véi: y§ =y? -1 L e cosg
8pa3 2a
2pp ¥ 2 r
= S 2 3
W, = W—e cos® gr3dr sin qdgd
000 +8pa® 4a

r

2P *eF r* =
= Wi fvos’ g.singdgA———e *r’dr
001] 005 g.smmq q(ovpag 12’

P . 4 P
Do (yos’ gsingdq = s 4 -
0 4 0
P W, =0
Tich phén thu 7:

2pp ¥

Wy = ¢y O*Wy dV = ooy °*\2Vy rdrsinqdqdj
000

e * 1 -
Voi: y5 =y = Tem cosq
8pa’ 2a
o 1 ro-
Yy, = —e asmqe
pa
2pp¥é 1 r é

W, = 000 — — e = cosqLeFr cosgé——

_000@V8pa 2a Q 844/ pa’

_ZE ij eF r5 ;
= d (yos gsin qqu\/—i dr

0
2
Do: ¢y ¢ di dcosq +isin q)dq (si ng- i cosq)|§p =0
0

D W,, =0
Tich phén thu 8:

e 2 smqe” urzdrsm qdqdij
g
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2pp ¥
W, = ¢y f&’y 2V = ooy g*\z\’y °r*drsin qdqdj

000
7 * 1 r -
Voi: y) =y = —e 22 cos(
2 2 /—8pa3 2a
1 d ;
y3=- Le 22ginge !
pa
2pp¥ é 1 é 1 \
W =000 67— Le 2 cosquFrcosqe——e 2 smqe . ljr *drsinqdqdj
000 &J8pa® 2a Q ad+/pa’ 2a 0
SO eF o’

=- ¢ " dj ¢yos’ gsin’ qdgy— e_idr
0" oo asn anngy 2
2p
Do ¢g'd dcosq- ising)dg =(sing+icosg).” =0
0

b W24 =0
Tich phén thu 9:

2pp ¥

Wy, = ¢y f&’y TV = o0y S \%’y °r*dr sin gdodj

r

o 1 0“5
Véi: y =R,Y, = 8? L(—:)e 2

8pa’ € 2ag
R “3e i
Y3 ——e 4 singe”
pa
2pp ¥ A .
W, = e | ie stm F ! ﬁ_LQ 2 r2d dqdj
5= 0008, =5 ge’ (e rCOSQe—Q % 2 i drsin qdqd]
00064 pa G é 8|Oa e 2ag a
eF i .
“1dj ¢yosqsin® gdq a?_ TOT upidr
8\/_p 3 G G (g;e 2a ga
Do c‘yosqsin2 q.dq=sm a’ =0
0 3 0
P W, =0
Tich phan thu 10:

2pp ¥

W, = ¢y ;’*\;Vy 2dV = ¢ 0*\;\’y 9r’drsin qdqdj
v

1 r i
—e 2 cosq

V8pa® 2a

Véi: y3 =
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r

r
—e 2gnge’’

Ys /_pa 2a

2pp ¥ é é
W, = 0008 ! —e 2 smqe LpFrcos qe#—e 2 cosqur *drsin gdqgdj
oooe4\lpa a e 8pa 2a

= 03 g (yos Qsin’ qdqoxf—e adr

0
2
Do ¢g ' di dcosq- ising)dg=(sing+icosq).” =

0 0

b W, =0
Tich phan thu 11:

2pp ¥

W, = ¢y g*\;\/y 2dV = o0 "*\;Vy °r’drsinqdqdj

1 r
2a
(& sin qe

Véi: °*=
v pa »

r

r
—e 2ginge’

y (o]
’ 4\/ pa 2a
2pp ¥ e 1 é 1
W, = C\I‘I\Fi_e 2 ginge” ! ueFrcosqe——e 2 s1nqe urzdrsinqdqdj
000e4vpa’ u e4 pa’ 22

2p
= 011 (yosqsm qdq01—4 5 adr

sin* q _o
4

Do c‘yosqsin3 gdq=
0 0

b W, =0
Tich phén thu 12:

2pp ¥

W,, = c‘yg*\)\/y av = (‘I‘fyg*\}\/y °r’drsinqdqdj
\Y 000

1 ;
—e 2% sin qe
pa 2a

Véi: y¢ =
r

0= —ezasmqe

y
v 4x/pa
woo e 1 r Freosqe— L Lo i drsin gdad]
= Wz e 2 singe’” Lp rcosqe—2 e smqe ur rsinqdqd]
00084Vpa’ ~a O éd+/pa
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=- 0: 2 dj cyosqsm qdqol——e adr

4

Do cyosqsm gdq = r;q =0
0
p W34 =0
Tich phén thu 13:

2pp ¥

W, = d/“\z\’y °dV = c‘fﬁ/ \%’y °r*drsinqdqdj

Véi: y o =R,V = E’i- I %
1/8pa Zaﬂ
y 9 = e 26‘smqe
4 1/pa 2a
ZEP\¥\ é 1 r 2au € 1 r 2a ij 2
W, = 000 &—=¢l- ~ % ueFrcosqe——e singe ur dr sinqdqdi
coo ©v8pa®e 2ag Q &4 pa 2a g
2p
el dj cposqsin’ qdq S rory eFr dr
(()? G :g pa e 2a g2a
p .
Do (yosqsin’ q.dq:sm q’ =0
0 3 0
P W, =0
Tich phan thu 14:

2pp ¥

W42:(‘yj*\}\/y§dv OC °\}\/y§ ?dr sin qdqdj
\%

1 r -+

Véi: y§ = —e 2" cos(
’ \/8pa3 2a
yo = —e E smqe
) 4\/pa
2pp ¥ e é
W, =- O00R ! —e 2 s1nqe @Frcosqe;—e 2a cosqur drsquqdj
oooe4\/pa a &v8pa’ 2a a
2P P * eF ° °
=- ¢¢" dj ¢yos’ gsin® gdg¢ e *dr
04 i WG
. 2p 2
Do ¢g'dj ¢fcosq+ising)dg=(sing- icosq).’ =0
0 0
P W, =0

Tich phén thy 15:
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2pp ¥

W, = d/ 0*C\;\fy 9V = (‘ffy \2Vy r’drsinqdqdj

Véi: y ;= ! Le % singe’
pa’
0% 1 2r ij
y, = —e “smqe
pa 23.
T € 1 € 1 u
W, = CII) é——e 2 que u:Frcosqe——e 2 smqe“ ljr *drsin qdqdj
g4y pa’ a e4 pa’ 2a a
2p p 5 _r
=- ¥ di (yosqsm qdq eF r2 adr
0 6pa’
sin4 P
Do (‘):osqsin3q.dq: 9 -0
0 4 0
P W, =0
Tich phan thy 16:

2pp ¥

44:(‘)/j*\}\/yjdv 008 °\}\ly2 ?dr sin qdqdj
\Y

r

Véi: y§ =- L r, gsinqe'ij
4/pa’ 22
yz* =- 1 - ie_gsinqeﬂ
pa‘
2pp¥ & 1 é 1 u
W, = (‘1‘1‘337—6 2 singe’ usFrcosqe——e 2a smqe i ljr *drsin qdgdj
00064 pa 1] &4 pa 2a 1]

= 01] cyosqsm qdqol——e adr

‘4

p
Do (‘j:osqsingq.dq=SI 2 9 -0
0

0

P W,=0
Nhu vay, hé phuong trinh (4.2) trS thanh:

-E, -3¢Fa 0 0

-3¢Fa - E} 0 0
0 0 -E. 0
0 o 0 -E
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Dung phan phu dai sé, ta dugc:

-E} 0 0 -3¢Fa 0 0
-E!|0 -E! 0] -(-3Fa) 0 -E, 0 |=0
0 0 -E! 0 0 -E!
. - E! -E' 0
_ Ly_ 1 _ =
U ( E )( E ) 0 -E +(3eFa)( 3eFa) 0 -E
O (E)- (-3eFal(- B =0 (4.3)

bit X=(E') ta dugc phuong trinh tring phuong
X?- (3eFa)X =0

Ta giai phuong trinh
D=b?- 4ac=(3eFa)* - 0(3eFa)’

_ (3eFa)” - (3eFa)” _

b X, 0

2
2 2
b X, = (3eFa) ; (3eFa)® _ (3eFa)’
Vay phuong trinh (4.3) co nghiém kép la:
B =E% =0
Va E;, =3eFa

E’, =-3eFa

Ta thdy EJ bi tach thanh 3 muc 1a:
E21 = E22 = ECZ) +O: ECZ)
E,, =E) +3eFa
E,, =E) - 3eFa
Nhu vay muc ning lugng ndy van con suy bién bdi hai. Bay gid ta hdy
tim cac ham song tuong ung vdi cac muc ndng lugng trén.

2. Cac ham song tuong ling voi cac muc niang lugng:

Ham song tuong ung vdi nang lugng E, (i=1234) la vy, dudc
tinh béi gan ding bac khong theo cong thiic:
4
y, =acwy.

a=1
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Cac ham y?la da biét. Ta tinh C° tuong ting vdi cic sé hiéu chinh
E, (i=1234) .Nghia la thay cac gia tri E}. vao hé phuong trinh (4.1) ta
dudgc:
- EL.C’ - (3¢Fa)C =0
- (3eFa)C’ - EL.CS =0
-ELCY=0 4.4)
- E5C =0
Cu thay mot gia trj E}, vao hé phuong trinh (4.4) ta s€ tim dugc bd
C! tuong ung.
Ta hay tim cac ham song tuong ung vdéi cac mic ning lugng
E, =E,, =E;
*i=1. Thay E}, =E}, =0 vao phuong trinh (4.3) ta dugc:
- (3eFa)c? =0
- (3eFa)C® =0
=0
C =0
P C!=C)=0;,C},CJ chua xac dinh. Va ham song bay gi6é c¢o dang:
Yy, =y,=Cly;+Cly,
V6i hai ham y ,,y, 1a hai trang thdi ting véi ning liong ES nén moi
ham chi ¢ thé nhan mot trong hai ham y Shayy ¢.
Ta hay tim ham y , tuong ting véi muc nang lugng E,, =E) +3eFa.
* =2 thay E}, =3eFa vao phuong trinh (4.4) ta dugc:
- (3eFa)C’ - (3eFa)C? =0
- (3eFa)C’ - (3eFa)C? =0
- (3eFa)c? =0
- (3eFa)ct =0
P C)=-C);C)=C)=0
by, =Cly!-vy?)
Ap dung diéu kién chudn hoa:

. av=1
\'%

derfly - yofav=1
\%

SVTH: Nguyén Thi Nga 2 Trang 33



Ludn vdn t6t nghiép & GVHD: Nguyén Xudn Tic

1

/dyo - y(2’|2dV

Mady -y |dV (gy | +|y2 -2y°yOBjV

cl =

ZPP¥e 1 T ue

0,, 0 NN N '
y,dV = OO —,_¢ X cosque—af- % Zdur drsinqdqdj
0/1 ’ 0006 8pa 2a 0e 8|Oa e 2ag O
ror 5,
= osgsinqd - — 2f‘r dr
01](? g qqoéa Q 2ag2a

Do (‘yos gsinqdg=0
0
¢y ly>dv =0
A\

b) ~ /\? 4 A
Vi y !,y dachuin hod nén:

o fav=1 va gyfav=1
\' L \%

NG

Vay y, =%(y?- y?)

p C)=

r

r
-—- —cosq—

4\/p? 2a 2a o
Ta hay tim y , tuong Ung véi miic ning luong E,, = EJ - 3eFa .
* i=4. Thay E!, =(- 3eFa) vao phuong trinh (3.4) ta dugc:
(3eFa )C? - (3eFa )CY =0
- (3eFa )C? + (3eFa )C! = 0
(3eFa )C? =0
(3eFa )C¢ =0
b C)=Cl=0,C’=-C)
by, =Clly, +y.)
Ap dung diéu kién chudn hoa:
dy.fav =1
v

deifly, +yo[av=1
\'
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cy=

\Y%

Médy +y2|dV (gy | +|y |+2y0y EHV

A%

wP¥ g r = ué
y dV — AAZ _e COSque—ﬁ- ——:e ‘2 urzdrSIDQdeJ
0/1 ’ 00 0&v8pa’ 2a 0&v8pa’ e 200
ror 5,
= osqsinqd - — Zdr dr
GU(Y q ch)éaQ 2ag2a

p

=0

s .2

Do (‘yos gsinqdqg = s1112 9
0

0
P ¢y.y3dv=0
v
Viy®,y? di chuin hod nén:
dyf|2dv =1 va dy 2|2dV =1
\% \%

b C? =c(2) =L

NG

T .
- r r 0]
e zagi - —+—cosQ=+

Py, =yt eyl)= -
\/E 4@ e 2a 2a 17
Nhu vay ta da tim dugc bén ham séng y,.y,.,y,.y, tuong ting vSi bon
muc ning luong E,,E,,E,,E, va sy suy bién chi bj khii mét phan vi miic ning
lugng ban dau chi bi tdch thanh ba muc khac nhau.
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KET LUAN

Khi nguyén tii hydro vao trong dién trudng thi cé hién tugng mot sé vach
quang pho bi tach ra, diéu nay chiing té ¢ su tach miic ning luong. Hién tugng
nay goi la hiéu ung Stark.

Ning luong bi tach thanh ba muic la:

E,=E, =E{+0
E, =EJ +3¢eFa
E, =E) - 3¢Fa
Tuong ung vdi cac ham song:
Y=Y, :Cgé#Le 2 singe”’ +Cjé& ! e singe™
é4 pa3 23. 0 e 4 pa3 23 0
Y= 1 e'ggf- L. icosqg
4+/pa’ e 2a 2a a
Yi= 1 e'ﬂ(’qﬁ_ L+Lcosq9

4+/pa’ e 2a 2a @
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TAI LIEU THAM KHAO

1. Ding Quang Khang: Co hoc higng tif
NXB khoa hoc xa hoi va ky thuat Ha N§i-1996.
2. Pham Quy Tu: Co hoc lugng tii
NXB giao duc-1986.
3. Nguyén Xuan Tu: Gido trinh co hoc Iugng tii
DPai Hoc Can Tho-1999.
4. Vo thi Kim Loan: Nién luan co hoc ligng td.
5. Co hoc lugng tii
NXB Dai hoc va trung hoc chuyén ngiép
6. Co hoc lugng i va cdu tric nguyén ti

Tap I1 - NXB giao duc-1980.
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