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1. Ly do chon dé tai

Vat If hoc ra doi tir yéu cdu dugc tim hiéu va cai bién thé gidi clia con
ngudi. Qud trinh phét trién cia Vat 1i hoc trdi qua nhiéu giai doan thing
trim. Pén cudi thé ki XIX, nhiéu nha khoa hoc di xem su phat trién cla
Vat 1y hoc ( dua trén nén tang 1a Co hoc va Dién dong luc hoc) da dat t6i
dinh cao clia n6. Moi qui luat van dong cua thé gidi tu nhién c6 thé dugc
giai thich dua trén cac dinh luét cua Co hoc va Dién dong luc hoc. Tuy vay,
& thoi diém dé c¢6 mot s6 hién twong ma Vat Ii hoc chua tim dugc 161 giai
ddp thoa dang: su bifc xa ctia vit den tuyét doi, pho ctia nguyén tir Hydro,
cdc hiéu ung quang dién va két qua thi nghiém cua Maikenxon da phu nhan
sur chuyén dong cua éte doi voi Trai Pat. Kenvin goi day chi 1a "ddm may
den" trén bau troi xanh cua Vat 1i hoc, sém muon ciing sé duoc giai thich
bang hé thong vat 1y dugc xem 1a “da hoan thién” lic bdy gid. Tuy nhién,
nhiing nd luc nay déu thdt bai. Cidc nha khoa hoc goi day la su “khiung
hoadng cua vat Ii hoc”.

Di tim cau giai dap cho nhiing hién tugng néi trén, dau thé ky 20 mot
s6 nha vat 1y c6 tu tudng d6i méi da di tim hudng giai quyét khac do 1a xay
dung lai hé théng quan niém vé vat ly. Khdi xuéng cho tu tudng doi méi
nay 1a Planck da dé xuat gia thuyét luong tir clia nang lugng bic xa va
Einstein da dé xudt gia thuyét photon va cac tién dé vé khong-thoi gian.
Trén co s& d6 Bohr da xay dung mo hinh nguyén tir (con duogc goi 1a mo
hinh nguyén tir Bohr) dé giai thich su tao thanh céc vach phé clia nguyén tir

Hydro. Nhiing quan y tudng cdch mang d6 da lam nén tang cho hai hoc
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thuyét méi (vat 1y lugng tir va thuyét twong doi) - 1a co s& cta vat 1y hoc
hién dai ngay nay.

Du6i 4nh sang clia vat Iy hién dai thi nhitng bi 4n sau tham cla thé
giGi vi mo nhu cdu tric nguyén tir va phan tir da dugc kham pha. Ngay nay
viéc khdo sdt vé phd nguyén tlr va phan tir theo quan diém luong tir chi€ém
mot pham vi kha 16n va n6é duogc ting dung rong rai trong thuc t&€ cling nhu
trong nhiéu nganh khoa hoc ki thuat hién dai. Mot trong nhitng nganh ap
dung rong rii quang phé hoc d6 1a thién vin hién dai. Vat Ii thién van hién
dai dang st dung cdc phuong phdp quang va quang phé dé nghién ctiu
thanh phan nguyén t6, dodn nhan qud trinh dién bién cua thién thé hay cla
bau khi quyén bao quanh né. Nganh kho cé hoc ciing sit dung viéc phan
tich phé clia cdc nguyén tl, phan ti trong cdc nghién cttu cia minh. Cic
nha khoa hoc di dua vao su phan tich phé cuia céc chét phat ra dé tim tudi
tho cua nhitng mau vat thoi tién su, xac dinh céu tao cua vat chét ...

Mic du ¢6 vai tro rat 16n nhung thoi lugng giang day phé cta cdc
nguyén tir cho sinh vién hé dai hoc su pham Ia rét it. Vi vay, “céu tric phd
clia c4c nguyén tir mot dién tir" duoc ching toi chon lam dé tai nghién ciu
trong luan van tot nghiép clia minh dé m& rong von hiéu biét vé thé gidi vi
mo nay dong thoi dé phuc vu cho cong tic giang day vé sau.

2. Db6i tugng va pham vi nghién ciu

Dé tai chi tap trung nghién citu cau tric phd clia cidc nguyén tir mot
dién tr dén cap do cdu tric tinh té.
3. Muc dich nghién citu

Tim hiéu c4c cach mo ta nguyén tir mot dién tir tir don gian dén phitc
tap (nguyén tr theo 1y thuyét Bohr, nguyén tir theo 1y thuyét Schrodinger,
nguyeén tir khi xét dén cac hiéu tng tuong doi tinh) dé giai thich duoc su tao
thanh céc dich chuyén pho.

4. Phuong phap nghién ciu
Phuong phap ly thuyét: thu thap thong tin, tai liéu tir sich bao va

internet dé tim hiéu vé van dé nghién citu.
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5. B6 cuc deé tai
Ngoai cac phan m& dau va két, luan van dugc chia lam 3 chuong
Chuong 1: Trinh bay nguyén tir theo mo6 hinh Bohr va nhiing han ché
ctia mo hinh nay.
Chuong 2: Trinh bay cdc nguyén tr mot dién tir theo ly thuyét
Schrodinger. C4c khdi niém vé mic nang lugng, ham séng, phan bo
dién tlr trong nguyén tir dugc trinh bay trén co s giai phuong trinh
Schrodinger. Péng thoi, chuong ndy rit ra ciac quy tic dich chuyén
ph6 va nghiém lai dugc két qua theo 1y thuyét Bohr.
Chuong 3: Mo ta cic hiéu tng tuong doi tinh trong nguyén tu nhu
tuong tac spin-quy dao, su thudc khoi lugng dién tir vao van toc.
Nhitng hiéu tng nay dan dén su tach thanh cac mic nang lugng (do
do6 tdch thanh céc vach phd) so véi cau tric tho trong ly thuyét

Schrodinger.
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Chuong 1
Nguyén tir theo 1y thuyét Bohr

Dua trén nhitng thanh cong cua gia thuyét lugng tir Planck va thuyét
photon cua Einstein, nam 1913, chi hai nam sau khi Rutherford kham pha
ra su ton tai cia hat nhan trong nguyén tir, N.Bohr di dua ra mo hinh
nguyén tr hidré6 nhim khic phuc nhitng mau thuin cta mau hanh tinh
nguyén tu ctia Rutherford véi hai tién dé téo bao.

1.1. Céc tién dé Bohr
1.1.1. Tién d€ 1 (tién dé vé trang thai dirng clia nguyén tir)

Nguyén tir chi ton tai & nhiing frang thai dimg cé nang luong xac
dinh va gidn doan hop thanh mot chubi cac gia tri E,, E,, ..., E,. Trong trang
thdi dimg, electron trong nguyén tir khong biic xa niang lugng va chi chuyén
dong trén cac quy dao tron goi la quy dao luong tr c6 ban kinh thoa man
diéu kién sau day vé gia tri momen dong luong (di€u kién luong tlr héa cua
Bohr).

L=nmvr=rv: n=12,3,. (1.1)

) h _ . .
Vé6i h= P 1,05.10"*(Js) 12 hang s6 Planck riit gon.
T

1.1.2. Tién dé 2 (tién d¢ vé co ché phat xa va hap thu ctia nguyén tir)
Nguyén tir chi hip thu hay phat xa nang lugng dudi dang bitc xa dién
tr khi né chuyén tir trang thai dimg nay sang trang thai ding khac (ing véi
su chuyén cua dién tir tir quy dao lugng tir nay sang quy dao luong tir khac).
Tan s6 v, cua bic xa dién tir ma nguyén ti hap thu hoac phat xa
duoc xac dinh bing biéu thic:
_ [E, —E,|
-

Vé6i E;va E, 1a nang lugng tuong tng véi trang thai dau va cudi clia nguyén

Vik

(1.2)

tir. Ta c6 hai truong hop:
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E; - E, > 0: qua trinh phat xa.

E. - E, < 0: qud trinh hap thu.
Trén gian d6 niang luong ta c6 thé biéu dién qué trinh hap thu hoic biic xa
nhu trén hinh 1.1. Mdi dudng ndm ngang song song tuong trung mot miic
nang luong gidn doan cla trang thdi dimg cia nguyén ti. Su chuyén tir
trang thai ding nay sang trang thdi dimg khéc duoc bi€u dién bang mot miii

tén thang ding noi gifta hai mic nang luong.

Y Y Es
y'y Y E,
A 4 A 4 El

Haép thu Phat xa

Hinh 1.1. So d6 miic nang lugng cung cdc dich chuyén héap thu va phat xa.

Ta c6 nhan xét rang néu thira nhan hai tién dé cta Bohr thi duong
nhién cdc mau thuin cua méiu hanh tinh nguyén tr ciia Rutherford khong
con ton tai nita. Tir tién dé thi nhat, nguyén tir luon ludén bén viing & trang
thai dimg vi trong chuyén dong quanh hat nhan trén quy dao luong tur, dién
tlr khong buc xa nang lugng. Tur tién dé thi hai, su chuyén muc nang luong
mang tinh chat gian doan, do d6 nang lugng bic xa dién tir dugc hap thu
hay phdt xa thé hién qua tdn s6 biic xa ciling gidn doan va quang phé

nguyén tr phai 1a quang phd vach.
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1.2. Cac nguyeén tir mot dién tit theo 1y thuyét Bohr
1.2.1. Céac nguyén tir mot dién tir

Xét nguyén tir gom c6 mot dién tir chuyén dong xung quanh hat nhan
(c6 khoi lugng rét 16n so véi dién tir). Khi d6 dién tlir chuyén dong trén quy
dao tron quanh hat nhan chiu tic dung cua luc hit Coulomb tir hat nhan
dong vai tro luc huéng tam (b qua luc hap dan vi ¢6 bac vo cling nho). Dé
nguyén tr ton tai & trang thai dimg thi luc hudng tam phai can bang véi luc
li tam, nghia la :

Ke>  mv’

r? r

(K'1a hé s0 ty 1€ trong luc Coulumb). (1.3)

Nang luong ctia nguyén tir bao gom dong nang ctua dién tir va thé

nang tuong tic Coulomb cuia hé hat nhan - dién tu:

2 2
L +[‘Ke j (1.4)
2 r
Tu (1.3) ta suy ra:
mv?  Ke’
2 X

va thay vao (1.4) ta duoc:

Ke* Ke* -Ke’
2r r 2r

E= (1.5)

Nang lugng toan phan cé gia tri &m vi dong nang luén nho hon tri
tuyét doi cua thé nang hiit gitta hat nhan va dién tir d€ tao thanh nguyén tr
bén viing.

K&t hop hé thic (1.1) va (1.3) ta tim duoc cac gia tri gidn doan cla
ban kinh quy dao:

n’n?
~ Kme?

(1.6)

n

Béan kinh céc quy dao tang theo binh phuong cac s6 nguyén va chi
nhiing quy dao c6 ban kinh thoa man hé thic (1.6) méi la kha di. Pat gia

tri:

10
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n? 0
=2 ~052A (1.7)

dugc goi 1a ban kinh quy dao Bohr tht nhat. Cac quy dao ti€p theo s€ lan
luot ¢6 ban kinh 1, =4a,, r,=9a,, v.v...

Néu thay hé thic (1.6) vao (1.1), ta xac dinh dugc van toc tuong Gng
cta dién tir trén moi quy dao luong tir.

Ke?
vV, = e (1.8)

Van toc nay ti 1&é nghich véi cdc s6 nguyén n, suy ra khi ban kinh quy dao
cang 16n thi van t6c cta dién tir cang nhd va nguoc lai. Tuy nhién trén moi
quy dao, van toc luon khong doéi, diéu nay dam bao cho quy dao 1a 6n dinh
(vi th€ con goi 1a quy dao dimg), va nang luong khong thay doi, ding nhu
phat biéu cuia tién dé thit nhat ctia Bohr.

K&t hop cac cong thic (1.6) va (1.5), ta tim dugc hé thiic cho nang
luong trang thai dimg clia nguyén tu.

2.4
e N =123, (1.9)

Nhu vay, nguyén tir khong thé co moi gid tri nang luong tiy y ma no
chi nhan mot so gid tri xdc dinh theo cong thic (1.9). Cac s6 nguyén 1 dong
vai tro quyét dinh tinh chit gian doan (luong tr) ciia nang lugng nguyén tir
va duoc goi la so luong air chinh.

Ta c6 thé biéu dién két qua cu thé vé gid tri nang luong cua nguyén

tir hidr6 O trén bang so d6 miic nang lugng (hinh 1.2).

11
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E (eV)

0 n= o
-0,85 — _
-1,51 ay -

Day Brackett | " =
Paschen
34 AN n="2
Day
Balme
Day
Lyman
136 NARAAN n=1

Hinh 1.2. So do cdc miic nang Iwong ctia nguyén tir hidro va cdc dich chuyén pho.

Trén so d6, moi dudng nam ngang Gng v4i mot trang thai nang luong
kha di clia nguyén tir hidro. Theo quy uéc, dudng thap nhat biéu dién trang
thai co ban cua nguyén ti tng v6i n = 1, titc 1a gia tri nho nhat cia nang
luong nguyén tur hidro.

4
B, = g‘f — 21,7.10%(J)=-13,6(eV) .

Nhiing dudng nidm phia trén biéu dién céc trang thdi c6 nang lugng cao hon

duoc goi la cac trang théi kich thich.

12
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E
E,=—t=-34eV

4
El
E,= E =-151eV,vv...
Ta nhan thay khi nang luong cang cao thi khoang cach gilra cic mic cang
xit lai gan nhau. Pac biét khi n— o, ta ¢6 mic nang luong E, — 0 va goi
1a trang bi ion héa. Khi nguyén tir & trang thdi kich thich & thi né c6 thé

nhay vé trang thai 7 thdp hon dong thoi phét ra cdc vach phd ¢6 tan so :

E -E
V, = kh i (1.10)
Hoac duéi dang budc song:
2 4
1 K meg(iz_iz] (1.11)
Ay Armch® (0T ng

v6i n, >n; phi hop voi gid thiét & trén (E, >E, ).

Khi cdc dich chuyén tit 7, = 2, 3,4, 5, ... vé n,= 1 thi ta c6 day cic
vach Lyman c6 tan s6 nim trong mién tlr ngoai. Tuong tu, cdc dich chuyén
tr n, = 3, 4, 5,... vé n;= 2 tao thanh ddy Balmer c6 tdn s6 nam trong mién
nhin thay va tir ngoai. Céc dich chuyén nay dugc minh hoa trén hinh 1.2.

Nhu vay, bing céch stt dung cdc tién dé clia Bohr ta c6 thé dan ra
duoc cac s6 hang phd cho phép x4c dinh budc séng clia cac dich chuyén
trung véi cic gid tri da do dac thuc nghiém trude do.

Doi v6i cac nguyén tir mot dién khac (nhu D, T) hoac céc ion tuong
tu hidro (nhu He*, Li**, ...) ta hoan toan c6 thé van dung 1y thuyét Bohr nhu
da lam véi hydro bang céch thay dién tich hat nhan 1a z|¢. Di¢u nay dan
dén két qua ban kinh quy dao cua dién tir s€ nho hon Z lan vi dién ti chiu
luc hit tir phia hat nhan tang thém Z lan. Lap lai cac phép tinh tuong tu d6i
v6i nguyeén tr hidro, ta s& dé dang tim dugc céc cong thic cé dang (1.6),
(1.8) va (1.9):

n’h’
" Kzme?’

(1.12)

13
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Kze?

Vv, = g (1.13)
K?me*z?

En:—W. (114)

1.3. Két luan

Xuat phat tir hai tién dé co ban, thuyét Bohr da tinh todn duoc cau
tric pho clia nguyén tir hidrd va cic nguyén tir mot dién tlr, da giai thich
duoc quy luat thuc nghiém cta céc day quang phé hidro. Su phi hop nay
cho thay chi ¢6 thé giai thich cau tric nguyén tir bing quan diém lugng ti.
Nhung khac véi Planck va Einstein ma y tudng lugng tir chi 4p dung cho
btic xa dién tir - anh sang, thuyét Bohr da mang theo né nhiing nhan t6 méi
chua ting gap trong vat ly c6 dién, néi bat nhat 1a quan diém luong tir vé
nang luong cliia nguyén tu.

Tuy nhién bén canh nhiing thanh cong rd rét, thuyét Bohr ciing boc 10
nhitng thi€u s6t va han ché. Thuyét Bohr duoc van dung thanh cong dé giai
thich quy luat clia quang phé cua nguyén tir hidro nhung nhiéu dic trung
quan trong khac ctia phé nhu cudng do va bé rong cuia cac vach pho, nhat 1a
céu tric tinh t&€ clia vach phd thi 1y thuyét Bohr khong dé cap dén va ciing
khong giai quyét dugc. Ngoai cac kho khan gap phai khi mo ta cac tinh chat
clia nguyén tir hidro, thuyét Bohr ciling khong thé 4p dung dé giai thich va
tinh todn cau tric cta cdc nguyén tir phic tap tic 1a cdc nguyén tir ¢6 nhiéu
dién tr.

Nhugc di€ém co ban bao trum cua thuyét Bohr 1a tinh khong nhat
quan. Cac khai niém ¢6 dién va lugng tir mau thuin vé6i nhau lai dugc dung
mot cdch dong thoi, chang han dién tit chuyén dong theo quy dao tron, theo
céc dinh luat clia vat 1y c6 dién phai biic xa séng dién tir trong khi cdc tién
dé ctia Bohr lai phu nhan. Nhitng quy tic luong tir (nhu diéu kién luong tir
héa vé momen dong luong cua dién tir trong nguyén tir) duoc gan cho mo
hinh c6 dién (chuyén dong cua dién tir trén quj dao) ma khong theo mot

lién hé logic nao ca. Tat ca nhiing thi€u s6t d6 tat yéu dan t6i su mau thuin

14
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va bé tic khong thé ti€p tuc phat trién 1y thuyét dugc. Mic di sau d6 thuyét
Bohr dugc Somerfeld b6 sung dé c¢6 tinh khdi quat cao hon (quy dao cta
dién tir trong nguyén tr c6 dang chung la elip, cac trang thai nguyén tlr cd
hién tugng suy bién vé€ niang luong v.v...), nhung cudi cling né van that bai
vi khong giai dap dugc mot céach triet dé toan bo cdc van dé cua cau tric
nguyén ti, dac biét 1a bai todn tong quit nguyén tir c6 nhiéu dién tr. D6
chinh Ia tién d€ cha su ra doi cta co hoc luong tir, nén tang ctia mot 1y
thuyét hoan toan méi ¢6 kha nang giai quyét ding dan va chinh xdc moi
hién tuong va quy luét cua th€ giGi vi mo xay ra bén trong nguyén tl, phan
tir va hat nhan.

Maic du chi ¢6 gid tri lich st tam thoi va ton tai khong lau, thuyét
Bohr vé6i nhiing y tudng cach mang va thanh cong doc ddo ctia minh van
xitng d4ng dugc coi 1a chiéc cau noi khong thé thi€u dugc clia hai giai doan
phat trién ctia vat Iy hoc. N6 ddnh d4u su chuyén ti€p tir vat 1y c¢6 dién sang
vat 1y lugng tir, gitp ta budc dau hi€u va ti€p thu cac khai niém "khong binh

thuong" ctia co hoc lugng tu.

15
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Chuong 2
Cac nguyén tir mot dién tit theo 1i thuyét Schr odinger

Trong co hoc lugng tir, trang thdi ciia mot hat duoc mo ta bang ham
séng con cac bién s6 dong luc nhu van téc, xung lugng va nang lugng s€
duoc mo ta thong qua cdc todn tir hermite tuong tng. Su thay doi trang thai
cta hé trong khong thoi gian dugc mo ta theo phuong trinh Schrédinger -
twong tu nhu phuong trinh dinh luat 2 Newton trong co hoc ¢ dién. Vi vay,
dé biét thong tin vé trang thdi ctia hé ching ta cin giai phuong trinh
SchrOdinger.
2.1. Phuong trinh Schrddinger cho nguyén tit mot dién tir

Xét hé nguyén tir c6 mot dién tir (c6 dién tich — e va khoi luong m,)
chuyén dong xung quanh hat nhan c6 dién tich Ze. Thé ning tuong tic
Coulomb gitra dién tich nay v6i hat nhan:

zZe?
(4rme,)r

V(r)=- (2.1)

v6i rla khoang céach gitra dién tir va hat nhan.
Dé viét phuong trinh Schrodinger cho hé ta x4c dinh Hamiltonian
bing céach thuc hién phép chuyén tir biéu thic dong niang c6 dién sang todn

ti dong nang. Theo nguyén 1y tuong tng, Hamiltonian cua hé dugc viét:

P +V(r) 2.2)
2m,
véi
P=ihV. (2.3)

Khi d6 phuong trinh Schrédinger cta hat ¢6 dang:

_h Ve Ze?
2m, (4rey)r

}v//(f)zEl//(r). (2.4)
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Do tinh d6i xiing cdu cta thé nang W(r) nén dé tién lgi cho viéc giai
phuong trinh (2.4) chiing ta chon hé toa do ciu (r,6,¢). Truc hét ta biéu

dién todn tir V? trong toa do cau:
Pened (D)2 L0 (g, L0
reor or) r°|sn@ ol 00) 9n“6op
va dat
S N Y FVRE T R
’ sinf oo 00 ) sn“0dp
Tir d6 biéu thiic ctia todn tir Hamiltonian trong toa do cdu trd thanh:
2
He-l %ﬁ(r2£j+%Ae +V (r)
2m,(r*or or) r° 7

2 "2
=—h—i2ﬁ(r2£}r L (H(f) +V(r). (2.5)
2m, reor\  or 2m,r

Khi bién déi biéu thic trén ta da ding cong thifc cia todn tir binh

phuong momen dong luong trong toa do cau:
L? =—h%A,,. (2.6)
Ham séng trong toa do cau dugc viét nhu la tich ctia hai ham:

Vam(r.0,0) = Ry (r)Y(0.0). (2.7)
v6i Y,"(8,¢) 1a ham céu tuong ting vé6i s6 lugng tir momen quy dao | va s6
luong tr tt m (m=-I,-1+1...,0,...,| -11). Con R,(r) 1a ham chi phu thuoc
vao ban kinh r. Thay (2.7) vao (2.4) va su dung toan tor Hamiltonian trong

toa do cau, phuong trinh Schrodinger lic d6 trd thanh:

{‘;_m%(“%*zim+V(r>}&.(r>w<e,¢)= ca(OYT(00)  23)

Hai todn tt H va L[? giao hodn vé6i nhau nén chiing c6 chung ham
rieng ¥, (r,0,9). Cho L2 tic dung 1én Y(6,¢), sau dé don gian Y"(6,¢) &

hai vé ta duoc:

W 10(,0) MI(+])  ze )
{ Zmerzar(r arj+ 2m,r? (47rgo)r}R”'(r)_ nnl)- (2.9)
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Phuong trinh (2.9) goi la phuong trinh Schrodinger theo ban kinh.
Giai phuong trinh nay ta tim dugc R,(r), tr d6 tim dugc ham séng
¥,.(r,0,9) cua trang thdi c6 nang luong E,. Ba s6 nguyén n,|, m goi 1a ba
s0 luong tir dac trung cho trang thai ma ta xét.
2.2. Giai phuong trinh Schrédinger

Dé don gian hon cho viéc giai phuong trinh (2.9) chdng ta dua vao

ham m&i:
Uy (1) = 1R, () (2.10)
va thay vao phuong trinh (2.9) ta dugc:
d’u, 2m
At B Ve () =0 2.11)

(vi u, chi phu thudc r nén c6 thé thay dao ham riéng ai bing dao ham
r

thuong). Trong do:

ze? (1 +1)n?
Ve (1) ===+ (Zmer)z (2.12)

duoc goi 1a thé nang hiéu dung, bao géom th€ Coulomb cong véi thé li tam.

Ta gi4 thiét ring khi r -0 thi V(r)—>w cham hon ~ (dé dién tir
r

khong roi vao hat nhan), nghia 14 r?V(r)— 0 khi r > 0. Khi d6 ham séng
R, (r) hitu han trong toan bo khong gian ké ca diém r =0. Do d6 ham séng
u, =R, (r) phai bang 0 khi r =0.
u,(0)=0. (2.13)
Nhu vay bai todn giai phuong trinh Schrodinger cho hat chuyén dong
trong trudong th€ da duogc don gian vé bai todn chuyén dong mot chiéu trén
nlta duong thang vé6i thé nang hiéu dung V., va diéu kién bién (2.13).
Trudc hét ta tim nghiém cua phuong trinh (2.11) v6i r nho. Khi dé

phuong trinh (2.11) s€ trd thanh:
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i(rz—dR”' (r)]—l(l +)R,(r)=0 (2.14)
dr r
Ta tim nghiém dudi dang:

R, (r)=r®.const. (2.15)

Thay (2.15) vao (2.14) ta duoc:
s+1)rs.const-I(I +2)r*.const=0
hay la
s(s+1)=1(+1). (2.16)

C6 hai gia tri cua s (s= /va s= -/ -1) cung théa man phuong trinh trén.Tuy
nhién gia tri thi hai khong théa man di€u kién bién vi né dan t6i nghiém
R,(r)— o khi r 0. Vaytaco R, (r)~r'.const khi r — 0.

Do6i voi truong hop r 16n, ta xét chuyén dong cua dién tir lic chua bi
ion héa trong nguyén tu hidro, tic 1a xét trang thai lién két c6 nang lugng
am E,<0.

Ta dua vao bién s6 madi

1/2
pz(_Sn;lefn) ' 2.17)
va
Ze2 rne 1/2
A = - . :
S an @1

Khi d6 phuong trinh (1.25) tré thanh:
2
{d__'('+1)+ﬁ_l}um(p):o (2.19)

Truong hop nay ta xét v6i r 16n, tic 1a v6i p 16n, khi d6 phuong trinh

(2.19) gan ding la:

[d(if -ﬂ U, (p)=0. (2.20)

Giai phuong trinh nay ta tim dugc hai nghiém doc lap
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unI (10) ~ ep/Z
unI (10) ~ e—ﬂ/2

Nghiém u, (p)~e’’? khong thoa man vi né tién t6i vo cliing khi p — o, vay
ta chi dung dugc nghiém u,(p)~e*'?, d6 1a dang tiém can cta R,(p).

Két hgp v6i phan trén khi r -0 thi R,(p)~ p'.const, ta c6 thé tim
nghiém khi r hitu han duéi dang:

R, (p)=p'e""?v,(p) (2.21)
trong d6 V, (p) 1a ham s& lien két Laguerre. Ham ndy phéi hitu han khi
r -0, vakhi r — oo thi dan t6i vo cing cham hon da thiic cta p.

Thay biéu thic trén vao phuong trinh (2.19) ta ¢ phuong trinh cho

Vo (p) :

P d*v,, Sp) +(2+2-p) v (o) +(4, =1 =1v, (p)=0. (2.22)
dp dp

Ta tim nghiém cta phuong trinh (2.22) duéi dang chudi:
Va(p)=S cp*, G #0 (2.23)
k=0

Thay (2.23) vao (2.22) ta duoc:

0

Z[ k(k—1)c, 0" +(2 +2- plke p** +(4, —I 1)Ckp] 0
k=0
hay
i k(k+21)+ (21 + 2)(k +1)}c,,, + (4, -1 =1-k)c }p* =0 (2.24)

Céc hé s0 clia p* phai bang khong, tir d6 ta suy ra cong thic truy
todn doi véi cdc hé s6 ¢, ciia chudi (2.23)

K+1+1-4,

St = ek 2 +2) (2.25)

Dé thoa man diéu kién gidi noi d6i véi v, (p) thi chudi phai ngét lai & s6
hang bac p nao do, tiic 1a cdc hé s6 tir ¢,,, trd di déu bang khong:
p+l+1-4,=0.

trong d6 p 1a mot s6 nguyén duong hodc bang khong.
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Nhu vay A, phai 1a mot s6 duong, ta ki hiéu la n:

A, =n=1+1+p=>1+1 (2.26)

Tu d6 ta c6 nang lugng cua dién tu trong nguyén tu hidro:

2.4
E - —% . 2.27)
trong d6 n la s6 nguyén duong: n = 1,2,3,...

Theo cong thic (2.27) thi nang luong gian doan va ti 1& nghich véi
binh phuong cic s6 nguyén. Tinh gian doan cua nang lugng chinh 1a hé qua
clia yéu cau vé hitu han déi véi ham séng & vo cuc.

2.3. Cé4c s0 lugng tir

Ba s6 nguyén n,|,m xac dinh mot ham riéng v, (r,6,¢) duy nhat,
goi la ba s0 lugng tur, trong d6 n duogc goi 1a so lugng tr chinh, né cé gia tri
nguyén duong 1, 2, 3, ...va dac trung cho mic nang luong. Gia tri cia nang
lugng phu thudc vao n theo cong thic (2.27). S6 lugng tlir | dugc goi 1a s6
luong tlr quy dao, tng v6i mot gid tri da cho clia n thi | ¢6 thé c6 nhiing gid
tri0, 1,2, ..., n - 1 (nghia la c6 2m+1 gia tri cua /). SO lugng tir quy dao xac
dinh do 16n ctia mémen dong luong L = ,/I(1 +1)z. S6 lugng tr m dugc goi 1a
so lugng tir tir, ting véi mot gid tri da cho ctia | thi m ¢6 thé c6 nhitng gia tri
lugng tir (nghia la c6 241 gid tri cta m). SO luong tir tir xac dinh hinh chiéu
cia momen dong luong lén mot truc lugng tir (thuong chon la truc z):
L, =mh.

B0 ba sO lugng tit (n, /, m) xac dinh trang thai cua hé. Tuy nhién,
trong pho hoc nguyén tir ngudi ta thudng ding / dé€ ky hiéu trang thdi dién
tir twong tng vai cac chit cdi s, p, d. ... nhu sau:

gid tri cua |: 0O 1 2 3 45 7 ..

1111111

kihiéutrangthdi s p d f g h 1 ..

con gia tri cua n thi duoc viét trude cac ky hiéu trang thai, vi du: 1s, 2p...
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Theo cong thic (2.27) thi nang luong chi phu thudc vao n ma khong
phu thuoc vao /va m nén s€ cé nhiéu trang thdi khac nhau tng vdi cling
mot gid tri nang luogng E,, nghia la cic muc nang lugng bi suy bién. Ta hay
tinh xem c6 bao nhiéu trang thai ting véi cuing mot muc nang luong E,. Tuc
la tinh xem Gng v6i mot gia tri 72 clia s6 luong tir chinh ¢6 bao nhiéu bd gia
tri n, I, m khac nhau.

V6i mot gia tri cua | thi cd 21 +1 gia tri khac nhau cua m, tdc 1a c6
2 +1 trang thai khiac nhau. Véi nhiing gid tri cia | tir 0 dén n-1 thi s6

trang thai la:

=}
L

(21 +1)=n?

1l
o

Vay so trang thai c6 cung mot gia tri nang luong E, 1a n?, tic la suy
bién v6i do boi 1a 7.
2.4. Cac miftc nang luong

Thay cac gié tri cia cdc hang s6 e, m,/ vao cong thic (2.27) ta cé

thé tinh duoc cdc mic nang luong clia hé:

2.4 2
F=-—TC ___ RZ (2.28)
2(4re,) h°n n
V61
__me
2(4ng,)" 1

Chi ¥ rang cic trang thdi c6 cung mot gid tri cia n va ¢6 | khac
nhau thi c¢6 chung gia tri nang luong (su suy bién).

Xét cho nguyén tir hydro (Z=1), ting v6i n=1 nang luogng c6 gia tri

thap nhat:
E =-136eV.
A i
-0,85 4
_1’5,1 3 s 3p 22 3a
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Hinh 2.1. So d6 cdc muc nang lugng ctia nguyén tir hidro.

Khi n cang tang thi khoang cach & hai muc nang lugng canh nhau cang bé.
Dic biét khi n— oo thi E, » 0. O mién nang luong £ > 0 thi nang luong
lién tuc, d6 la cac gid tri nang lugng Ung vdGi trang thai dién to & ngoai
nguyén tir (xa hat nhan dé€n mic nang lugng cta truong luc tinh dién khong
dang ké, dién tir chuyén dong tu do). Gi4 tri tuyét d6i ciia miic nang luong
thap nhat cho ta biét nang luong i6n héa 7 cta nguyén tu hidro. Nang luong
nay bing cong can thi€t dé dua dién tir tir trang thdi lién két c6 nang luong
thap nhat £ ra ngoai nguyén tu, tic 1a dén trang thai ion héa (Hinh 2.1).

Khi nguyén tir chuyén tir trang thai c6 ning luong E, vé trang thai c6
nang luong E, thap hon thi né phat ra bitc xa c6 tin s6 goc 1a » thda man
hé thic: ho=E, - E,..

Dua vao biéu thic ciia niang luong (2.27) ta c6 thé tinh dugc tin s6

goc o cua buc xa:

w = —(—Iz—?j, (n'<n). (2.29)
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Hoac dudi dang tan s v cua bic xa:

w R 1 1
hz#zaﬁfﬁﬁ’ (2.30)

trong d6 R'= % =E dugc goi 1a hang s6 Rydberg.

Day Lyman ting v6i su chuyén tir cac miic c6 n> 2 vé mic ¢6 n'=1:

R 1
w:_(l__zj, n-23.
fi n

Trong day nay vach dau tién (c6 budc song dai nhat) ting v6i n=2:

0
2= _121568A
w

Day Balmer ting v6i su chuyén tir cdc mitc ¢6 n>3 vé miic ¢ n'=2:

b R(ALLY
A\d n

Cong thiic nay do Balmer xac 1ap nam 1885 bang thuc nghiém trudc
khi c6 1y thuyét Bohr va co hoc lugng tir.

Day Paschen ting v6i su chuyén tir cdc mic ¢6 n> 4 vé mic c6 n'=3:

a)=E E—i , nh= 4,5,
A\9 n?

V6i cac nguyén tr mot dién tir hoac ion tuong tu hydro, cong thic
(2.28) cho thdy cdc mic nang lugng ciing duoc sap x&p nhu doi véi hydro
nhung cic vach phé dich chuyén s& bi dich vé mién c6 buéc séng ngin hon
(vi nang luong 16n gap Z* 1an so vdi hidro).

2.5. Ham séng va su phan bé dién tir
Nhu da trinh bay trén day, ham séng ctia hé duoc viét:
Van(r,0,0)= R, (r)Y"(6,0), (2.31)

trong d6 thanh phan xuyén tam R, (r) duoc xéc dinh boi cong thie (2.21):

Ry (p)=p'e""v, (),
v6i v, la nghiém cla phuong trinh (2.22)- con goi l1a phuong trinh trinh

Laguerre. Nghiém v, 1a cac da thitc Laguerre lién dé6i, n6 c6 dang:
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Vi (p)= Ny L7 (p). (2.32)

nl =n+l

trong dé L2:*(p) duoc cho boi:

n+l

)5y e 23

n =n—I-1, N, 1a hé s6 chuén hoa.

St dung bang tra cttu cac da thitc Laguerre lién déi ta tim duoc phan ham

song phu thuoc ban kinh R (). Trong bang 1 1a mot s6 ham R (r) dau tién.
Béng 2.1. Mot s6 ham R, (r) dau tién.

Ham séng R, (r)

n I

1 0 2N, e

2 0 2N, (1~ x)

2 1 2 Ly

ﬁNﬂe X
3 0 2N30ex(1— 2x+§x2j
2 =

3 1 5\/§N31e x(2-x)

3 2 4 —Xy,2
—=N,e "X
3 (10 32

Ham cau Y"(6,¢) duoc xéc dinh dua cdc phuong trinh tri riéng :
LY"(6,0)=1(1 +D5*Y"(6,0) (2.34)
LY"(0.0)=iY,"(0.0) (2.35)

Tu phuong trinh (2.35) ta c6:
Y"(6,0)=K (@)™ (2.36)
Thay (2.36) vao (2.34) ta c6:

m 2
1 digned M K1+ K" =0 (2.37)
sing do do sin“ ¢

Dat: x=cosé, phuong trinh (2.37) duoc dua vé:

2

2 m m
247K, 9K +[|(|+1)_1m }qn:o (2.38)

-x) X dx

_X2
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Phuong trinh (2.38) la phuong trinh Legendre lién két. Nghiém K"
chinh la da thic lién két Legendre v6i bién s 1a cosd .
K™(x)= R™(cosé), (2.39)
Y™ (6,¢)= const.P™(cos @)™ (2.40)
trong d6 P™(cos#) la da thiic lién két Legendre:

P (cosd) = (1- cos® 0)"™"? %ﬁsj)

St dung cong thiic cho da thitc Legendre ta c6 thé tim dugc ham cdu mo ta
phéan phu thudc bién s géc cua hé. Mot s6 ham cau dau tién duge trinh bay
6 bang 2.2.

Bang 2.2: Mot s6 gid tri ctia ham cau Y"(6,¢)

| m Gid tri ham cdu Y(6,¢)
0 0 1
Jar
1 -1 / _
isine.e"w
8r
1 0
icos@
JT
1 +1 _
- isiné?.e"”
7T
2 -2
Esmz@.e‘z'“’
32
2 -1
Ecos:9sin6’e 7
T
2 0
> (3cos 0— 1)
167
2 1 .
- Ecos¢9sin9.e'¢’
7T
2 2
15 — din?0.e*
32
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V6i cac ham theo ban kinh va ham cau da duoc xac dinh ta thu dugc ham
song toan phan ctia h¢. Mot s6 ham séng tng véi cac gid tri dau tién cla
cac so luong tir (1, Z, m) dugc tinh trén bang 2.3.

Bang 2.3: Mot s6 gia tri clia ham séng v ,,.(r,6,9).

n I m Gia tri ham séng v, (r,0,0)
I 0]o0 %(E]sfze_m
7\ 8
2 100 1 (Ejslz(Z_Zr ]ez”z%
42r | & a
2 1 O 3/2
12 (é} 2 712 50
4’\1 7T
3/2
2 1 * 1 %(é) %e_zruaﬂ S-ngleiiqﬂ
T

Theo co hoc lugng tir, séng mo ta trang thdi ctia hé ta thong tin vé x4c sudt
tim thay dién tr trong khong gian theo cong thiic:

W(r,0,0) = |y a1, 0,0) (241)
Vi vay, xdc sudt dé tim thay dién tir trong phén tir thé tich c6 toa do trong

khoang[(r — r+dr),(6, 0 - db),(p > +dp)] 1a:

AW(r,0,0) =W (r.0.0)[ ridrsingdgde

= NnZIRf,(r)rzdr‘Y[“(H,(p)‘zsinedﬁd(o. (2.42)

Tur day ta c6 thé thay phan b6 x4c suat tim thdy dién tir trong khoang cach
tu r dén r +dr la:

T 2

dw(r):Nf,Rﬁ(r)rzdr.f”Yl’“(e,q))‘zsinedﬁdgo. (2.43)

O trang thai co ban (ng v6i n=1,1 =0, m=0) thi phan b& xdc sudt ndy trd

thanh;
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3
Z 2Zr
awl(r)=4 — exp(—Jrzdr (2.44)
04 %
Goi p(r) 1a mat do xdc sut, ta co:
3
p(r)= dr) _ A(ZJ exp[—zzrjr2 (2.45)
dr a, a,
trong do:
 Azegh?
-2

Ham mat do nay c6 gid tri cuc dai khi r = a,= 0,529.10%cm va c6 dang
nhu trén hinh 2.2.

p(l’) A

r

Hinh 2.3. Phan b6 mat do xac suét cta dién tir theo khoang cach 6 trang thai dién

tu thap nhat (trang thai co ban).

Véi két qua thu dugc & trén ta thdy riang, khi nguyén tir & trang thai
co ban thi ban kinh ma & d6 xac sudt tim thay dién tir 16n nhat trung véi ban
kinh qu§ dao Bohr quy dao Bohr thit nhat. Lap luan twong tu ta ¢6 thé thay
su phu hop gitta két qua ridt ra 1y thuyét Bohr v6i két qua thu dugc theo 1y
thuyé&t Schrodinger cho cac trang thai s ti€p theo (nghia la cho 2s, 35, 4s...).
Dang ctia cdc ham séng nay duoc mo ta nhu trén hinh 2.3. Diém dac biét

cla cdc trang thai s nay la dién t&r phan b6 doi xing cau quanh hat nhan.
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Vi céc trang thai khac thi sy phan bg dién tir trong khong gian s€ ¢6 hinh

dang khéc. Trén hinh 2.4 1a minh hoa cho phan bo dién tir & trang thai 2p.

) 2 2
W=y P=2g =g

P e X/\\/
r e T r I i | . S ) ¥ o—— \_/x_.-a— ——r

—

)

0 \@

(a) ls (b) 25

{c) 3s

Hinh 2.3. Su phan b6 dién tr & cac trang thai 1s (a), 2s (b) va 3s(c) trong khong gian.

#a

(a) (b) (©)
Hinh 2.4. Su phan bo dién tir & cdc trang thai 2p trong khong gian theo: ban kinh (a),

trong mat phang xz, va trong khong gian.

2.7. Xét dén chuyén dong clia kh6i tam
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Ta di xem nhu hat nhan clia nguyén tir ding yén, dién titr chuyén
dong xung quanh dudi tic dung cta luc xuyén tam hudéng vé hat nhan. Thuc
t€ thi hat nhan va dién tir 1a mot hé hai hat tuong tac. Néu khong c6 ngoai
luc tac dung 1én hé thi theo co hoc ¢6 dién, khoi tAm cua hé ding yén (hodc
chuyén dong thang déu), dién tlr va ca hat nhan chuyén dong xung quanh
khoi tam giong nhu mot hat ¢6 khoi luong bang khoi lugng rit gon cta ca
hé. Hat nay chiu tic dung cta luc tuong tac, va cach khoi tam mot doan
bang khoang cach gitta hai hat thuc ma ta xét.

Ta s€ chiing minh két qua tuong tu trong co hoc lugng tu. Goi m, X,
¥y, Z; 12 khoi lugng va toa do cua hat thd nhat ; con m,, x,, y,, 2 la khoi
luong va toa do clia hat thit hai. Thé nang twong tic gifta hai hat 1a V(F;,T,).
Ham s6 s6ng ctia hé hai hat phu thudc vao toa do clia ca hai hat w(F,,T,).
Toan tlr nang lugng cua hé:

B2, K

qum—aav@—vmjy (2.47)

ﬁ(rl’ Fz): -

trong d6
o> o0* 0°
V(21) =zt a2zt 52
ol oy o
, 02 0% 0°

Vi = + +
DT o aE

Phuong trinh tri riéng cuia nang luong la:
HEE W (. F)=Ey(R.F) (2.48)
Goi M 14 khéi luong ctia he, R(X,Y,Z) 1a vecto tir goc toa do dén
khai tam cta he, (X, y,z) 1a vecto tir hat thtt hai dén hat thit nhat (coi nhu

chat diém). Ta sé cé:

M=m+m,
MR=mf; + m,F,
F=F-F,

Ta bién déi c4dc dao ham:
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0 _xo Xo_0o . ma

Oox, 0% OX 0x X Ox M oX

OX, OX, OX OX, OX 8

oX

0 6X8+8X8 ﬂ&
M

0

va cling tuong tu nhu thé doi v6i —,— £

o 0
oy, 0y,

2
Pt
Tur d6 suy ra:

1 1 1 1
—V(Zl) +—V(22) = ZV(Z',) +MV(2R) (2.49)

m, m,

trong d6 x 1a khéi lugng rit gon cua hé.

mm,

‘L[ =
m +m,
Ta c6 thé biéu dién ham séng theo cic bién s6 méi: y/(F, ﬁ)

Phuong trinh tri Schrodinger dugc viét thanh:

32 2 - -
{%me _Z_ﬂvﬁ) +v(r*)}//(r, R)=Ey(r,R) (2.50)

Str dung phuong phap tach bién s6
w(r.R)=1(7)o(R) (2.51)
da dua phuong trinh (2.50) tré thanh:

—ivfmg(ﬁ) {— Z;V<)+V( )}f( )

f(F)

S6 hang thit nhat & v€ trdi chi phu thudéc R, con s6 hang thit hai chi

_E (2.52)

phu thudc 7. Muén cho téng cta chiing khong déi (khi R va r bién thién
doc 1ap) thi moi s6 hang phai 12 mot hang s6 ma ta ki hiéu tuong ting 1a £
va E,. Khi d6 phuong trinh trén tich ra thanh hai phuong trinh:

- ViaolR)=E.0lR) 53
{—ﬁv() v(r)}(r):Ezf(r) (2.54)
2u
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Phuong trinh (2.53) chiing t6 khoi tam clia hé chuyén dong nhu mot
hat tu do ¢6 khoi lugng M, con phuong trinh (2.54) twong duong véi phuong
trinh Schrodinger cho mot hat c6 khéi lugng x chuyén dong duéi tic dung
cta luc c6 the nang V(r). Nang luong £ clia hé bing téng nang lugng E,
cta chuyén dong cua khéi tam va nang luong E, cua chuyén dong tuong
d6i. Trong pho hoc ta thudng chi quan tam t6i nang luong £, vi né cho cac
thong tin vé vi tri twong d6i gilta cdc mic nang luong dién tir trong nguyén
tl. Vi vay, khi tinh dén chuyén dong ctia hat nhan ta phai thay m, bing khoi

luong rit gon cua hé u:

m
="M (2.55)
m, +m,
v6i m, 1a khoi luong cua hat nhan.
Khi d6 gia tri nang lugng dugc viét lai:
2
1(ze?) u
Ey==5= P
2n°\ 4re, ) h
B e’ H Z°
(47, )a, m2n?
e Z°
L 2.56
(47ey)a,, 2n? (2.56)
Arre h? . Are h’
trong d6 8, = —<%" 1a bén kinh Bohr thit nhat, con a, :“T‘gzﬂ.
[ U
Chiing ta cling c6 thé viét:
Z 2
E,= -% et noz‘) . (2.57)

2

12 hang s6 céu tric tinh té.
(47, Jnc

Trong d6 a =

2.8. C4c gia tri trung binh
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Str dung cong thitc ham séng dd chudn héa v, (r) ta c6 thé tinh duoc
gia tri trung binh cua cac bién s6 dong luc theo dinh nghia ctua co hoc lugng
tir. O day ta xét dén gid tri trung binh ctia khoang cdch rva cdc liy thira cia
né & cac trang thai dién tir khac nhau.

Khi nguyén tu & trang thai co ban (n, /, m) = (1, 0, 0):

< >100 <',V100| |')V100>

Nhu da trinh bay & phan truée, ham séng & trang thai co ban duoc viét:
3 1/2
100 —| 3 L
e, a,

<I’ >1oo = J.I/IIOO (I’ )l’ l//loo(r )df

:.H://loo(r)‘zrdf

Do do:

3

7zZa Irgexp[

3
i

)drjsm&d&_[d

y 0

3a

(Mo = - (2.58)

Trong truong hop tong quét véi ham séng w,,,(F) gid tri trung binh
c6 thé tinh theo cong thic:

r>nlm = J-l//;lm(r)r l/jnlm(F)dF

= [IRy (r)[ ridr . (2.59)

Stt dung ham phu thudc rda chuidn héa R, (r) ta tim duoc:

(r), = aﬂTnz{n%[l—M} (2.60)

n

Cong thiic (2.60) c6 thé dugc st dung dé tinh "ban kinh" ()  cla nguyén

tlr & trang thai bat ky. Ta nhan thdy rang kich thuéc clia hé nguyeén tir ti 1¢

nghich v6i Zva ti 1é thuan véi 7.
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Béng cach tuong tu ta tinh duoc gid tri trung binh cho céc liy thira
quan trong cta rnhu sau:

()i =52 {1+2[1 - }} (2.61)

() {1+£{1—%(%—%(I L2 _1)j+i4(| L2+ 110 _1)} (2.62)

8 n 9n

> __Z (2.63)

ENJ . 20

a’n*(l+1/2)

i> - z 2.65
r*fam @03 +2/2)(1 +1) (2.65)

k
a
Tir (2.60) dén (2.65) ta nhan thay (r*) ~ (?”J . Céic gid trj trung

binh ctia rc6 s6 mi duong (k> 0) duoc xac dinh boi cac s6 luong tir chinh
n, trong khi d6 céc s6 mil nguyén am tuong ung cta r phu thuoc nhiéu vao

| v6i k< -1. Do d6 v6i s6 mii duong (k> 0) ta c6 tich phan:

(r) =T|Rm (r)°r*2dr (2.66)

na

v6i nhitng gid tri 16n cla r, trong d6 R, ~r"* exp[
i

Zr -
]. Mat khac, véi so

mii am k < -1 ta c6 tich phan (2.66) véi r nho, trong d6 R, ~ r'.
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Chuong 3
C4u trdc tinh t€ cta nguyén tir hidr6

3.1. Momen tir qu§ dao
Electron chuyén dong xung quanh hat nhan ¢c6 momen dong luong
bidu dién bdi cic todn tir 12 vi I,. Tri riéng clia c4c todn tit nay lan luot 1a:
12 =1(1+1)7*
|, =i
dé6 1a do 16n cua binh phuong momen dong Iuong va ctia hinh chi€u momen
dong lugng trén truc z
Khi nguyén tir diing yén thi momen dong luong cua dién tu ciing 1a
cuia nguyén tu, ta goi la mémen quy dao. Theo dién dong luc hoc ta thay
chuyén dong cia dién tr quanh hat nhan tao nén mot tir trudng twong ting
v6i momen tir qu§ dao . Ta st dung ly thuyét co hoc luong tir dé xdc dinh
moi lién hé gilta cic mOmen nay.
Theo dinh nghia, vecto mat do dong dién trong nguyén tu dugc tinh
LZ%( V' -y V) 3.1)

Trong toa do cdu, toan tir nabla V c6 ba thanh phan:

oo
or
1 0
* " rsind op
10
° " r oo

Tir d6 c6 thé tinh dugc ba thanh phan clia vecto mat do dong dién Je

_len aL_l/,*a_"” ~0
2m, or or

le =

jeB :O
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jep = —;%h(w(pv/ —y'V )

e

_ien 1[5;/ *a_wj

__Zmersine op I op
ien 1 , .

=—— —2im 3.2
2mersin9( oy (3.2)

Xét dong dién chay qua mot phan ti dién tich do, cuong do dong dién la:
di, = jodo
Khi d6, hinh chi€u moémen tir 1én truc zla:

— dje's jede'S

Cc c

du,
ar sing.eh 2
dy =—"T— """ d .
= my[fdo (3.3)
Néu xét dong dién chay trong toan bd nguyén tu thi ta phai lay tich
phan cong thiic (3.3). Nhu vay momen tir # (gay nén boi chuyén dong clia

dién tlr) cua nguyén tir cé hinh chiéu 1én truc z la:
meh . 2
,=——|27snfy| d 4
= g | Zesindly] do (3.4)

tich phan 14y d6i véi toan bo khong gian, bi€u thitic 22r snédo chinh 1a thé

tich clia 6ng dong ¢ tiét dién do . Tir diéu kién chuin hda clia ham séng:

2
[l av =1
ta suy ra:
menh
M, = ome (3.5)
m.C
Dai lugng:
eh
= 2me -0

goi la manheton Bohr.
Cong thic (3.5) ¢6 nghia la: momen tur quy dao cua nguyén t&r mot

dién tir ¢6 hinh chiéu trén truc zbang mot s6 nguyén 1an manheton Bohr.
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Bay gio ta tim ti s6 gita hinh chi€u momen tir x, va hinh chiéu

momen co /,. Ta da biét:

| =mi
suy ra:
u e
f__ = 3.7
[, 2mc 3-7)
vi truc zc6 thé chon tily ¥ nén ti s6 nay ciing 12 ti s6 hoi chuyén:
7 e
£ 3.8
I 2mc (3-8)

3.2. Spin va mOmen toan phan ctia dién tir

Theo 1i thuyét thi mitc nang lugng thap nhat 1s (n=1, /=0, m=0) c6
do boi suy bién bang 1 (khong suy bién). Nhung dua vao két qua nghién
ctru thuc nghiém vé hiéu ting Zeeman thi mic nang luong 4y lai bi tdch lam
doi. Néu su tach d6 ciing cuing mot nguon goc vat 1i nhu su tich mic nang
luong clia nguyén tir khi dat trong tir truong thi nguyén tu hidro & trang thai
s phai ¢c6 momen dong lugng khac khong va duoc dac trung bai s6 luong
tlr ¢4 gia tri bang % Diéu nay chiing té ngoai mé6 men quy dao thi dién tir
phai c6 mot moé men noi tai nao dé dac trung cho trang thai noi tai cua dién
tu. Nguoi ta goi moé men nodi tai nay la spin (ky hiéu boi §) va day la mot
thuoc tinh ctia cac hat co ban. Mot cach tuong tu nhu mo men quy dao, spin

ciing bi luong tir héa theo biéu thic (minh hoa nhu trén hinh 3.1):

|s|=ns(s+1)=h %Gu} :hg, (3.9)

con hinh chiéu cia mémen nay 1én mot truc zcé gia tri la:

s, —mj, véi ms:{—%,%}. (3.10)
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4z
\;%h” g
_lh |Sz |=E\"§-h

Hinh 3.1. Minh hoa cho su lugng tir h6a khong gian cta spin dién tur.

Dé giai thich dinh luong cac két qua thuc nghiém vé do tach cua cdc

vach pho clia nguyén tir (khi dat trong tir trudng) ngudi ta thira nhan ring

dién to c6 momen tir riéng 4, lién hé véi spin boi:

~ e .
Hy=—S, (3.11)
m.C
Tur d6 suy ra:
7, e
Bo = (3.12)
S mc

Nhu vay, véi su thira nhan vé su ton tai ctia spin thi mo men toan
phan | cua dién tir s€ 1a téng cia moé men quy dao cong véi spin:
j=I+s. (3.13)
Vi momen quy dao | truc va thanh phéan hinh chi€u ctia né Ién truc zciing
bi lugng tir hda tuong tng véi cac sO luong tir | va m theo cac hé thic:
M|=n1(1+2) (3.14)

|, =mi (3.15)

va spin cling bi luong tr hda theo (3.9) va (3.10) nén momen cua dién tir

i[=ni(i+1). (3.16)

Do s6 lugng tir hinh chi€u ctia spin chi ¢6 thé 1a +1/2 hoac -1/2 nén s6

cling bi luong tir hda bai:

luong tlr toan phan js€ nhan cac gia tri:
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| 1
j=|+% va j=1=5 v6i 1=0, 1, ... 1.

Tuong tu, thanh phan hinh chiéu ctia | 1én truc zciing bi luong tir héa bai:
j,=mh. (3.17)
voim;= -, j+ 1, ..,
Momen tir toan phdn cta dién tir z; s& bang tong ciia momen tir quy
dao va momen tu riéng:
=y + (3.18)
3.3. Cau triic tinh t€ cdc mitc nang lugng cua nguyén tir mot dién tir
3.3.1. Sr dich chuyén ning luong
C4u trdc tinh t€ cua cac muc nang lugng cua nguyén tir mot dién tlr 1a
dua trén cdc hiéu ting twong d6i tinh. Vi vay, dé phan tich céc hiéu tng nay,
ching ta cAn mot phuong trinh s6ng co ban cho dién tr nham thda man cac
diéu kién cta 1y thuyét tuong doi hep cling nhu cta co hoc lugng tir. D6
chinh la phuong trinh Dirac, 1a phuong trinh séng tuong doi chinh xac danh
cho céc dién tir.
Phuong phédp chat ché nhat dé dat duoc su bo chinh twong doi cho
cac muc nang luong (Bohr) cua nhitng nguyén ta mot dién tir 1a giai phuong

. o . ze? ,
trinh Dirac cho 1 dién tir trong trudng xuyén tam V(r)= e Ta sir
&,

dung i thuyét nhiéu loan dé tich ham Hamiltonian thanh hai phan, H,la

phan khong nhiéu loan va H' 12 phan nhiéu loan mo ta cdc hiéu tng tuong

doi tinh:
H=H,+H (3.19)
trong do:
P 2
0 :S_m_(dfr%o)r (3.20)
H'=H',+H',+H', (3.21)
voi

39


http://mientayvn.com/chat_box_li.html

Trao doi tric tuyén tai: http://mientayvn.com/chat_box_li.html

. E,
M= e (3.22)
. 1 1adV -~
= =2 s 2
2 omPc?r T dr (3:23)
~ m® ( Z€
o= S(F ,
3 2m202[4m:0j r) (3.24)

H’, 1a bo chinh tuwong d6i tinh cho dong nang, H’, 1a bé chinh do
tuong tac spin - quy dao, va H’; 1a s6 hang b6 chinh Darwin.

Tru6c khi ching ta tinh su dich chuyén nang lugng béi 3 phan tir ndy
bang viéc st dung ly thuyét nhiéu loan, ching ta chi y rang thuyét
Schrodinger khong bao gom spin ctia dién tir. D€ tinh dugc su b chinh cla

todn tr spin, vi du tir H’,, chiing ta bat dau tir phuong trinh:

:Eanlmms (325)

A

HOWnlmmS

trong d6 E, 1a tri riéng cta todn ti nang luong H,, vA ham séng Y mm, 4
stra d6i (2 thanh phan) ham s6ng Schrodinger (duoc quy vé nhu 1a hAm séng
Pauli hoac spin quy dao) cho bdi phuong trinh:

Voimm, (D)= oim (D) 23/2.m, (3.26)
trong do6 q la ki hiéu tap hop toa khong gian va spin.

So6 lugng tor m c¢6 thé nhan cdc gid tri -1, +1,.,+ chinh 1a s6
lugng tr tir da dugc ki hiéu trong chuong trude 1a m, v, (r) 1a ham séng
ctia phuong trinh Schrodinger cho nguyén tir 1 dién tu:

Hol i (F) = E o i (F) (3.27)
Va2 Yy, 12 ham riéng spin cho mot nira spin (s = 1/2), Y15, 12 mot céu
triic spino 2 thanh phan, va nhiing spinc di duoc chuin héa twong ting véi

"spin up" m, =+1/2 va "spin down" m, =-1/2 dugc ki hi¢u:

az@ and ﬁsﬁ)j (3.28)
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H° khong chita bién spin trong hAm séng 2 thanh phan, ching 12 riéng ré
vé mat khong gian va bién spin. Bay gid ching ta c¢6 4 s6 lugng tu
n,I,m,m, d€ miéu ta nguyén tir 1 dién tir, tdic dong cuia spin trong céc giai
phép "khong nhiéu loan" s&€ lam giam su suy bién di 2 lan. Vi vay, mbi muc
nang luong Schrodinger E, bay gid 1a suy bién 2n’.

Bay gio ching ta s& tinh todn cdc bd chinh ning luong cho 3 s6 hang
(3.22) — (3.24), sit dung ham séng Pauli nhu ham song bac khong.

~

24
1. H,= —8;:? (bo chinh tuong doi tinh choi dong nang)
Tir mitc ning lugng khong suy bién E, 1a suy bién 2n% ching ta nén
st dung 1y thuyét nhiéu loan. Tuy nhién chiing ta phai luu y rang, H’,
khong chia bién spin. Thém vao d6, né giao hoan véi thanh phan cla
momen xung lugng quy dao. Vi vay, su bo chinh niang lugng AE, dua trén

H’, duoc dua ra trong 1i thuyét nhiéu loan bac nhat:

Wnlmms>
l//nlm >

A

2

T i > (3.29)

24

8mdc?

AEl = <l//nlm mg

= <l//nln'\

1
= _W<l//nlm

%2

8m°c?

trong d6 T = o la todn to dong nang. Tir (3.20) ta cé:

(3.30)
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6 day chiing ta sir dung cong thiic (3.27). Tu cac cong thic (2.57), (2.63) va
(2.64) (v6i 1 =m) ta duoc:

1 ([me(zal] . ze? \mc2(za) z
AE, =- 2 2 + 2 2
2me 2n 4re, 2n agn
(ze) 7
Are, ) ain®(1+1/2)

_1mc2(Za)2(Za)2{3 n}

2 2 2 14 1+1/2

n n
(Za)Z[B n }
-_E = 32
"n? |4 1+1/2 (3.32)
2. H' L 1dvVig (b6 chinh do tuong tic spi 7 dao)
. = .. O C11 (0] ac spin - gqu ao
2= o2 dr g tac spin - quy d:

Chung ta viét lai phan tr nay duéi dang don gian hon:
H',=£(r)LS, (3.33)
6 day ching ta dua vao dai luong:
1 1dv
&(r)

T 2mcEr dr (3.34)
2
Trong truong hop V(r)= Nran ta co:
0
1 ze? 1
&(r) (3.35)

T 2mPC Aze, 1

Vi todn tir [2khong chita ban kinh rma ciing khong chita bién spin,

va giao hodn v6i cdc thanh phan ctia L, tir (3.33) ta thdy riang L[%giao hodn
v6i H',. Thém vao dé su nhiéu loan H', khong lién két trang thdi v6i nhitng
gia tri khac nhau cia mémen xung luong quy dao I. d6i véi 1 gia tri cia n
va | ¢6 2(21 +1) trang théi riéng suy bién ciia H® (hé s6 cla 2 14n xudt
hién tir 2 trang thdi spin), dé tinh todn su dich chuyén nang luong do H',

can su chéo héa clia ma tran 2(2 +1)x 2(2| +1).
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Su chéo héa nay duoc don gian tuyét doi boi nhitng ham séng bac
khong nhu 1 phép biéu dién trong d6 LS 1a chéo. Mot diéu rd rang ring

ham ¥, duoc dua ra trong phuong trinh (3.26) 1a nhitng ham riéng dong

I3

thoi ctia todn tir H,,[2,S?,L,,S, 1a chua phit hop bdi vi L.S khong giao
hoan véi L hoac S,. Tuy nhién, bay gio chiing ta s& chi ra diéu thda man
ham séng bac khong thu duoc bing viéc dinh dang céc t6 hop tuyén tinh

nhét dinh cia ham séng v, . Ta c6 momen xung luong toan phan cta

electron:
J=L+S (3.36)
Chi y rang:
J2=1%2+2L.S+8? (3.37)
Do dé:
Eé:%@z—ﬁ—éﬁ (3.38)

Bay gio hdy xem xét ham séng y,, 1a ham riéng cua cdc todn t

A

ﬁo,EZ,éz,Jz,fz tuong tng véi nhing tri rieng E ., 1(1+1)n°, S(S+1)h2,

j(j +1n* va m;a. Trong trudng hop dac biét nay ta ¢6 s = 1/2 va do do:

j=1+1120
2

v6i | =0 thi j= (3.39)

N~

BN

va
m =—j—j+L.,+]. (3.40)
Ta c6 thé thiét 1ap ham song v, tir nhing t6 hop tuyén tinh clia ham

A N
-2 =2 A

pd N T M pd Z,° _:\2 A N pd N pd
SONZ Yy, - V1 LS giao hodn v6i L ,S,J, f,nén vy, la cdc ham séng

bac khong bi€u kién tao thanh mot tap hop co s thoa man todn tir L.S (va
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do d6 c6 su nhiéu loan H',) 12 chéo héa. St dung (3.33) va (3.38), ta thdy

rang véi | =0 su dich chuyén nang luong dua trén H', cho boi:

%50’)[32 2 —ézll//nljmj >

AEZ = <V/nljmj

2

=h7<§(r)>{j(j +1)-1( +1)—ﬂ, (3.41)

trong do <cf(r)> 12 gid tri trung binh cta &(r) cla trang théi 7

phuong trinh (3.34) va (2.65) ta cé:

1 ze® |/ 1 1 ze? A
(etrh - 2m’c? (%J<r_3> - 2mPc? [47zgoj agn’l (1 +2/2)1 +12)° (342)

Nhu vay, v6i | =0 ta thu duge tu (3.41) va (3.42) la:

mc?(Za)* lj=1+1/2
E,= X _
il +1/2)1+1) |-1-Lj=1-1/2
(Za) lj=1+1/2
=-E
"o+ 1721 +0) | -1-Lj=1-1/2 (3.43)

V6i /=0 su tuong tac spin quy dao (3.33) bi triét tiéu nén AE, =0.

2 2
. h [Ze

2= ot Jé (F) (s6'hang b6 chinh Darwin):

4re,
Phan tir nay khong chia bién spin, 1a chéo hoéa trong |, m,, m  va chi

dp dung trong truong hop | =0. Goi AE,tuong tng 1a su b6 chinh nang

lugng ta co:
ah?  Ze? _
AE; = omPc? 4rz, <l//n00|5(r )|‘//noo>
ah?  Ze? 2
= 0
2m2C2 4 . |Wn00( X
2 2 2
Lo (2025) (22) -_E, (22) 1=0.  (3.44)
2 n n n
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Bay gio ta c6 thé két hop nhiing déng gép cua H',, H',, H', dé thu
dugc su dich chuyén ning lugng toan phian AE = AE, + AE, + AE, do nhiing
b6 chinh tuong doi. Tir (3.32), (3.43), (3.44) ta c6 véi moi gid tri cha | :

R I 7)) <Za>2( n 3)

T2 n2 n? \j+1/2 4

-, 28 (3.45)
2 j+1/2 4

n
trong d6 chi s6 dudi nj cho biét su bé chinh phu thudc vao ca 2 s6 luong tir
chinh n va s6 lugng t& moémen xung lugng toan phan j, véi

j=12, 3/2.., n-1/2 . Mbi gid tri cha j twong ting véi 2 gid tri c6 thé ¢ cla

1 N N . N ? . R S
l, IZJiE’ ngoai tru truong hop J=n—% thi | chi c6 mot gid tri

1 e e e fr aea 0 .
| = | 5= n—1. Khi xét dén cau tric tinh té, trang thai dién tu s€ dugc ky

hiéu boi n/. Vi du, trang théi dién tir tng v6i n=2, /=1 va j=1/2 thi dugc
viet 1a 2p, ,.

Viéc thém su bo chinh tuong d6i AE; cho cdc mic nang lugng
khong tuong d6i tinh E_, ta thdy rang cdc mic nang luong cla nguyén ti
mot dién tr duoc dua ra bdi phuong trinh:

EnJ.:E{u (Z‘ﬁ)z( " 3)} (3.46)

n? | j+1/2 4

Vi vay, mic nang luong cta electron s€ tang dan tuong tng véi

E,;

gid tri khong tuong doi tinh [E cua su dich chuyén

, gia tri tuyét doi ‘AE .
nang luong nhd dan khi n hoac j tang 1én, va 16n dan khi Z tang. Cong thic
(3.46) duoc dua ra d& dang dé dong y thong qua (Za)*véi két qua:

21112

2 -1 (347

chinh xdc 2 Za

=mc-<| 1+
n-j-1/2+|(j +1/2f - %]

nj
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Ze?
(47[50 )r )

thu dugc tir nghiém clia phuong trinh Dirac vé6i dién thé V(r)=—

3.3.2. Sir tdch cdc mitc nang liong

Bat dau tir nhitng miic nang lugng khong tuong doi tinh E, véi su suy
bién theo thoi gian 12 277 (hé s6 clia 2 14n xuat hién ca spin) ching ta thay
rang trong thuyét Dirac su suy bién nay dugc loai trixr 1 phan. That ra, 1 mic
nang lugng khong tuong doi tinh E, chi phu thudc s6 lugng tir chinh n tach
ra thanh n muc khac nhau trong 1y thuyét Dirac, tng v6i moéi gia tri j= 1/2,
3/2, ..., n-1/2 cua s6 lugng tr momen xung lugng toan phan j. Su tich nay
dugc goi la su tach cau tric tinh t€, van gid tri j = 1/2, 3/2, ..., n - 1/2 1a mot
vach boi cua cau tric tinh t€. Su tach cdu tric tinh t€ cia cic mic nang

lugng tuong tng v6in = 1, 2, 3 dugc minh hoa trong hinh 3.2 va 3.3.

0,018cm™

3d5/2(j =5/21=2
3p2/7(j =3/21 :l);Sdg/p(j =3/2,1

SSl/Z(j =1/2) ZO);3D1/2(j =1/2, =

2p,,(j =312 =1

251/2(] =1/2) :O);Zpllz(j =121 =

151/2(] =1/21=0
(a) (b)

Hinh 3.2. Cic mic nang lugng khi khong tinh dén cdc s6 hang bé chinh (a)
va khi tinh dén cdc s6 hang bé chinh (b).
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EleV

-15 ¢

8

337 +

8 285

-135 +

0108 cm™' 0.036 cm™

N=3-coomooeomoeo 1 = _{L "" iy

AEgg =-02x1 0*eVv 3d 32
3s,;
12

———— AErg =-113x10 56V
2009 cm™

AE¢ =-056x104eV Pys
Lol

0365¢cm™

1V 2806554 ¢cm™

AErg =-18x10eV | 214517cm”

Hinh 3.3. C4u tridc tinh t€ mot s6 muc nang lugng dau tién cua nguyén tu
Hydro. Pudng chim chdm biéu thi mic nang luong dugc tinh theo
phuong trinh Schrodinger, con dudng lién nét biéu thi miic niang lugng

sau khi duoc b chinh.

Ching ta da st dung hinh v& & trén d€ ki hiéu trang thdi dién tir nl,

(v6i su két hop cua nhitng chit s, p, d, ... v6i nhiing gia tri | = 0,1,2,.. va cac

chi s6 dudi bé sung cho gid tri cia j) dé phan biét v6i nhiéu thuat ngit

quang

phé tuong ting khdc trong 1y thuyét Dirac.

Piéu dé quan trong dé nhan manh rang trong 1y thuyét Dirac c6 2

trang thai cé gia tri giong nhau cua so6 luong tr n va j nhung véi gia tri ctia
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1 > . o 10 o .

| sao cho | =j iE thi c6 nang luong giong nhau. Tinh chan 1€ cua nghiém
duoc cho boi (-)'. Nhu vay v6i mdi gia tri cha j tuong Gng véi 2 ddy cla

. . N PN 1 1 ? z ~ . -1 4
(2 j +1) nghiém, tru truong hop ] = H—E chi c6 1 day nghiém (-)"". N6
ciling c6 gi4 tri nhan xét rang 3 thanh phan AE,, AE, va AE, phu thudc vao
I, su dich chuyén nang lugng toan phan AE; khong ton tai. Trong minh
hoa 3.4, ching ta biéu dién su tdch clia mic n=2 cha nguyén tt hidro

tuong ung véi 3 s6 hang H',, H', va H';, 1a két qua cuta su suy bi€n cidc mic

28, va 2py .

5

0.2l cm™ p:-:-._\o' 12 'Cm_‘_) 0.73cm™ 0.09¢m™!
n=2"—"'—---{:.--§———3m ==t ——*13"'-"-':.;'—1""
Duss Pus J 57 Piis Pa NA 046 cm™!
1.19cm™ 0.24cm™ S Pwm
Sz
MI AE: ﬁE; AE = AE, + AE, + AE;

Hinh 3.4. Cic thanh phian AE,, AE, va AE, trong su tich
nang luong o mic n = 2 cua nguyén tur hidro.

Diém thi vi khdc 1a 3 dich chuyén niang luong twong d6i AE;, AE,
va AE; thu duge 6 trén ¢6 do 16n giong nhau, do d6 phai duoc xu 1i cing
nhau. Pay 1a mot dic diém dic biét clia nguyén tir hidro. Vi nhitng nguyén
tir nhiéu dién tir (va dac biét v6i nhitng nguyén tir ki€ém) thi hiéu dng spin
quy dao la nguyén nhan cht yéu cta su phan tach cau trdc tinh té.

Theo (3.45) v6i moi Z va n#1, su khiac nhau vé nang luong gitta 2

thanh phan cuc tri ctia 1 vach bdi cta cau tric tinh t&€ (tuong tng véi lan

. 1
luot cac gia tri j, = n—% va J, =§) duoc cho boi:

. 1. 1 »n-1 27%(n-1
éE[jlzn—E,jZ:E):|En|(Za) = ZQT(‘*)’ N1 (3.48)
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Chung ta ciing c6 thé st dung (3.45) dé thu duoc v6i moi Z, n#1lva

. . 2 - N N H 1 N
| # Osu tach nang luong gifta hai mic tuong tng lan luot 1a j, =1 t5 va

: (R
Jz=|—5,kétquala:

) 1 a’z?
SE| j, =142, =1~ .
(Jl iy j E | +1 ~2n3(1+2) (3.49)

Vi du trong truong hgp cua nguyén tir hidrd su phan tach cta muc
j=3/2 wva j=1/2 v6i n=2 va n=3 lan  luot 1la
0,365cm (4,52 x10°€eV ) va 0,108cm(1,34x10%eV ), trong khi su phan
tach cia mic j=5/2 va j=3/2 v6in =3 1a 0,0360m*1(4,48>< 1O’GeV)
dugc biéu dién & hinh 3.2.

3.3.3. C4u tric tinh té cia vach phé

Tap hop cta nhitng vach quang phé tng véi nhitng chuyén ti€p

nlj - n'l'j" gilta thanh phan cau trdc tinh t€ cua mic nl va n'l' dugc biét dén

nhu mot vach boi ctia vach pho.

Tu todn tu ludng cuc dién 6 = —ef khong phu thudc vao spin, quy
tac loc lua cho s6 lugng tir | (trong su xap xi ludng cuc) 1a:
Al =+1 (3.50)
Tur d6 suy ra quy tac loc lua doi v6i s6 luong tir | 1a:
Aj =0,£1 (3.51)
St dung (3.50) va (3.51), ta ¢ thé thiét 1ap nhiing dic tinh cla su
phan tang cu trdc tinh t€ clia quang phd nguyén tir hidro. Vi du, trong hinh

3.5 ta thdy vach boi np - n's ¢6 2 thanh phan.
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nd, ,
P nd,,
Pz
n'p,,—r *
n's, : n'p
(a) (b)

Hinh 3.5. Sir chuyén duoc phép trong vach boi np - n's (a) vand - np (b)
Nhu vay, méi vach trong day Lyman (trang thdi du6i n = 1) bi phan
tach boi cau tric tinh t€ thanh 1 cap vach duoc goi la vach doi, tuong tng
v6i sy chuyén ti€p np,, - 18,5, nps), - 18,5, dugc minh hoa trong hinh 3.6 cho

day Lyman vach « (trang théi trén n = 2).

j=32
=1

n=2

j=12

5 p
Hinh 3.6. Nhiing su chuyén duoc phép gitta 2 mitcn =2 van = 1 cua

nguyén tr hidré sinh ra vach doi o Lyman (La )

Lién hé véi hinh 3.6, ta thay rdng vach boi np - n's ¢6 2 thanh phan,
trong khi vach boi nd - n'p ¢6 3 thanh phan. Do d6, trong truong hop cla
day Balmer (trang thdi duéi n = 2) c6 7 chuyén tiép dugc phép la:
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NPy, — 2S5, NPy, — 28y,
ns,, —2py,, ns,, — 2Py,
nd1/2 - 2p1/2’ nd?,/z - 2pe,/z

Nds;, — 2P,

Cdc muc ns,, va np,, truing nhau, ciing nhu mic np;, va nd,,. Moi
vach Balmer chi chita 5 thanh phan riéng biét. Minh hoa trong hinh vé 3.7

cho truong hop vach H,_ cua céu tric tinh t&€, nghia la vach do6 cua day

balmer tai 65631& , tuong ung véi su dich chuyén giita trang thdi trén n = 3
va trang théi duéin = 2.

Su khéc nhau vé nang lugng (3.48) hay (3.49) nhanh chéng giam
dan khi n tiang, su phan tich cau tric tinh t€ cia 1 vach quang pho tuong
ting v6i su dich chuyén gifta 2 mitc khdc nhau cua n, phin I6n ding véi ciu
tric tinh t€ cua mdc nang lugng thidp hon, & mic cao hon thi su phan tach
cang nho hon. Vi du, méi vach trong day balme thuc chit gom cé 1 vach
doi, hay chinh xdc hon la 2 vach rat xit nhau. Khoang cach giita hai vach
nay rat gan nhau dugc tao ra bdi su phan tach cdu trdc tinh t€ cia muc dudi
(n = 2) (khoang 0.365 cm™) va khoang cdch nay 1a hiang s6 cho moi vach
trong day. Tuong tu mdi vach trong ddy paschen (trang thdi dudi n = 3)
gbm c6 3 vach rat xit nhau. Ta thdy rang su phan tach cau tric tinh t&€ doi

v6i cdc ion hidro 1a quan trong hon cho hidro tir su dich chuyén ning luong

AE,, cho bdi (3.54) ti 1é thuan véi Z°.
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(a)

@ o) () @ o ® b

- — ———03cm '—————

(b)

Hinh 3.7
(a) Su dich chuyén trang thai ctia vach o balmer (H,) giita 2

muc n = 3 van =2 cta nguyén tr hidro.

(b) Cudng do tuong doi ctia cdc vach (a) dén (g). Chd ¥ ring
(b) va (g) cé miuc trén gidong nhau. Vi thé s6 song khac nhau giita
cac vach duogc xdc dinh boi cac muc nang luong khic nhau 2p,,
va 2p,, 120,36 cm™. Tuong tu s6 séng gitra vach (a) va (e) cling 1a
0,36 cm™. Chi y riang vach (d) va (e) phai phu hop véi Ii thuyét

Dirac, cling nhu vach (f) va (g).
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KET LUAN

Luan van da trinh bay co s& 1y thuyét phé clia cac nguyén tir mot
dién tir d€ hiéu dugc ban chit cta cdc vach phé va mai lién hé véi cau tric
dién tr. Nhitng két qua nay la co s& cho viéc nghién ciu cdu tric cua cac
phan tir nhiéu dién tir. Vi du nghién ctiu phé clia nguyén tir kim loai kiém
1a co sO trong viéc 1am lanh nguyén tir va phan tir bang laser, mot trong
nhitng chuyén nganh c6 tng dung 16n trong cic nganh khoa hoc ki thuat
hién dai.

Noi dung ctia luan van di néu 1én dugc nhitng thanh cong trong mo
hinh nguyén t Bohr va nhiing han ch€ cia n6. Mo hinh nay da giai thich
dugc su ton tai ciia nguyén tir va su tao thanh quang pho vach cuia nguyén tir
hidro, khac phuc duoc nhitng mau thuin ctia miu hanh tinh nguyén tir ctia
Rutherford. Viéc giai quyét nhitng mau thuan va han ché ctia mau nguyén
tir Bohr 1a tién dé cho su ra doi ctia co hoc lugng ti.

Phan trong tAm cua luan van 1a trinh bay vé cau tric phd cta cic
nguyén tir mot dién tir theo quan diém luong tir. Ching t6i sit dung phuong
trinh Schroédinger phi tuong d6i tinh cho nguyén tr mot dién tr. Tir d6 tinh
dugc ham séng va nang lugng cta ching, tinh dugc gia tri trung binh cua
khoang cach giita dién tir va hat nhan. Két qua thu dugc ching t6i xem nhu
la gan dung cap khong dé xét anh hudng clia cdc hiéu tng tuong doi tinh
bang cdch sir dung 1y thuyét nhiéu loan. Diéu nay 1a hoan toan chap nhan
dugc vi céc s6 hang bo chinh nay c¢6 gid tri rit bé so v6i niang lugng trong
gan diing cap khong. Bing cich nay, cdc b6 chinh niang luong c6 thé dugc
tinh toan d& dang hon so véi viéc giai phuong trinh Dirac. Khi d6, mic
nang lugng trong gan ding cap khong sé bi dich hoac bi tich thanh mot s
muc con. Diéu nay c6 nghia 12 méi vach phé trong 1y thuyét Bohr s& gém

mot sO cac vach con.
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Dich tiéng anh chuyén nghanh khoa hoc
v nhién va ki thuat.
Dich cac bar giang trong chuong trinh
hoc liéu md cua hoc vién MIT, Yale.
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phi va chuyén nghiép 777
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