Zeeman effect
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{FEMAN EFFECT
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n 4&56/& In a magnetic field
the criginal line splits
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On lai: cac hiéu rng Zeeman

CANTHO UNIVERSITY

« NéuB_, << B, : Ta coé cau trac mirc nang lwong
tinh té. Lic d6 toan tir nhiéu loan H’ dwoc xem
la rat bé hay khong c6 nhiéu loan. Trwong yéu
(van tinh b6 tic nang lwong TDT va twong tac
Spin-quy dao)

« NéuB_ >> B, : Taco hiéu trng Zeeman va bai
toan xem la nhiéu loan. Trwérng manh.

« NéuB_, B, :Tacan xét dén ly thuyét nhiéu
loan c6 suy bién va can dung dén bai toan tri
riéng va vector riéng cua ma tran H’ ,
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c. Hiéu &ryng Zeemann
trro'ng trung binh

* Trwong hop nay thi ca hai b6 chinh nang
lwo'ng vé Zeemann va hon Zeemann (TDT +
SO) déu cé tac dung gan nhw nhau

H H, H, (4.14)

Bai toAn xem nhw sw nhiéu loan c6 suy bién
hang lwong.

Xét cu thé mirc nang lwong n = 2, bai tap 6wa
cho ta 8 trang thai khac nhau va dwo'c moé ta

nhw sau:
n 2,0 0,LJima e




héng nhat ky hiéu cac trang thai

CANTHO UNIVERSITY
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136(V) , 3 ff 1) mm

n e e n

B_(m, 2m.) (4.14)
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Bai tap 7w: Giai tim tri riéng
va vector riéng cua matrix H’

¢ (Sy—ﬁ 0 0 0 0 0 0 0 1—

0 S5y+p O 0 0 0 0 0

0 0 y=-28 0 0 0 0 0

0 0 0 y+28 0 0 0 0 .

o 0 0o o y-} £ o o [H

0 0 0 0 g Sy-ip 0 0

6 0 0 0 0 0 y+ip 2P

\ 0 0 0 0 0 0 $p Ssy+lp/

y = (a/8)°13.6eV and B = upB...
Review: (MXH' MX1l) 0 (4.14)

Giai phwong trinh 4.14 ta xac dinh 8 tri riéng la
néng IU’Q’ng: www.ctu.edu.vn




Cac nghiém vé nang lwong twong trng
v®i 8 ham song theo thir tw trén
CANTHO UNIVERSITY
* Kiém tra v¢&i 8 nghiém khac nhau ta c6 8 mirc nang

lwong :

€6, = Ey-5y+8

2 : gi : i}il__zg Két qua tong hop cac tri riéng
&g = E,-y-28

es = Ey-3y+pB/2+ /4y +(2/3)yB + /4
€6 = Ex=3y+B/2—/ay?+(2/3)yB+ B} /4
&7 = Ea-3y—B/2+4 /4y - 2/3)yB +p*/4
es = Ex—3y—B/2— /4y —@2/3)yB +B/4
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Bai tap 8: Tinh toan cu thé

CANTHO UNIVERSITY

* Tinh ra gia tri 8 mirc nang lwong cu
thé cho bai toan Hydrogen vé&i n=2 va
tr triro'ng ngoai la B= 1T

* (khéng giai vector riéng vi khéng can

xac dinh cac t6 hop ham séng)




MO phong

CANTHO UNIVERSITY

EJI.

i Waak%lntarmedlam%ﬁtmng Cho biét Viéc Xép 8 trang
thai suy bién cé theo thir
tw tang hay giam cua cac
murc hang lwong twong
(rng vira tinh & cau trén
khong?




e Giai lai twéng minh bai toan nhiéu loan
suy bién cho nguyén ttr Hydrogen & mirc
(n=3). Gia st twr triro'ng bén ngoai cung
cap véi tir trro'ng quy dao cua electron.

* Tinh chinh xadc cac mirc nang lwong
bang phwong phap giai bai toan tri riéng
va vector riéng

o (Hint: giai ma tran cé 18 thanh phan)
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v 2. Cau truc tach vach siéu tinh té

Oy ———————

* Thuwc ra, proton ciing tao mét momen tr Spin do
chuyén dong tw quay ctia né, do I&n la kha nhé
so v&i momen tir cua electron vi khéi lworng cuia
né I&n hon e nhiéu lan.

.C
Se e SP g&SP (416)
m_ 2m,

www.ctu.edu.vn
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2. Cau truc tach vach siéu tinh té

CANTHO UNIVERSITY

Hang sd g, trong 4.16 thikc ra la s6 hat

Quarks tao thanh 1 hat proton va gan
ding c6 thé tinh la 5,592.

Theo Pién dong lwc hoc co6 dién, voi
momen tr 4.16 no tao ra mot cam wng tw
tai noi cach né mot khoang r (tam e) la :

- —> 2 — -

B 3( T - O (T) (4.17)

4 1‘ 3 Ham delta -
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3 @ Bai tap 9w : Xac dinh Hamiltoian

&

CANTHO UNIVERSITY

Xét electron khi co6 tir triro’ng tao boéi Spin proton

Pwa biéu thirc 4.16 (cho electron va ca proton)
vao 4.17 roi bién doi va chirng minh la:

LMW—B -RLS S (4.17)

8§ mpm_ 3m,m_

Phu thudc vao ly thuyét nhiéu loan cho bd chinh
bac nhat cua nang lwong dé la gia tri trung binh
cua toan twr nhiéu loan & trang thai khong NL 5
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‘ Bai tap 9w : Xac dinh Hamiltoian

CANTHO UNIVERSITY

r)(S r)r

El
g 8mm

3m - (s s, Of  (4.18)

Vé&i trang thai co ban hay bat ky trang thai ma / la
bang khéng, ham séng la déi xirng cau. Do d6 sé
hang dau trong 4.18 1a bang khéng, sé hang tha

hai c6 phan trong dau tuyét doi la 1/( ad)




Unperturbed /

\ AE

\ Singlet Y

Hinh anh mé ta sw tach vach nang lwong do
c6 nhiéu loan Spin cla Proton  wwctcdun e —




Twong tac Spin -Spin
CANTHO UNIVERSITY
« O day la tich vd hwéng ctia 2 vector Spin cuiia e va
cua proton nén khac véi tich 2 vector Spin va quy
dao . Vi cé twong tac 2 Spin hay nén momen Spin
tirng thanh phan la khong bao toan - Can tinh tong
cac momen Spin
* Pay la dai lwong bao toan: § Se SP (4.20)

Binh phwong 2 vé va sau dé chuyén vé:

- —

1 1 3
SS. =m((S* SZ2 S m(S* ml°’ 4.21
. 2 2 3 2
since:S, S, ml "
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CANTHO UNIVERSITY

O trang thai bdi, hai Spin ctia e va p 1a song
song nén tong Spin =1-> g2 9p?2

Po lech nang lwong

O trang thai don, hai Spin la d6i song nén téng Spin =0
va S2=0 vi thé:
4o01* 1 4 Boi
E. * — 4.20
’ 3m,m; c°a (420

Nhw vay, twong tac Spin- Spin pha vé sw suy bién. Do
khac nhau vé Spin cua trang thai co ban lam tach vach
cau truc bdi ra xa vach & trang thai don = sinh ra mot

do Iéch nang lwon 4
" SN E B, E, weesmem 588.10 %cV
C a 17

3m,m; 1 ,
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Bai tap 10W: Tinh tan sé va bwéc
séng cta bwdc xa chuyén mirc

CANTHO UNIVERSITY

* Str dung cong thirc Einstein:

E [ |

7 I
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Nhi€u loan theo thoi gian

CANTHO UNIVERSITY

Vat chat luén thay doi theo thoi gian




Xudt phat diém: Anh sang LASER

CANTHO UNIVERSITY

LASER= Light
Amplification

by Stimulated
Emission

of Radiation

la khuéch dai &nh sang bang

BU'C XA CUONG BUC
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Van dé ky thuat Laser

CANTHO UNIVERSITY
Piéu kién tao laser: Tinh don sac (chi phat mot
budc séng) Cau triic modi trudng nguyén tU chi hai
muc niang luong-> Moi truong hoat tinh-> Khong
suy bi€n vé 2 muc niing luong

Anh sdng c6 budc séng tir 360 nm dén 780 nm.

E. E, h k.

AB

Maéi truong hoat tinh c6 thé 1a chat Ran —Laser ran: hong
ngoc, da rubi, cdm thach, chat ban dan...1a chat khi-laser khi :
He-Ne, Ar, Co,~ Chat 16ng nhu dung dich hitu co - laser
thay d®i mau



®) HOAT DONG LASER
Binh thudng: khong cé ning luong cung cap, su chuyén
muc E, 2 E, xay ra thua thét = khong c6 laser

CANTH

Khi c6 Pumb: ¢é su chuyén mic E, > E, (Pdo nguoc mat

N
do) i N
Bubn cOng hudng
Moi truOng

O O O O Guong hoat tinh E

phan Tia Laser
Xa

OO OO O O E %

Tac nhan kich thich

Ngoai ra con qué trinh chuy€n xudng tu phat khong tao laser.

Tém lai trong Laser ¢6 qua trinh thay ddi theo thoi gian cQa
mat d0 hat 6 2 muc ning lwgng, diy la van dé nhiéu loan
thay d6i theo thoi gian cla 2 trang thai trong méi truong hoat ™



=

khoaVJe S, coatV?

tu.edu.vn S



Dao Laser — x6a vét xam- cat bo cac khoi
thit mo thira- chan long




May cat laser




Laser giai tri va vi khi




“ Laser va bai toan nhiéu loan

CANTHO UNIVERSITY

* Pay la bai toan chuyén murc cta e gilrka hai
trang thai cé nang lwong khac tao ra mot
photon anh sang. Ta gi®i thi€éu mot thé nang
nhiéu loan phu thudc th&i gian (nhiéu loan kha
bé) tlr dé khao sat qua trinh birc xa va hap thu
cua nguyén tw goi la bwéc nhay lwong tw

* Tém lai: Do c6 nhiéu loan theo th&i gian ma cé
sw chuyén murc trang thai lwong tte. Piéu nay
khong c6 qui luat twong trng nao trong co dién

27 |
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Nhiéu loan phu thudc th&i gian

CANTHO UNIVERSITY

Xét 2 trang thai (khéng nhiéu loan) rng véi hai mirc
hang lwong khac nhau cua Hamiltion H° khong NL.:

A’ B

Va\

HO A A A’HO EB B
and( N ) W (4.22)

Ton tai mot té6 hop tuyén tinh ctia 2 ham séng
nhay ciing la nghiém riéng cua H° : N

www.ciu.edu.vn J




“ Nhiéu loan phu thudc th&i gian

CANTHO UNIVERSITY

(0) ¢, A Cp

H° 0) E° (0) (4.23)

4.23 la cac ham song khéng gian, con ham séng
tong quat gom ca hai thanh phan khoéng gian va
thoi gian
1E
(1) ¢,y 4 eXp(Dd t)

Cq Bexp(ludﬂt) (4.24)

29 |
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“’ Nhiéu loan phu thudc th&i gian
canounversy s Lan lwo't [a xac suat ma hat & trang thai &=

AIZ q Blz cO nang lwong la E, va & nang lwong la
Edandk E;  Diéu kién chuan héa cho ta:

kT EXF 1 @25

Khi bat thé nhjéu loan phu thudc thei gian H'(t). Ham song
c6 thé biéu dién & t6 hop tuyén tinh cé6 dang 4.24 nhwng
cac hé so c la phu thudc thoi gian

© e ) exp(%t)

RO exp(%ﬁ-t) (4.26)

Nhw vay muc dich cua bai toan la giai tim cac ham c(t).

WWW.CTU.edu.vN <



’ Van dé lién quan dén hoat dong laser

e« o N@u chua cé bom Kkich thich ¢ A(t=0)=1, ¢, (t=0)=0 :
Hat khong & mUc ning luong cao E, ma 6 muc E,

Néu bat bom kich thich sau th0'1 gian du 16n
cA(O)—O ¢,(0)=1 : Mat do bi ddo Ion

 Khi phat laser xong &> mat dO veé trang thai dau
- kich thich ti€p = can gidi tim nghi€m chinh xac cla
cac ham c,(t), c,(t) theo thoi gian vGi di€u ki€n la:cac
ham séng thoa phuong trinh Schrodlnger phu thuOc

Va\

thoi gian: H H° H'(t) (4.27)

H (t) 1DJ (4.28)

Tw cac phwong trinh 4.26, 4.27, 4.28

www.ctu.edu.vn _




Bai tap 11W

CANTHO UNIVERSITY

Tw cac phwong trinh 4.26, 4.27, 4.28 dwa vao
2.1 dan ra phwong trinh xac dinh sw bién
doi theo thoi gian ctia mat do xac suat cua
cac trang thai

Hoat dong cta tim ciing thay doi theo thoi gian

www.ciu.edu.vn J



A

Hwéng dan: tim phwong trinh 0 0° H'(t1) (4.27)
A0 ) nhiéu loan phu thudc thoi gian
0 i 029

CANTHO UNIVERSITY

Vé trai
: T
c,(t) H’ A exp(lﬂdE t) cg(t) H’ B exp(lﬂ t)

c,() H , exp(lﬂd t) cxg(H)H | exp(lﬂﬂ t)
Vé phai

dc 1E dc 1E
s t) ——
() exp(mm ) i xp (1
1E 1E 1E 1E
C, A[lﬂd]exp(lﬂﬁt) Cp B[Dﬂ]exp(ﬂit)}

Hai s6 hang dau & vé thir nhat thi khir hai sﬁ'w%_lgg uli o vée-tha-l¥di

eau.vn



iﬂ{%ﬁl AexP(éDEé.t) d?ctﬁ- Bexp(éDEﬁ.t)} (4.29)

Lay tich trong , v&i 2 vé 4.29 ta sau dé dung di€u
kiEntrwc giaotaco A A=1, A B =0,

xof i Jooommn e, of i Jorpimminy

i %exp(%t) (4.30)
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Phwo’ng trinh con lai

CANTHO UNIVERSITY

Twong tw lay tich trong , véi 4.29 ta
co:




Str dung tich chat Hermitian H’

CANTHO UNIVERSITY

Hy § JH § Ha* (432 430and431:
d%ﬂ D-1 ¢, (OH',. ¢, (OH',, exp( ﬂﬁD—Eﬁit) (4.33)

dcdtt D-1 ¢, (DH',, cA(t)H'BAexp(ﬂﬁD—Eﬁlt) 4.34)

Hai phwong trinh 4.33 va 4.34 xac dinh cac ham
c(t) goi la cac phwong trinh Schrodinger phu thuéc
vao thol gian cho e c6 hai mrc hang lwong.

36 |
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Str dung tich chat Hermitian H’

CANTHO UNIVERSITY

O diéu kién binh thwdng cac thanh phan nam
trén dworng chéo cua matrix H’ la bang khong:
H’,,= H';; =0 Phwong trinh tr¢o thanh:

d_cdat(_t) D—1 ¢, (OH,, exp( i{_E%DhEé.}t) (435)
d_ccit(ht) D_1 CA(t)H'BAeXp(ﬂ%EQt) (436)

37 |
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Bai tap 12w: Bwé'c séng photon
cua Laser

CANTHO UNIVERSITY

* Chirng minh tw cong thirc Einstein, cho c la
van toéc anh sang thi:

d_cgt(_t) D—1 ¢ (OH' . exp( tamat)  (4.37)
d_C(;t(ht) D—1 ¢ (OH',, exp( smmat) (4.38)

Lwu y ; Trong cac treo'ng hop tong quat thi cac thanh
phan trén dwong chéo cua matrix H’ la khong triét tiéu

38 |
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CANTHO UNIVERSITY

Bai tap 13 W

Giai hé phwong trinh 4.37 va 4.38 trong diéu
kién ban dau: c,(t=0) =1, c,(t=0) =0, va toan twr H’
la mot nhiéu loan nhé. Tinh gén dling bac nhat
va bac hai cua nhiéu loan.

St dung diéu kién chuan héa la:

kLl kI 1 @25

39 |
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Hwéng dan
CANTHO UNIVERSITY S
* Trong diéu kién khdng c6 nhiéu loan
c,(t 0) 1 cx(t 0) O «c,(t) 1 cxz(t) O
Trong diéu kién c6 nhiéu loan, xét gan dang bac nhat

khi dao ham bang khdng thi ham dat cwc dai.

0 (D) 1

dt Thay vao 4.38

dc, (t) D- H',, exp( &t) dt

1 . 2 C
) (t) D- H',, (exp( i ,t)dt , mmm (439),

www.ciu.edu.vn J




Hwéng dan

CANTHO UNIVERSITY

Trong diéu kién c6 nhiéu loan, xét gan dang bac hai

(Bwa két qua 4.39 vao 4.37)

dc’ (t i .
+ D-cg)(t)H'BA exp( i ) (4.37)

dc@(t) D-1 D-1 H',, (t)exp( i ,t)dt' H, exp( i ,t) dt

c'(t) D- H',  exp( i ,t) D-H'BA (thexp( i ,t')dt' dt

Thay vao 4.35

41 |
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i Bai tap 14 (*)
Nhiéu loan v&i dang hinh sin

e Gia str toan tlr nhiéu loan 1a mot thé tuan
hoan hinh sin theo thoi gian:

H',, V,gcos( t) (4.41)
where: V. ( AIV B)

Xac dinh cac phwong trinh c(t) ciia cac hé s6 xac dinh
xac suat cua hai trang thai &rng véi 2 mirc nang lwong

E,vaE,

42 |
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Caclwuy

S dung cac phwong trinh 4.
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Thao luan

CANTHO UNIVERSITY

e Cac van dé quan trong

* 1- Pai so6 vector — Ma tran - Tri riéng vector
riéng

 2- Nhiéu loan bac 1,2,..k Khéng suy bién

* Nhiéu loan suy bién bac 2...

e 3- 'ng dung tinh ning lwong e trong NT
Hydrogen v&i cac HC Einstein — Spin-
Orbital - Zeemann

* 4- Nhiéu loan phu thuéc th&i gian.

44 |
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