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| Nhirng khéi niém co ban

1. Bulc xadién tw
1.1 DBinhnghia:

Blrc xa dién tir (hay song dién tir) lasy két hop

Wavelength, A

Electric vector

Magnetic vector

Amplitude] l‘\‘-\
cla dao dong dién trvong vatlr trudng vubdng goc
v@i nhau, lan truyén trong khong gian nh v sdng. é

Nodes ——;
Séng dién tir cling bi lwgng ti hoa thanh nhirng

"dot song" c6 tinh chét nhw céc hat chuyén dong

Direction of

propagation

goi laphoton.
Khi lan truyén, sdng dién tr mang theo nang
lrgng, dong lugng vathdng tin. Song dién tir véi brdc séng nam trong khoang 400

nm va 700 nm ¢ thé dwoc quan sat bang mat nguoi va goi la anh sang.

1.2 Phanloai

So6ng dién tir duoc phan loai theo budc song, tir dai dén ngan:

« Dao dong dién
« Tiahdng ngoai o
]

Short-wave radio

_ Microwaves T ‘ :,; L) s yGanma e
IR P [
Ry G

<1000 S 1 mier 10.001 micrometer

« Anh sang kha kién

« Tiatlr ngoai L =
o« Tiax L ’L

3| | : .
. g —f— Television, FMradio

- Tiagamma R T e

1.3 Nang lwon
Ve E=hv
Nang lvong clia mot hat photon cé buéc song A la
vGi h lahdng s6 Planck va c=299.792.458 m/slavan téc anh sang trong chan

khong. Nhu vay, buéc séng cang dai thi nang lugng photon cang nhé.
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2. Héluwong t
2.1 Sulwgngtlr héa nang lvgng ctia hat

Theo quan diém lwrong tt thi nang lwveng clia hat (cac phan tr, nguyén tlr hodc
ion) déu bi lvgng tlr héa, nghia la chi nhan nhitng giatri nang lvgng gian doan

Mai trang théi dirng clia hat s& (rng véi mdt giatri nang lwong xac dinhvatap hop
nhirng giatri nay ctlamot hat riéng ré s& dugc mot day cac giatri gian doan dwgc
goi lagidn do nang luvong.

Trang théi (ng véi mic nang lvong cue tiéu latrang thai 6n dinh goi latrang
théi co ban. Con nhirng trang thai khac c6 nang lvong cao hon goi latrang thai
kich thich. Trudng hop mét sb trang thai kich thich c6 cung nang lw ong thi goi la
trang thai suy bién

Vay mot hé lvong ti thi cé thé languyén tlr, phan tlr hodc ion. Duwgi day ta tim

hiéu cac mirc nang lvong clia nguyén tir va phan tir
2.2  Nguyéntl

Céc mirc nang lwgng clia nguyén tir va ion do sv phan bo dién tir & cac quy dao
khac nhau

Hinh anh minh hoa cac mirc nang lvgng cliia nguyén ti hidro, khi cac electron &
cac quy dao khéc nhau sé ¢6 nang lvong khac nhau, vacac giatri nang lugng la

gian doan
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Phéan tlr c6 cdu tao phic tap hon nguyén ti. Trong phan ti thi cac trang thai nang
lvgng phan ttr do :
e Sy phan b6 dién tlr & cac quy dao khac nhau
«  Chuyén dong dao dong trong phan tlr
e Chuyén dong quay claphan tl
> Chuyén dong cua dién tr
Gibng nhu nguyén tl, phan t&r cling cé cac mic nang |l wong dién tir khac nhau
tly theo su phan bd dién ti trén quy dao
» Chuyén dong dao dong phan tir
do la sw bién thién tuan hoan cla phan bd twong ddi cac hat nhan trong phan
ttr. Nang luvgng clia dao dong cling khon g nhan nhitng giatri bat ki ma né bi
lvgng tl hdéa nhu nang lwgng dién i, nghta lachi hap thu vabirc xa photon (rng
v@i nhi*tng mirc nang lwgng dao dong thich hop
Khodng cach gilia cac trang thai nang | vong dao dong nhé hon nhiéu so voi
trang thai dién tr, ndi cach khac nan g lvgng kich thich dao dong doi hdi bé hon
» Chuyén dong quay cla phan ti
La sy bién thién tuan hoan kha nang dinh huéng clia phan ti trong khong

gian. Trong diéu kién lvgng t&r, nang lwong quay cling khong nhan nhitng giatri
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xac dinh. Tuy nhién khoang cach gitra cac mirc nang lvgng quay bé hon nhiéu
so véi nang lvgng dao déng

so do minh hoa cac mirc nang lwgng cla phan t&r

Figh energy 4

I \HHH\H

«—— Fotational lavels

Excited states

<« Vibrational leveis

Ut

!lll'!lili\il!iti HEJHHIIHJIF

-« Zlactronic levels

Low 2rergy Sround state (5
Trén hinh vé ta thdy (ng v&i moi mirc nang | wong dién t& ( electronic level)
lai c6 nhitng mirc nang lwong dao déng( vibration levels), v atrén moi mic nang

lvong dao dong lai cé cac mirc nang | wong do suw quay ( rotational levels)

3. Twong tac cua birc xa dién tlr véi hé lvong tir

Trong quatrinh twong tac gitra blrc xa dién tir véi vat chat, ta can phan biét
nhi*rng hién tvong lvong tir xdy ra bén trong va khong lwgng tir xay ra bén ngoai
Gia str chiéu birc xa dién tir c6 cuong do 1, dén mau vat thi tasé nhan duoc
Mot phan séng dién tir phan xa tr én bé mat vat chét, I5

Mot phan séng dién tlr tan xa lg

Mot phan séng dién tlr bi vat chat hap thu. .
Ia In / It

Mot phan con lai dugc truyén qua, I+ >

& day ching ta chi quan tam dén hién Ir ‘7 \\

twong lvong tlr, nghta la xé phan birc xa

Y

dién tir bi hap thu vaanh huéng lén

nguyén tr hoac phan tr trong vat chat



Twong tac gilra birc xa dién tir vai hé luvong tir GVHD: TS Phan Bach Thang

Khi hat nhan nang lvong clia blrc xa dién tlr thi hat sé chuyén tir trang thai nang
lvong thap E; |én trang thai kich thich c6 nang lvgng cao hon Ei

Vi qua trinh nay xay ra trong pham vi phan t hodc nguyén tir nén né chi tuan
theo céc dinh luat luvgng ttr, nghfa 1and chi nh&n nhitng gié tri ndng lwgng xac dinh

Nhu vay birc xa dién tlr s& bi hdp thu chi khi nao ning lueng ctia né ding bang
hiéu nang lvong gitra hai trang thai E; va Ey,

Céc hat khong & lau trén trang thai kich thich ma do nhirng tac nhan vat ly hat sé
chuyén tir trang thai nay sang trang thai khac . Ta goi d6 lanhiing dich chuyén va
ctr mdi dich chuyén lai hdp thu hay birc xa mdt nang | wong tuan theo dinh luat bao
toan nang lugng.

C6 hai loai dich chuyén ladich chuyén phat quang vadich chuyén khong phat

quang

3.1 Dich chuyén phéat quang

e Cécdich chuyén tlr mirc nang lwong thap dén nang lwong cao tao thanh pho
hap thu

e Céc dich chuyén tlr cao xudng thap tao th anh pho phat xa

e Trong dich chuyén phéat quang thi tn s6 bic xa hay hdp thu dwoc tinh bang

_AE
h

Pho hap thu vablrc xa ctia nguyén tlr gém nhitng vach riéng ré tao thanh pho

(@)

vach

Vi phan ttr do cau trdc gian d6 nang | wong phirc tap nén céc vach phd phan bo
s&t nhau tao thanh pho dam

Vi chét ban dan thudng cho phé lién tuc phan anh cu tric ving ning lvong cia

ching
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P(x)

L. Inafl

—_——
c)

Hinh B9. Cdc dang phé : a) Phé vach ; b) Phé dam ; c)PhE lién tuc.

3.2 Dich chuyén khéng phét quang:

La dich chuyén thyc hién trong qua trinh trong tac voi cac hé khac bén
ngoai

Vi du: do nguyén ttr va cham v@i cac dién tir trong phong dién khi khi d6
phan nang lugng ndi ma nguyén t&r c6 thém la do dong nang cla dién t&r gidm
di khi va cham. Con néu hat dich chuyén tir mirc nang lvong cao xudng mirc
nang lwgng thap thi phan ndi nang cta hat chuyén thanh nang lvgng nhiét cta
hat ttrc 1a dong ning dé hat chuyén dong hon loan

O day chang ta chi quan tam dén cac dich chuyén phat quang

4. Cé&cquy tac chon loc

Trong co hoc lwong tir chirng minh rang, tap hop cac mic ning lwong cé thé chra
phai |aphé thuc ciiand. S di nh vay vi khong phai tat ca cac dich chuyén lugng
tlr déu cd xéc sudt dich chuyén 16n nhu nhau.

Chi nhi*rng dich chuyén nao théa mdt so diéu kién nhat dinh dwoc rdt ratlr dinh luat
bdo toan dong lvgng méi co thé xay ra. Chuing goi lanhirng dich chuyén cho phép
Céc dich chuyén khéc khdng thda man céac diéu kién trén déu cd xéc suét bang
khong hay xdp xi bang khong goi la dich chuyén cdm

Nhiing diéu kién dé xac dinh dich chuyén la dich chuyén cdm hay cho phép goi la
quy t&c chon loc

Da&i v6i nguyén tir tudn theo lién két (L,S), quy tac chon loc dugc viét nhr sau

AL=+1
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AS=0

AJ =0,%1 (trir dich chuyén tlr J=0 dén J=0)

Vi trong phan t&r c6 nhiéu mic nang lvgng nén quy tac chon loc dugc viét riéng
cho tirng loai

Chéng han di véi cac mic nang lvong dao dong, cac dich chuyéncho phép | adich
chuyén gilr hai mirc nang lvong canh nhau, tirc la

Av=+1

Dai voi dao ddng quay

AJ=+1

5. Mot so khai niém

5.1 Nong do trang thai

Néu trong moi trwdng c6 nhiéu hat thi & trang thai co ban vatrang thai kich thich sé
ton tai nhiéu hat.

S0 hat trong mot don vi thé tich trong trén mot trang thai thi goi landng dd trang

thai. Trong diéu kién binh thuwong cac hat tuan theo phan b6 Boltzman

5.2  Phuong trinh dong hoc xac dinh sw phan bé néng do hat

Dé dinh lwgng qua trinh dich chuyén ta dung khéi niém van téc clia qua trinh
Van téc tich Ity ctia mire kich thich i nao dé duoc tinh bang

> N, trong d6 y, laxéc sudt dich chuyén tir mirc k xuéng mic i

ki
Van téc nghéo hda clia mic Kich thich i nao do dwoc tinh bang

Dy N, trong d6 v, laxéc sudt dich chuyén tir mic i xudng mic k

ki

Phuong trinh dong hoc cua trang thai i

diN
! =2Nk YH"ZN:T*

dt‘ k=L k<h

53  Thoi gian song
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Khi quatrinh tich | Ty ngung thi ndng dd mirc i bat dau giam xuéng, va dugc biéu
dién theo phuong trinh
ZN Y ik
k=i

Nhu vay nong do s& gidm theo ham mii theo thoi gian

N; () =N, exp{ EMJ

k.t]

Toc do bién thién ndng do phu thudc tong xac sudt nghéo hda ctiamurc i

=2 Y

k=i
Thoi gian sdng cla trang thai dwoc dinh nghia lathdi gian ndng do hat trén trang

théi giam di e 1an va dwoc xac dinh bang biéu thic

1 1
A XA
o
Vay : Thoi gian gian song cllamét trang thai phu thudc tong xac suat cta
nhitng dich chuyén ty phat xuong trang thai thap hon i, térc la xac xuat ngheo
hda clamtci.
Vidu: tinhthoi gian sdng & mrc laser trén cla laser He-Cd: khi biét c6 hai

dich chuyén véi céc xéc sudt tvong (’ng nhr hinh vé

Figure 4-2(a) Two laser Cadmium T
transitions of the He—-Cd
laser, along with their ] .
associated radiative ! 1 Bg
transition probabilities | 2 T8 2
£ |2 s 3=
2l 2|2
2 &3 g3
1 l — HI b“
PR it - i H
{. <€ o=t
i
O S, o
H pa/,e
v 2
- ZPQ
1
“2

Dvavao dinh nghia thoi gian sdng ta tinh duoc:
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I 1
‘[uz =

YAy 7.8 x10%s7141.6 x 105 571

— _ -6
= A0 %105 o 1.06 x 107" s.

Thoi gian s6ng cla trang thai thi phu thudc theo nhiét do, khi nhiét do tang thi
thoi gian sdng sé giam. D0 thi sau day minh hoa cho két luan nay

B et e s o g

Lifetime {microseconds}

1 X Figure 4-6 Decay time of
[ T S A St e | the upper laser level of
5] 50 100 150 200 250 300 350 400 450  a titanium sapphire laser
material as a function of
Temperature (K} temperature (K)

D0 thi trén cho thay sy thay doi cliiathdi gian song clia mikc trén laser titan
sapphire theo nhiét do
Khi nhiét d tang thi thoi gian sdng giam di.
=) Chinh vi vay trong ki thut laser nguoi ta phai gitt nhiét do 6n dinh dé laser c6

thé hoat dong on dinh trong qua trinh l1am vi éc.
54 Micsiéubén
Khi nghién clru vé laser mot kha niém can phdi duoc quan tam lamic siéu bén

(metastable level)

10

Céc trang théi binh thudng cd thoi gian sdng rat ngan khoang 10 s .

Céc trang thai c6 thoi gian song I6n goi latrang thai siéu bén khodang 10 - 10 s
Y nghia mc siéu bén

10



Twong tac gilra biic xa dién tr véi hé lwgng ti GVHD: TS Phan Bach Thang

e Mtc siéu bén co thoi gian sdng 16n do d6 do rong mirc nang lvong
nhd vavach phé hep (don sac)

e DE tao dwgc mat do ddo 1on thi mikc laser trén phai cé thoi gian sdng
I&n do do6 thuong chon mirc siéu bén

Vidu:
Trong laser Nd:YAG:  1,~23x107s
Trong laser Ruby 1,~3x107s

So do6 sau cho thdy mirc laser trén E, trong laser ruby la mirc siéu bén vamirc

nay co thoi gian song c& 0.003s.

Absorption 3 Non - radiative
bands of the gy transitions to the
chromium metastable state

Cr +ions from the pumped levels.

Green light

absorbed ? Laser output in extreme

red at 694.3 nm
s Metastable

V\]\/W state \/\/\/\/\/\f‘

Blue light =~

absorbed 4 L \/\_/W\fv'
Stimulated \/\/\f\f\[\,.

Emission 1.79¢V

Il Cac quatrinh dich chuyén lwgng tir
Khi hé ton tai & trang thai can bang, khéng tiép nhan céc kich thich tir méi tr vong

bén ngoai, hé dién t&r chiém cac mic nang lwong thap nhat, goi la cac mirc nang
lvong co ban.

Khi xudt hién cac kich thich tir bén ngoai, chang han nhu tac dung cla birc xa, cla
electron, ion khac hodc cua dién trwong, nhiét do, ... hé dién t& bi kich thich va
chuyén 1én cac mitc nang long cao hon, goi la céc trang thai kich thich.

X ét hé gom céac nguyén tir cung loai va bd qua céc twong tac véi nhau. Trong hé
chi ton tai cac hai trang thai nang lwvgng chinh : trang thai co ban cé nang luvong E;
vatrang thai kich thich c6 nang lwgng E,, vGi cac mat dé hat tvong ing [a N, vaN..
Hé nay tuong tac vai mot birc xa dién tir co6 mat do phé nang | vong o(v). Méat do
phd nang lwvgng cua birc xa dién tir 1a dai lvong dac trwvng cho nang lwong cla bic
Xa truyén qua mot don vi dién tich trong mot don vi thoi gian ¢6 &rng véi mot tan sb
xac dinh v. Mat dd pho nang lugng thé hién cuwdong do va sv phan bé nang lwvong

theo tan so blc xa.

11
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Theo Einstein, néu hé & trang thai can bang nhiét dong véi mdi tr wdng xung
quanh thi cd thé xay ra 3 loai chuyén doi gitta cac mic nang | wong la hap thu, bic

xa tu phat vablrc xa cu@ng blrc (cam ng).

E2 e EZ & E2
N ANNA hv, ANN»DV
AN ANNA- Wh\;
hv AN hy

Trang thai co’ ban ! E4 - E,

Trang thai co' ban Trang thai co ban
Hinh 1. Minh hoa céc qua trinh hap thu, blc xa tw phat va btrc xa cudng birc (cadm

tng) (theo th tu tir trai sang phai)

1. Dich chuyén hép thu

La dich chuyén cua nguyén ti tlr trang thai nang lwong thdp E; Ién trang thai
nang lvgng cao E, dwdi tac dung cla truong ngoai khi hap thu mét photon cé nang
lvgng dang bang hiéu nang lwong gitra hai muec :

hvi, =E, - E;

S6 lwgng cac chuyén doi phu thudc vao sd nguyén tir N, & mic E;va sd photon
¢6 nang lvong hvy,. SO photon ¢6 tan sd vy, phu thudc vao mat do phod nang luong
o(v). Khi xay ra dich chuyén hép thu thi s0 nguyén t & trang thai nang lwong E; la
N; gidm. S6 nguyén ttr N, giam do dich chuyén hdp thu xac dinh bang biéu thic :

dN; = -B1:N; — o(vyp)dt

v0i By, lahé so dac tring cho xac sudt dich chuyén hép thu.

12
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2. Bulrc xa tu phat

trong qua trinh nay, nguyén t& chuyén tir trang thai kich thich c6 nang | wvong E,
vé trang thai co ban c6 nang luong E; mdt cach tu phat va birc xa ra photon cé tan
S0 hv. Chuyén doi ndy xay ra mot cach ngau nhién va khong chiu anh hudéng cla
truong ngoai. Do d6 nguyén tlr birc xa cac photon doc lap véi nhau, mac d u cung
tan s6 nhung khac pha va huwéng truyén, huéng phan cuc khac nhau. Vi vay, birc xa

tw phat khong dong bd, khong dinh huéng va doc 1ap véi bic xa bén ngoai.

3. Blrc xacam trng

Trang thai kich thich

& ?—EZ Hinh 2. Céc dich chuyén hép thu,
:W A :wv- brc xa va blrc xa cdm lng va cac

B1z :An :Es21 hé s6 dac trung cho xac suét dich
s O E, chuyén.

Trang thai co ban

La chuyén doi clia cac nguyén tr tir trang thai kich thich c6 nang luwong E, vé
trang thai co ban c6 nang luong E; duw6i tac dung clia photon cla trwong birc xa bén
ngoai co tan sd vi,, lam blrc xa mot photon c6 tan s6, c6 pha dao dong, mat phan
cuc va hwéng chuyén dong giong véi photon kich thich. Nh v vay birc xa cuéng birc
co su dong bod va cung hwdng véi birc xa kich thich bén ngoai, c6 tinh dinh hwéng,
don sac vakét hop.

S6 cac chuyén doi cwdng birc phu thudc vao sd nguyén tir @ mic nang luvong cao
E, vasb photon c6 tan sd vq, trong tridng bikc xa t¢i, nghta la phu thudc mat do pho
nang lwong clia bic xa. Trong khi d6 s6 cac chuyén doi tw phat chi phu thudc v ao

sO nguyén tlr & mirc nang luong cao E, makhdng phu thuéc mat dé pho nang lwong

13



Twong tac gilra birc xa dién tir vai hé luvong tir GVHD: TS Phan Bach Thang

blrc xa bén ngoai. Ca hai qua trinh birc xa tv phat va btrc xa kich thich 1am so luvgng
nguyén ttr & mic E, gidm di mot luong :
dN3 = dNog, + dNog = No[Ag; + Baio(vip)]dt
trong d6, dNyg, las0 chuyén doi tu phat
dN.¢ lasd dich chuyén cudng birc
A, lahé s6 dac tring cho xac suét dich chuyén tu phat
B, lahé so dac trung cho xac suét dich chuyén cudng birc
o(v12) lamat dd pho nang lvong blrc xa
V6i gia thiét hé & trang thai can bang nhiét dong v&i madi tr wong vahé chi ton tai
hai mic nén sb nguyén tir & trang thai E, tdng bao nhiéu thi sd nguyén tir & trang
théi E, gidm bay nhiéu va nguoc lai, do dé ta cé :
dN; == N1B1oo(vi)dt + No[Az + Byo(vip)]dt
dNz = = No[Az + Bao(vip)]dt + NiBioo(vip)dt
Trong diéu kién can bang nhiét dong vai moi tr wdng bén ngodi, mat do cac trang
thai nang lvong khong thay doi theo thoi gian, nghia l a:

AN, o yy N2
dt dt

Do dbétaco: Nz[A21 + 8216(\/12)] = NlBlzCT(Vlz)

0

hay : &: B126(\’12)
N, Ay+Byo (V12 )

O diéu kién can bang nhiét dong, s6 wong cac hat tuan theo phan b6 Boltzmann,

nghia la:

vGi  Z:hang s6 chudn hoa
N : tong so hat
g : luong théng ké hay bac suy bién cla trang thai cé nang | vong E;

vi vay ti s6 mat do gilra hai trang thai nang | vgng cé dang :

_E-§ _hvip
N, :g_ge KeT :g_ze KT

N, g 9

K&t hop cac phuong trinh trén, taco :

14
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B,o (Vlz ) _9% e_%
Ay +Byo (V12 ) 9,

_hvip

B126(v12) = [A21 + B216(vio)] Do gt
1

Trdosuyra: o(vy,)=

2

Céac hé sd Ay, By, va By, goi la céc hé s Einstein. DE tinh dwoc so cac chuyén
mic blrc xa, ta phai xac dinh duoc cac hé s6 Einstein nay. Khi nhiét do cla hé tién
dén vo cung, T — oo, mat dd pho nang lvong o(v1y) cling phai tang dén vo cling. Do
d6 mau s6 ciia biéu thirc trén phai tién t¢i 0 khi T — oo, Tl d6 ta c6 lién hé gilta cac
hé s6 Einstein :

&Bm =B, hay g1B1, = 9:B2;

2
Trong truong hop cac nang lwgng nay khong suy bién, ta c6 B, = B,y (g1 =g, = 1).

Thay céc gia tri nay vao biéu thktc mat do phé nang luong, ta co

A 1
o(vy)= g 2
Ez.Blz ekBT 1

( )_8nn3 1
3 hv
C _
ekeT —1
v@i n lachi s6 khuc xa
o _ g, 8mn’
Twdoratra: Ap= —1.?.812

2

Nhu vay, biéu thic cho ta méi quan hé day di clia cac hé so Einstein, téc | a moi
lién hé gitta xac suat chuyén doi birc xa tw phat, xac suat chuyén doi hap thu vaxéc
suét dich chuyén bic xa cwéng bic. DE biéu dién qué trinh hdp thu va blc xa nang
lvgng clia nguyén t thi chi can xac dinh mot trong ba hé s Einstein, cac hé s6 ¢ on
lai c6 thé tim duoc thdng qua cac hé s6 quan hé trén. Thong thudng, ngudi ta xem
x&c sudt ctia dich chuyén birc xa tw phat A, 1a hang s6 cta hé lugng tir va céc tinh

toan |i thuyét déu duoc tién hanh theo hé s6 nay. Céc két qua tinh toan cu thé cho
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thdy xac suét chuyén doi blc xa tw phat d woc biéu dién qua binh phuong yéu t6 ma
tran ctia mé men lwdng cuc dac trung cho chuyén doi

4.3
_ 64n"vi,

2
Az = 3hc’g, P

VOi Py = J.\y*zls\uldv = ejwszldv

trong d6 hé s6 A, co thé xac dinh bang thic nghiém.

4. Lién hé gilra thoi gian séng va cac hé s6 Einstein

Gia slr bang cach nao do, nguyén tir duoc dwa tir trang thai E; dén trang théi E,.
Néu khong cé tac dong clia truong ngoai thi chi cd thé xay ra cac blrc xa tw phat,
khi d6 cac nguyén ti chi ton tai & trang thai E , trong mot khoang thoi gian ngan nao
do6 va tré vé trang thai E, sau khi blic xa photon c6 tan s6 v,,. S0 nguyén tlv 6 E,
giam di do btc xa tw phéat trong khoang thoi gian dt bang dN , = — N,A,dt. Mt
khactacd:

N,(t) = N,(0). e "=
Theo dinh nghTa, thoi gian séng trung binh ma nguyén tir ton tai & trang thai E»,
dwoc goi lathoi gian séng clia trang thai do, dwoc xac dinh theo biéu thirc :
1

t.dN
N0

T, =

Hay t,=-A, I te"2'dt = - ij' xedx = Ai
t=0

2130 21
Vay, thoi gian sdng trong trang thai kich thich ctia nguy én tr 1a dai lvong nghich
dao voi xac sudt chuyén doi birc xa tw phat clia nguyén tr tlr trang thai do vé trang
thai co ban. Nhu vay, néu xac dinh duoc 1, tasé dé dang tim dugc Aj.
Vi cuong do bic xa tu phat | ti 1€ véi mat do hat & trang thai kich thich v a xac
sudt chuyén doi, do d6 ta co :
| = AsNohvy,

1
Do d6 ta c6 thé suy ra biéu thirc cho thoi gian sdng T tlr biéu thire 1 : I1(t) = 1(0) e =

1(t)
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Tl day ta c6 thé thdy rd hon y nghia

vat ly cua thoi gian sbng t,. Trong

khoang thoi gian 1, cuong do birc xa 1(0) 1
tw phat (hoac mat dd nguyén tiv & trang

thai E,) giam di e lan.

Dua vao sy suy gidm cuong do buc

xa ty phat ctia nguyén ti khi chuyén vé

trang thai can bang, ta c6 thé xac dinh

1(O)/e ---------;
dwogc thoi gian song trung binh cla E
nguyén tlr & trang thai kich thich, tir d6 o :
tinh duoc xac suat chuyén doi tw ph&. Hinh 3. Sy phu thudc ciia I(t) vao t va

Théng thwong, ddi véi cac hé nguyén phuong phap xac dinh thoi gian song

tt, thoi gian séng trung binh t, xap xi
10785, do d6 xéc sudt chuyén doi Ay ~
10°s™.

5. Heé s6 hap thu ciia mdi trudng vat chat

Duva vao céc tinh toan trén, ta cé thé tinh duogc sv suy giam cuong do khi anh
sang truyén trong moi truong vat chat, hay kha nang hdp thu cia moi tr vong. Xét
anh sang don s&c, tan s6 v, truyén trong méi tredng chira cac nguyén tir c6 hai mirc
nang lvgng Eq, va E,; sao cho

E;-Ei=hvyp,

Khi blrc xa dién tlr truyén trong moi trwong vat chat c6 bé day dx thi cuong do
clia n6 suy giam mot lwong — dl = l.adx, véi o lahé sé dac trwng cho kha nang hap
thu clia moi trwdng, khi do ta tinh dwoc :

l,(x) = 1,(0) e
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Mt khac, dudi tac dung clia blc xa dién tlr o thé xay ra hai qua trinh chuyén
doi cudng birc 1a hap thu va blic xa cudng bic ddi véi photon. Su thay doi cuong
d6 birc xa khi birc xa di qua 16p vat chat dx gay ra do cac dich chuyén tr én bang :

— dl = [B12N16(v12).hviz — B2iN2o(vip).hvio]dx
Thay By = &Bn va cs(vlz):l:n—I v@i n lachiét sudt moi truvong, v [avan toc lan
9, v C
truyén cla btrc xa. Khi dé ta co :
—di = "B hviNg — 9L NJdx
c

2
Lay vi phan biéu thic 1,(x) = 1,(0) e **rdi so sanh v@i hé thiic trén, ta duwgc hé so
hap thu

0 nhv,,
a=B_[N —ZN,]—2
2Ny g o) c

nhv,,

Néu g1 = g thi a=B,[N;—N,] c

D3&i voi hé ¢ trang thai can bang nhiét dong thi sO trang thai c6 nang lwong thip
bao gio cling Ién hon s6 trang thai cé mic nang lwgng cao hon E,, nghia laN; > N,
va hé s6 hap thu o bao gio cling la mét dai lwvong duong. Trong trvdng hop nay blc
xa dién tir sé gidm dan khi lan truyén trong mdi tr wvong vat chat.

Nguoc lai, néu bang mdt cach nao do, ta pha v sw can bang nhiét dong, 1am
cho mat do céac trang thai co nang lwgng E, 1on hon méat do trang thai co nang lwgng
E;, hay N, > Ny, hé s6 hdp thu o S8 nhan gia tri am. Diéu nay c6 nghia la mbi
truong truyén nang lwong du trir cho birc xa ngoai va khuéch dai truong birc xa
ngoai khi lan truyén trong moi treong vat chat cé mat do trang thai N, > N;. M
truong nhu vay duoc goi la moi trwong hoat tinh (hay hoat chéat) va céc trang thai
nay dugc goi latrang thai mat dé dao 16n).

Mot cach hinh thirc, méi trweong hoat tinh con dwgc goi la moi trwong nhiét do
EZ_El

am, bai vi theo dinh luat Boltzmann, ta c6 %ze T Néu E,> E; va mudn cho
1

N, > N thi giatri nhiét d0 T phai am. Tat nhién gid thiét nay chi c6 tinh hinh thirc,
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do hé hat trong diéu kién khéng can bang nén khong thé md ta bang théng ké
Bolztmann.
Nhu vay, khi blic xa dién tlr truyén trong moi tr vong hoat tinh thi s& dwgc khuéch

dai va diéu nay chinh la co s& cla Ki thuat laser.

6. So lwgc vé moi treong mat do dao 16n

NEu mot moi treong hoat tinh cé hai mic nang lvong E; va E,, ta ¢ thé kich
thich dé mot s6 nguyén tlr chuyén tlr trang thai c6 mic nang |wong E; sang mirc
nang lvong E,, két qua laN; s8 gidm va N, tang dan. Tuy nhién, khi N, tang thi xac
sudt xay ra qua trinh phét xa cling tang, nghia la qua trinh nguyén tr chuyén tir trang
tha kich thich vé trang thai co ban tang valam gidam N,. Cudi cung hé sé dat t6i
trang thai can bang va khéng thé tao ra méi trudng N, > Ny, hay hé lvong tir v6i hai

mrc nang lvong E; va E, khong thé tao ra moi trueong mat do dao Ion.

E. . . s o s 2 s oz LA
h “tiv Hinh 4. So d6 va cac dich chuyén doi vai hé
A I Anns
AN - : Wh\-’ 2 ml]’C.
Bz 1 Bz
E,
0000000

Pé tao mat do dao 16n, khi d6 nguoi ta tao ra moi treong hoat tinh trong dé
nguyén tl sé c6 3 (hodc 4) mic nang lwong E,, E, va E; sao cho thoi gian séng cla
nguyén tl & mirc E5 rdt nhd so vai thoi gian séng & muc E,. Bang phwong phap
bom quang hoc hodc bom dién, nguoi ta kich thich cac nguyén t&r chuyén tir trang
thai c6 nang lugng E; 1én mic nang lvong Es. Vi thoi gian song cla nguyén tir &
mic E3 nhd hon nhiéu so véi thoi gian séng & mirc E, nén nguyén tl nhanh chéng

chuyén vé mirc E,. Két qua la ta dat duoc trang thai mat do dao 16n véi N, > N.
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E2.N2 E\J NJ
A AN
AN
v, —E3 E V. _E-E WE -E.
3 h =E2-E. 4 h S Rl
AVAVAVL o Vo h A az h
ATATAY o
A A
RATAYAY
E;,N,=O O E\,N; =O )

Hinh 5. So d6 va céc dich chuyén trong hé lwong tlr 3 mikc (trai) va4 mirc (phai)

Hién nay co rat nhiéu chét khi, rdn hod c 16ng dwoc str dung 1am méi truong hoat
tinh cho laser. Laser khi c6 cac hoat chét 1a cac khi don nguyén tr (Xe, Ar ...) cung
céc ion clia ching hay cac hon hop khi don nguyén t& nhu laser He — Ne rét thong
dung hién nay. Trong nhiéu truvong hop, nguoi ta co st dung khi phan t& nhu N, O,
... hay hon hop khi phan t& nhu CO, — N, — Ne hodc CO, — N, — H,0 ... . D8i voi
laser ran, cac hoat chat c6 thé |a cac chét tinh thé hodc vo dinh hinh co phatap cac
ion nguyén td dat hiém nhw Nd**, Cr** ... Dién hinh lalaser rdn hdng ngoc Rubi va
laser YAG (Yttrium — Al — Grenat) c6 hoat chét 1a Y 3LasOq, pha tap ion Nd** rat
théng dung hién nay. Mot s6 laser ban dan str dung hoat chét | & cac ban dan phat
quang nhu GaAs, RbS hay RbTe ... . Cu i cung, cac laser 16ng st dung hoat chét 1a
cac chat mau hitu co (laser mau), véi nguén bom thuong la mot may phat laser
khéc.
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11 D0 rong ctia vach pho
1. Do rongctamirc nang lwong

Cac mic nang lwvong clia hat khi khéng ¢ tac dong tir bén ngoai nao vao hé
thi cac mic nang lugng déu co moét dd rong nhat dinh. 6 rdng clia cac mirc

nang lvong co thé dwoc xac dinh bdi nguyén ly bat dinh Heisenberg

AE=" trong d6 h: hang sd Plank, t : thoi gian séng
T

Nhu vay do rong ciia mirc nang lwvgng cang 16n néu thoi gian sdng cang nhd. T
do ta dua ra mot s6 hé qua
* D&i v&i mic siéu bén co thoi gian sdng 1én nén do rdong nho.
« Mirc co ban co rét I&n nén coi nén ¢ d6 réng bang khdng

 Cac murc kich thich cé thoi gian sdng nhd nén c6 do rong khalén.

2. D0 rong tw nhién clia vach pho

Do ¢0 sy nhoe héa mirc nang luvgng, nén ngay khi khéng bi kich thich, nhirng
vach pho btrc xa hay hap thu clia nguyén ti cling ¢é dé rong nhat dinh goi la do
rong tuw nhién.

Nhuw vay do rong tw nhién duoc dinh nghta la do rong cia vach pho nguyén
t&r dirng yén, cb lap, khong bi kich thich.

Sv khéng xac dinh giatri tan s6 chuyén mirc gitta hai mirc nang lvong dwoc xéc

dinh bé&i d6 rong clia ching nhu hinh bén dudi

AE,
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Power A
Sportanecus ~ POWer Eluorescence Em luorescence
Em E:_?smn Line-shape Line-shape
= =>
‘%ﬂ- A~
En ———ro -
y.=L v En
075, Frequency S

VO;% Frequency
Trén hinh vé tathay néu cdc mic nang lvong E,, va E, khong co bé day thi phd
thu duoc s& ¢6 do rong rat hep gan nhw don séc
NEu cac mikc nang lvong E,,, vaE, c6 bé day nhat dinh thi hinh anh pho thu
duoc s8 cd do réng
Sau day ta sé xét mot vi du dé lam rd hon van dé nay
Gia slr c6 3 trang thai nhv hinh vé

J(w)

Wy W3y

1
> So sanh cwong do cla 3 pho thu dvgc ta nhan thy:
- Vach 2-1 c6 cuong do |én nhat
Giai thich: mirc 2 c6 do rong Ién nhat -> thoi gian sdng clia n6é nhé nhat-> xac
suat dich chuyén I6n nhat -> sy dich chuyén clia hat tir mirc 2 xudng la nhiéu nhat -
> cwong do 16n nhat.
- Vach 3-2 va 3-1 cwdng d6 nho
Giai thich: mrc 3 c6 d6 rong nhd -> thoi gian song clia nd |6n-> xac suét dich
chuyén nhé -> sy dich chuyén clia hat tlr mirc 3 xudng la thap -> cwong do nho.
> Sosanh vé do rong vach pho
-Vach 2-1 ¢6 do rong I6n
Giai thich: vi d6 bét dinh Aw,, duoc tinh nhusau ~ A©x = %(AEz +AE,)
Ma AE, 16n do do Aw,, I&n
- Vach 3-2 va 3-1 ¢06 do rong khéc nhau, vach 3-2 rong hon vach 3-1
Giai thich: vi
Aw,, = £(AE3 +AE) Aoy = l(AE3 +AE,)
h 22 h
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Ma AE,+ AE,> AE, + AE,
Nén Aw,,> Aoy,
Tinh cwong do va bé rong vach pho

Dua trén quan diém lwong t& ta xac dinh dwoc cuong do vach pho theo cong thic

Sau
2
T
2
e =1 :
APy, —v ) + yz"'

Trong dé6 vy, : Xac suat dich chuyén tlr trang thai k veé trang thai i
Nhan xét tathdy cuong do vach pho tuan theo phan bo lorentz ( phan bo lorentz

theo todn hoc cé dang) nén dudng vién vach phd con goi la dwong vién Lorentz

I{)

©, ®
Hinh 1.3. Dudng bao Lorentz.

Dinh nghta do rong vach phd: lakhoang céch tan sb gitra hai diém mad do
cuong do vach phd bang Y4 giatri cwc dai ciano
Yui

tir bigu thire | _ 1o thay vao ta duogc Av, = 5
( 2 T

3. D0 gian rong Doppler cta vach quang pho
3.1 Hiéu tng Doppler - Bo gian rong Doppler
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Khi cac nguyén t biic xa tan s6 v, chuyén dong véi van toc v thi ngudn thu birc
xa theo phuong ox lam véi phwong clia v mot goc 6 . Theo hiéu ting Doppler thi tan
sO birc xa thu duoc l1a

VoSO

)

v =v,(1+

Khi cac nguyén tr ¢ van toc tuan theo phan bd Maxwell

mv?

F(v) =const. e 27 (VGi V2= v,” +V2, +v7)
S6 nguyén tr birc xa

mv?

dN= const. e T dv,dv,dv,

ta co xac sudt tim thdy s6 nguyén tlr c6 van toc v, trong khoang [vy, v,+dv,] la

dp = \/Ee‘“f av, VO B = |k
T 2RT

u : lakhdi lvgng nguyén ti blic xa

T hiéu (ng doppler suy ra:

VX=£(V—V0) , de=£dv
Vo o

Cuong do vach quang phd 1 dv trong khodng tan s6 v, v+dvti 1é véi s6 nguyén
tlr birc xa dN ¢6 van téc vy, masd nguyén tlr nay ti lé voi dp

Tinh ra ta dwoc BCZ[VV()]Z
l,=1,e

Vo

Nhu vay cudng do phan b6 theo dang Gauss
. I
Trlg== tasyra 2vyin2 _2y2in2RT

T o

_ /T
Suyra Al ,=7.16.10 N o
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3.2 Madi quan hé gitra nhiét do va do gian rdng Doppler

Dwa vao cong thirc xac dinh do gian rong Doppler
X o JEOPE _71610’77»/7

Tathdy khi nhiét d6 cang I¢n thi d6 dan rong T T

20
cang tang

Hinh bén mo ta s bién thién cltia d6 gian rong

~
-]

Doppler theo nhiét dd clia hai loai laser Ruby va
Nd: Yag

Linewidth (cm 1)
N

Nhu vay trong kT thuét laser dé anh sang laser

©

thu duoc cang don sac ( do réng vach phé hep) thi

phai gilr nhiét do clia mdi truo'ng hoat chat thap

0 100 200 300
Temperature (°k )

3.3 Sosanh do gian rong Doppler so v&i do rong ty nhién
Dé so sanh cu thé vé hai do gidn rong nay ta xét mot vi du nhu sau
Vi du: x&c dinh dé gian réng Doppler cliavach 6563A0cué nguyén ttr H
Giai :
Dai v6i hidro M=1, xét & nhiét dd phong T:BOOOK,
Dyavao cong thirc AL = 7.16.1077»\/% ta thu dugc AL ,=0,045A°

-5 o
Ngoai raciing c6 thé tinh dwoc do rong tv nhién khoang 7.10 A

Nhu vay tathdy: do gidn rong Doppler rét Ién so voi do gidn rong tw nhién
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Bang du¢i déy so sanh dé gidn rong Doppler (Av,) so v&i dd gian rong tu nhién

(Av,, )& mot sb Laser théng dung

Doppler versus Natural Broadening

Laser species A (nm) Vi AG™H AvYN (Hz) Avp (Hz)
Neon (He—Ne) 632.8 0.012 3.4 x 10Q° 1.4 %< 107 1.5 x 10°
Argon ion 488.0 0.418 7.8 x 107 4.5 x 108 2.7 x 10°
Cadmium (He—Cd) 441.6 0.006 1.4 x 10° 4.5 x 107 1.1 x 10°
Copper 510.5 0.005 2.0 % 109 3.6 x 10° 2.3 x 10°
L Gaussian
a— line shape

Lorentzian

Intensity

line shape

(Doppler broadening)

(Homogeneous
broadening)

Figure 4-16 Comparison of
emission lineshapes from
two species radiating at the
same center frequency vy,
in which the total emission
is the same but with one

species homogeneously
broadened (Lorentzian

shape) and one Doppler
broadened (Gaussian shape)

Hinh vé trén so sanh dé gian rong Doppler ( tuan theo phan b6 Gauss) va do

gian rong tv nhién ( tuan theo phan bd Lorentz)
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3.4 Hinh dang ph6 khi xét dén do gian rng Doppler

Trong vt chét thi cac nguyén tir s& chuyén dong hon loan theo nhitng huvdng

khéc nhau. Khi gid sl tacd N nguyén tir & mirc kich thich E; chuyén xuéng mirc

thap hon E, vaphat rablc xa cotan 0 v.

Vi chuyén dong hon loan clia nguyén tir nén :

Da6i voi nhirng nguyén tir chuyén dong ra xa may thu thi tan s6 may thu nhan

dwoc € nho hon v

Da6i voi nhirng nguyén tir chuyén dong lai gan may thu thi tan s thu duoc s&

cotan sO 1on honv.

Tong hop tat ca cac birc xa tlr nhitng nguyén tlr nay sé cho hinh anh pho véi

doé gian rong géy rado hiéu trng Doppler nhu hinh bén dudi

QOverall
Doppler profile
TN _~ ofall atoms
ﬁ combined
Away
from -
observer //
\ Toward
" observer
a ot

\,

\

vV —

Natural emission linewidth (Lorentzian profile) of many
individual atoms traveling in different directions,
thereby producing an overall Doppler profile
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Figure 4-12 Shape of

a Doppler-broadened
emission line, indicating the
natural emission linewidths
of individual atoms radiating
while traveling in various
directions
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4. D06 gian rong do vacham (do gian rong L orentz)

Ngoai d6 gian rong do chuyén dong clia nguyén tr, phan t&r thi con cé su
gian rong do va cham gil*a c&c hat

Khi va cham céc nguyén tir trao doi nang lvong va nang lvong nay lam kich
thich nguyén tir

Tuwong tac do va cham gitra cic nguyén ttr lam mé rong vach quang pho

Cuwong dd vach quang phd khi co sy gidn rong do va cham duoc tinh bang

&) ]

I, =1, ) > Tog==
(v, —v)? +(] VNOTCG
To

2

Dang phan b6 Lorentz
Trong do t,: lathoi gian trung binh cla quéng dwong ty do
Vaciing tvong tw nhu trén thay 1=1y/2 ta tinh duoc do rong vach pho

P 2
AN =5.109\/G_T7»2 Trong do: P la&p sudt
1l

Nhu vay: do ma rong vach pho do va cham phu thudc v &0 dp suét, khi p suét tang
thi d6 mé rong tang
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