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LOI NOI PAU

Laser (Light Amplification by Stimulated Emission of Radiation) la mét
trong nhifng phdt minh khoa hoc quan trong nhdt cia thé ki XX, Tir phdt
minh ra ly thuyét bitc xg kich thich ciia Einstein ndm 1917, dén quan sdt
dugc bdng thuc nghiém bitc xq kich thich ciia Fabricant, gido su ctia trucng
BDai hoc ndng lugng Meskva ndm 1940, dd lg co s& dé Townes, nha vér Iy
hoc nguoi M§ phdt mink ra mdy khuéch dai séng dién tir bdng bitc xa kich
thich. Thdng 2 ndm 1960, Maiman di ché tao ra Laser Rubi, Laser ddu tién
irén thé gigi va 4 thdng sau tic thdang 6 ndm 1960, Javan dd@ ché tao ra
Laser khi He-Ne. T d6 dd ddy lén mét cao trao nghién ciu ché tao va tng
dung Laser. Cho tdi nay hdu hét cdc loai Laser rin, long, khi, ban ddn,...
trdi hdu hét cdc ddi séng déu di duge ché rao mang tinh céng nghiép va
Laser da duge vmg dung rdt rong rdi trong hdu hét céc nganh khoa hoc,
cong nghé va y 1€, Nhung iing dung quan trong nhdt ciia Laser phdi ké dén
thong tin cdp ot quang.

Khoa Dién tk - Vién théng truong Dai hoc Bach khoa Ha néi da dua vao
gidng day mén hoc “K¥ thudt Laser» tit nam 1975 va mén <K ¥ thudt théng
tn cdp sgi quang» tit ndm 1984,

Gido trinh’ “ Co s6 k§ thudt Laser» ndy s€ cung cdp cho sinh vién nhitng
kién thitc co bdn vé Laser va hiéu Laser nhu mot cong cu dé nghién ci ng
dung chung trong mot 6" chuyén nganh nhu ky thudt théng tin, ky thudt dién
Hy, dién tik - y sinh, cong nghé co khi, cong nghé héa hoc ...

Bdng nhiing cong cu todn va vdt Iy khéng phitc tap 1dm chiing t6i da trinh
bay nhitng noi dung co bdn cda Iy thuyét Laser ¢ ban doc hidu dugc bdn
chdt cria Laser. Trong d6 cdn chii y dén cdc hién tiong nhu bitc xaq kich



thich, nghich ddo néng do va modes cita Laser. Vi chi han ché trong mot s6
ung dung, nén chiing 16 chi khdo sat mét s6' loai Laser da duoc sin xudt
cong nghiép va cd img dung rong rdi. |

Trong gido trinh cde chiong 1, 4, 5, 6 do GS. TS. Trdn Pidc Hén
bién sogn, chuong 2 va phdn phu luc A, B do PGS. TS. Nguyén Minh Hién
bién soan va chuong 3 hai tdc gid cing bién soan.

Cdc 1dc gid xin bay 1 long cdm on 16i : KS. Lé Vin Hdi va KS. Nguyén
D4 Hing dd gitip d3 hodn thanh bdn thdo.

Cdc tdc gid rdt hoan nghénh ﬁkt?ng ¥ kién dong gép xdy dung ciia
ban doc.

Cac tac gia
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CHUJONG 1
CO SG LY THUYET LASER

1.1. PONG HQC TRANG THAI KiCH THICH

Nguyén 1y 1am vig¢c ctia nhitng mdy phét Laser (Light Amplifica-
tion by Stimulated Emission of Radiation) c6 quan hé rat mat thiét véi
tinh chit quang cda moéi trudng dac biét goi 1a méi trudmg nghich dao
nong do,véi khdi niém néng do6 trang thdi hay néng do clia mic 11 s6
hat d6ng thai tén tai trong mot don vi thé tich clia méi trudng & cling
mot trang thdi lwong tr hay nang lugng (xem phu luc 1). Nhu ta d3
biét, cdc hat, nguyén ti, ion hoac phan tit, cia mot moi trudmg bat ky
¢ the ton tai trong nhifng trang thai khac nhau, vi du néu khac nhau
vé cdu tric ciia ddm may dién tir, chia nhilng nguyén tir va ion thi goi 12
trang thai dién tlt, cdn néu khéc nhau v€ dic tinh chuyén déng tuong
doi cua nhitng ion trong phan t& thi d6 la nhitng trang thai dao dong va
trang thai quay.

Nghién cifu cdc dic tinh cia trang thai nguyén ti, ion va phan tir 1a
d6i tugng clla nganh quang phé hoc. J day trén quan diém vé Laser va
Maser chiing ta chi quan tAm dén nang lugng ndi clia hat. Nang luong
nay gdm dong ning va th€ nang clia dién tl trong d4m may dién tir clia
nguyén t¢ hoac ion. Con d6i v6i phan tir thi ching ta s& xét thém dong
niang, th€ nang va phan bd cdc ion trong phan .

M6i trang thii dimg cla hat s& tuong vng v6i mot gid tri nang
lwgng nhit dinh va tap hop nhilng gid tri nang lugng nay ciia mot
nguyén ti riéng ré€ s& dugc mot diy nhiing gia tri gidn doan (xem phu
luc 2) va duoc goi 1a gian d6 nang luong.



Trang thdt ing véi nang lueng cyc tiéu goi 13 trang théi én dinh
hay traug thai co ban cda hat. Con nhiing trang théi tng v6i nhing
nang luong ndi cua hat 1én hon trang thai co ban goi Ii trang théi kich
thich. S6 hat ton tai & mét trang thai trong mot don vi thé tich cha moi
trudng goi [a ndng d6 cia trang thai.

Néu trong mét trudng vat chit o6 rdt nhiéu hat thi & trang th4i binh
thudng hodc & trang thdi kich thich dong thdi s& tén tai rat nhidu hat.
Tap hop tat ca cdc nfng do clia cac trang théi cla méi trudng goi 1a
phan b6 néng d¢ theo trang théi va chinh phan bg nay s& dic trung cho
moi truong. Treng diéu kién binh thudng thi hdu nhu céc hat déu &
trang thdi binh thuong vi tuan theo phan b8 Boltzmaun. Mudn tiang
néng do & nhitg trang thdi kich thich cdn c6 tic dong ben ngodi vio
moi trudng vi dy bang biic xa, bing dong dien, nhiet hugng v.v.. va
n€u moi trudng chia nhiéu hat & trang kich thich s& goi 13 moi trudng
kich thich.

C6 thé c6 trudrag hgp, mot 56 trang thai kich thich lai Ung véi cung
mot gid tri ndng lueng, ngudi ta goi d6 1a nhiing trang théi suy bién. S6
trang théi ng v6i cling mot mic nang lugng goi 1a do suy bién hay
con goi la trong luong thdng ké cla mic v d6i v6i mic thit ¢ nao d6
ta ky hiéu 12 g, Ta s& goi s8 hat trong mo6t don vi thé tich cia moi
truong cé cung mot gid tri ning lugng 12 néng dé clia mdc va ky kieu
1a N;. Nhu vay nong d¢ ciia mic khéc vi néng do cla trang thai. Phan
nay ching ta di khao st k¥ trong gido trinh vat Iy dién ti.

Cac hat ctia moi trudng thudng khéng tén tai lau & trang théi kich
thich va do nhifng téc dong vat 1y, cdc hat c6 thé chuyén tir mitc ning
lugng (trang thai} nay sang mifc ning lugng (trang thii) khéc. Ta goi
dé 1a nhitng dich chuyén va cit méi dich chuyén hat s& hdp thu hoac
biic xa mot lugng tif nang Iugng va tuan theo dinh ludt bdo toan ning
luong.

Nang lugng bic xa hoic hdp thu khi dich chuyén c6 thé & nhimg
dang khac nhau, vi du kbi nguyén tir chuyén tir trang thdi ning lugng
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thdp lén trang thai ning tugng cao hon vi du do nguyén tt va cham vdéi
dign to trong phéng dién chat khi, khi d6 phan nang luong n6i ma
nguyén tif ¢6 thém la do dong nang cla dien tir bi giam di khi va
cham. Con néu hat lai dich chuyén tir mic nang lugng cao xuéng mic
nang lueng thap thi phin nang lugng noi thira cta hat lai chuyén thanh
nang lugng nhiét cia hat tic thanh dong nang dé hat chuyén dong hén
loan. P6 14 nhimg dich chuyén khong quang hoc hay dich chuyén
khong biic xa. Chiing ta khong quan tim dén céc dich chuyén niy.

‘Dich chuyén 1én hosic xudng c6 thé hép thu hodc bic xa mot lugng
tit néng Jugng dién tlr. Khi d6 tdn sd cta lugng 1 bidc xa hodc hép thu
s€ duge xdc dinh bing:

_AB

= 1-1
h (1-1)

trong dé : # - hing s6 Planck = 1,05.10™ Joule.sec vi # =% ;
AE = E ;- E, - hiéu ning lugng cla trang thai ddu va
trang thai cudi.
D6 1a nhing dich chuyén quang hoc.
Dé tign mo ta cdc dich chuyén quang hoc ching ta cé thé dung
nhilmng ky hiéu sau:

A - hat & trang thai thudng ;
A¥* - hat ¢ trang théi kich thich thip ;
AF* - hat & trang théi kich thich cao hon ;
At - ion duong ;

e - dién tr cham

& - dién tir nhanh ;

hv= her - nang lugng cha photon.

Vi du mé ta hat duge kich thich do va cham véi dién t&r nhanh ta s&
c6 ding thic:
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A+é =A*+e {1-2)

Dé dinh lugng qua trinh dich chuyén ngudi ta diing khéi niém van
téc cia quéa trinh: 13 s6 dich chuyén trong mét don vi thdi gian trong
mét don vi thé tich. T8¢ dé dé ky hiéu 1a M, thit nguyén cm™.sec™.

Ta s& phan biét van tdc tich liiy va van t6c ngheo hda. Van téc tich
lity cia mifc i ndo d6 s& 14 > M, vA van téc ngheo héa clia miic i 1a

k#i

> M, , téng s& 14y véi moi mic trit mic thit i 1a chinh mic dé.

k#i

D€ khdao sit su bi€n thién ndéng do6 cla trang thii ching ta hiy can
bing van tdc cla cic qui trinh tich liy va ngh&o héa:
dN;,
=M, -TM, (1-3)

k=i k«<i

D6 chinh 1a phirong trinh dong hoc diing dé x4dc dinh phan b6 néng
dé cua he.

Van t6c cia qua trinh ngheéo héa tit mic / di cidc muc k s€ ty 1& véi
néng d6 cua trang thai i la N, :

Mig=vY&- N ) (1-4)
trong d6 : y 4 12 hé 6 ty 1& va dic trung cho moi trudng vat chat.

He s6 y; ¢6 thi nguyén [sec'] vé€ gid tri né 1a x4c suat dich cha
chuyén i— k.

Thay (1-4) vao (1-3) ta cé phuong trinh déng hoc & trang thai i:

2N Y 2N Y (1-3)

k=1 k<i

dN; _
dt

Néu nhilng qué trinh tich ldy cta mic / k&t thic, tfc chi ¢é dich
chuyén di tir mic i ma khéng cd dich chuyén v€ mic i thi néng d6 cha



muc i s& bit ddu gidm xuéng. Qué trinh d6 dugc mé t& bang phuong

=

trinh:

dN,
—al_—z-ZNiYik (1"6)

ki
Nhu vay néng d6 cta muic i s& giam di theo ham mii d6i véi thai
gian.
Ni () =N, exp{—[z Yix Jt:' (1-7)
L Nk=i
Véi N, 1a néng d6 hat mic i ban ddu. Téc d6 giam ndng d6 cha
mifc i s& phu thudc vao tong x4c suft nghéo héa clia mic i va ky hiéu
bang:
Yi'_‘z Y
k<i
Thoi gian ton tai cua hat & mot trang thai / ndo d6 goi 12 thdi gian
song ctia trang thai va ky hiéu 1a 7, : d6 12 thoi gian ma sau thyi gian
dé, néng d6 cha trang théi s& gidm di e 14n. Nhu vay, tit (1-7) ta c6 thé
x4c dinh théi gian s6ng cia trang thai:
el

Yi Tix

k=

(1-8)

Thoi gian s6ng 1, cha hat thudng vao khoang tir 107 sec téi vai
gidy. Nhitng trang thdi cé thoi gian séng 16n goi 1a trang théi siéu bén.

Nhur vay, trong gian d6 niang lugng clia mot hé lugng tlr, ngoal gid
tri nang lugng, & méi mdc nang lugng E; cdn ¢é  thé ghi them néng do

hat N, va thoi gian s6ng 1; clia mdi mifc niang heong dé.

1.2. DICH CHUYEN QUANG HOC

Dich chuyén quang hoc 13 dich chuyén c6 kém theo hadp thu hoic
buc xa dién tit. Ngay khi khong ¢ tdc dong nao & bén ngoai vao hé thi
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hat ciing chi tén tai & trang thai kich thich trong mot thoi gian rét ngin
nio d6 vi & mot thii diém thy ¥ ndo d6 hat & dich chuyén xuéng
trang théi tng v6i mic ning luong thip hon, khi d6 hat s& buc xa ra
mot lwong i nang lugng diér tir (photon).

Qua trinh d6 goi 1a bic xa tu phat, vi cudng do bifc xa khong phu
thude vio tac dong bén ngodi. Dung nhing ky hiéu trong 1.1 ta co thé
m6 tA bitc xa ty phat bang mo hinh:

A% S5 A% 4 (ho) (1-9)

Van t6c cha qué trinh bifc xa ty phat 13 s6 dich chuyén bic xa tu
phét trong mot don vi thdi gian va trong mot don vi thé tich. Né phu
thudc vio néng do ban ddu cia trang thai kich thich N, va:

M}E = AN,

trong d6 : A, 12 heé s6 ty 1¢, nhung lai ¢6 ¥ nghia vat Iy. N6 chinh 14
xéc sudt dich chuyén tu phét v cé thit nguyén [sec]. Gid tri clia Ay 12
dic trung riéng cia dich chuyén va khong phu thuée vao bit ky dieu
kién bén ngoli nio. Nhd vén t6c clia qud trinh ty phét ta cé thé xdc
dinh cong sudt bic xa tu phat trong mot don vi thé tich cia moi
trudng:

PY = MF.hio, =A, N, ho, (1-10)

Qua trinh quang hoc thi hai trong moi trudmg la qua trinh hap thu
nang luong. Hat tuong téc véi photon cé thé s& hap thy photon va dich
chuyén sang trang théi (g véi mic ning luong cao hon. Qua4 trinh hip
thu d6 duoc m6 ta nhu sau: A* + (ho ) > AY*

Nang luong ctia photon khi d6 phai bang hiéu hai mic ning Iuong
chia dich chuyén. Qué trinh hdp thy nang lugng nay khic véi qué trinh
biic xa tu phat khong chi vé nang lugng ma chinh & ché né phu thude
vio téc dong bén ngodi. Néu mat dé photon cang én thi s6 hoat dong
hép thu trong moi trudng s&€ xdy ra manh hon, do d6 van tc cta qua
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