Quang phi tuyén that 1a dé!

HIEU TOAN BO QUANG PHI TUYEN SAU 4 PHUT

Trong phan nay, chiing t6i sé gilp cac ban c6 mot cai nhin tbng quan vé
mon quang phi tuyén. Cac ban sé& biét duoc nguyén nhan xuat hién cta nganh
guang phi tuyén, déi tugng nghién clru clia né lagi, cac y tudng co ban clia quang
phi tuyén. Diéu do co nghia laban da hiéu toan bd vé quang phi tuyén nhuwng chi &
mirc do so lvgc. Con céc phan tich chi tiét va cac phwong phap cu thé ching ta sé
dwoc ti€p can ngay sau bai hoc nay.

Trong co hoc, chiing ta d& biét rang dé€ mdt con 1ac 10 xo dao dong diéu hoa
thi luc tac dong 1én no phai cd do 1n nam trong mot khoadng gidi han nao do. Lic
nay, luc F chi 1am cho qua nang dich chuyén moét doan nho x khoi vi tri can bang.
M&i quan hé clia chiing dwoc biéu dién bang biéu thic:

F = —kx D

Nhu vay, chiing ta thay trong trudng hop nay, dap tng ctia hé con lac 10 xo
(duoc biéu dién bdi x) ti I1é tuyén tinh voi lvc thc dong tir bén ngoai (dwoc biéu
dién boi F).

Tuy nhién, khi lyc F tang Ién vurot ra ngoai khodng gia tri mata vira noi &
trén thi do dich chuyén vi tri cia qua ning khoi vi tri can bang x khong con ti 1é
tuyén tinh voi luc F nita mamadi quan hé gitra chiing bay gio c6 thé d woc biéu dién
b&i mot hé thirc phi tuyén nao do.

Quan sat dinh luat Hooke chi phéi dao dong diéu hoa clia con lac 10 xo:
Xem tép tin “HookesLaw][1]” trong thv muc Loi_mo_dau.

Thuc hién céac thi nghiém vé dinh luat Hooke: Lam thi nghiém “mass-
spring-lab[1]” trong thv muc Loi_mo_dau.

Trong quang hoc™ ciing c6 nhitng hién tuong twong tw. Chéng han, ching ta
hay xé mot moi truong dién moi. Mot s6 chat dién mai trong nd d & ton tai san céac
lvdng cuc dién, vi du nhu H,O, NaCl,v.v....M0t s6 chat dién moi khac khong cé
san céc ludng cuc dién, vi du nhw Hyp, No,.....

D0i voi loai dién moi thr nhat, khi chua ey W
c6 truong dién ngoai, cc ludng cuc phan tr sdp <22 | T
x&p hoan toan hon loan theo moi phwong do ~.’,&;"'\-' 7 A SRR T
chuyén dong nhiét. Téng clia cdc momen luwdng * : iiflos e
cic phan t sé bang 0 nén vecto phan cyc dién  Pién mbi khi chua &
moi cling béng 0 (Can nhic lai ring vecto phan 0 4snmeme
cuc dién mdi bang téng cac momen lwdng cuc céiién trodmg

dién trén mot don vi thé tich). Khi cé dién

trwong ngod véi cwong dé khdng quéa 16n tac dong v ao thi ca&c momen lwdng cuc
dién sé huwdng theo chiéu dién trvong. Nguoi ta chirng minh dwoc, lGc nay dd phan
cuc dién moi ti 1€ tuyén tinh voi cwong do truong dién tac dung theo hé thirc:

—_ e
P=¢,xE
*Hién twong phan cyc dién moi thé hién sy dap tng clia moi trwong dién mai voi treong dién ngoai. Trong céc gido

trinh Dién hoc dai cwong, nguoi ta hay khao sat hién tugng nay. Vi vay, ban co thé nghi né la doi twong nghién ctu clia
nganh dién hoc. Nhuwng that ra anh sang cling 1a séng dién tlr. Hay noi cach khac, quang hoc ciing nghi én clru sy tac
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dong cla truong dién tlr (cha yéu la treong dién) 1én cdc moi truong vat chat. Vi vay, hién twgng phan cuc dién moi
cling la d6i tvgng nghién clru clia quang hoc. Dac biét 1a quang phi tuyén.

Dai v6i loai dién moi thr hai, moi quan hé gitra dd phan cuc dién méi v a
trvong dién tac dung vao cling tuan theo hé thirc tuong tu.

M@ tap tin “electric3” trong thw muc “Loi_mo_dau” dé thuc hanh thi
nghiém hién twong phan cuc dién moi.

Xem tdp tin “Hien_tuong_phan_cuc_dien_moi” trong thuv muc
“Loi_mo_dau” dé biét cach thuc hién thi nghiém.

Tuy nhién, khi cwong do dién treong tang dén mot gi¢i han nao do thi P va
E khong con ti Ié tuyén tinh v&i nhau nira ma chdng lién hé véi nhau qua biéu thirc
phi tuyén:

sto(xE+x2§+x3E+ ...... )

Quy wdc: Pai khi, chung ta c6 thé dung cac ki tw in dam dé biéu dién cac dai
lwong vecto va cac ki tu thuong dé biéu dién dai lwong vo hudng.

Céch biéu dién do phan cuc thanh chubi ITy thira theo E ¢6 hai muc dich:

e Phan anh duoc dac tinh phi tuyén clia hé vat chat.
e CO thé 18y tly y bao nhiéu s6 hang trong chudi [Ty thira cin ¢t v & muc do phi
tuyén clia moi truong.

Trong trwong hop dang xét, ching ta thdy do phan cuc dién moi P dac
trung cho dap (ng ctia moi trvdng vat chat va dién trvong E la dai lvgng dac trung
cho yéu t0 tac dong bén ngoai. Nhv vay, néi mot cach tong quat, quang hoc phi
tuyén khao sat nhitng hién tuvong quang hoc trong dé nhirng dai lwong dac trung
cho dap (rng cla mdi trwong vat chat (khong chi riéng dién moi) va nhitng dai
lvong dac treng cho yéu td tac dong tlr bén ngoai c6 mdi quan hé phi tuyén véi
nhau. Ma nhuv trén ta da néi, cac dai lvgng dac trung cho yéu t6 tac dong bén
ngoai phai tang vwrot qua mot gidi han nao do thi cac hiéu tng phi tuyén méi xuat
hién. Thong thudng, ngudi ta kich thich mdi trwdng quang hoc bang anh sang. Tirc
la yéu t6 tac ddng bén ngoai matatirng néi & trén thwdng la anh sang. Véi anh
sang thong thwong, thanh phan dién trvong trong né c6 cudng dé nho vi thé khong
thé lam phét sinh céc hién twong phi tuyén. Tuy nhién, véi anh sang Laser, thanh
phan dién treong trong nd cé thé dat dén cuong do cd 1.2x10°V /m. Cuong do
dién truong nay co thé du Ion dé gay ra sy danh thing khong khi (c& 3x10°V/m)
va chi nhd hon vai bac so voi cwong do truong dién dé gilr cac nguyén tir voi nhau
(c& 5x10"V /m) ddi véi Hidro, s6 hang nay cling con dwgc goi lacuong do truong
dién nguyén tir ddc trung Ear). V&i cuwong do dién tredng I6n nhu vay, khi tdc dong
vao moi trvdng vat chat thi dap (’ng ctia mdi trvong vat chat sé khong con ti 1é
tuyén tinh vai tac dong cla né nira.

Nhu vay, cé thé ndi, quang phi tuyén nghién clru tvong tac cla anh sang
Laser cuong do cao v&i moi trieong vat chat.
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O trén, toi vira trinh bay vé déi twong nghién clru cla quang phi tuyén.
Phan cac phuong phap nghién cru clia quang phi tuyén sé dwoc trinh bay cu thé
trong trng chwong cla giéo trinh.,

Gi&o trinh quang phi tuyén nay danh cho nhiing hoc vién cao hoc nam dau.
Muc dich cla sach la gi¢i thiéu Iinh viec quang phi tuyén trong dé nhan manh
nhitng khai niém co ban va gidp cho hoc vién sau khi hoc xong giéo trinh nay cé
thé t minh ti€p tuc thwc hién nghién ctru trong Iinh virc nay. Sach nay cé thé duoc
ding cho cac hoc vién sau dai hoc chuyén nghanh quang phi tuyén, quang luvong
ttr, dién t& hoc lwong ti, quang dién tlr, va quang hoc hién dai. Néu lugc bd nhitng
phan kho, sach ciing c6 thé duoc dung cho céc sinh vién & mirc do nang cao.Trai
lai, mot s6 phan hoi nang cao trong sach sé thich hgp cho nhitng hoc vién cao hoc
nam cudi va nhirng nha khoa hoc.

LTnh virc quang phi tuyén cho dén nay da duoc ba muoi tudi, néu ldy méc
tlr phat minh tao ra séng hai bac Il cta Franken va céc cdng st nam 1961. Sy quan
tam vé Iinh vic nay da dwoc phat trién lién tuc ké tir khi nd ra doi, va linh vuc
quang phi tuyén trai dai tir nhirng nghién ctru co ban vé tuong tac clia anh sang voi
vat chét dén nhitng (ng dung vi du nhw bién d6i tn s6 Laser va cong tac quang
hoc. Qua thyc, linh vuc quang phi tuyén phat trién qua manh dén ndi moét cubn
sach kho c6 thé bao quéat moi van dé dang dwoc quan tdm trong hién tai. Thém vao
d6, bai vi t6i mudn sach nay cé thé dén dugc véi nhitng hoc vién cao hoc ndm
dau, toi da thr gidi quyét nhitng van dé duwoc dé cap theo ki€u doc lap mot cach
vira phai. Cach ti€p can nay cling han ché so chl dé co thé duoc giai quyét. Chién
lvoc cla toi trong viéc quyét dinh nhitng dé tai nao can dwgc dua vao la dé tai do
phai nhan manh dwoc nhitng khia canh co ban clia quang phi tuyén, vachi dva vao
nhitng tng dung va nhitng két qua thi nghiém nhitng khi can thiét dé minh hoa
nhitng van dé co ban nay. Nhiéu chl dé dac biét matéi chon mang gia tri lich st
dac biét.

Sach duoc sap xép nhu sau:

Chuong 1 gi¢i thiéu vé quang phi tuyén tir s phac hoa dé cam phi tuyén.
D06 cam phi tuyén la mot dai lvgng dwgc dung dé xac dinh s phan cuc phi tuyén
ctia moi trwdng vat chat theo cwong do cua trwong dién tac dung vao. Vi thé no
cung cap mot co s¢ nén tang dé mo ta hién twong quang phi tuyén.

Chuong 2 tiép tuc md t& quang hoc phi tuyén bang cach mo ta sy lan
truy@n clia song anh sang qua mai tr wdng quang phi tuyén bang phwong trinh song
guang hoc.Chuong nay gid¢i thiéu moét khai niém quan trong la sy két hop pha va
mo ta chi tiét mot hién twong quang phi tuyén quan trong la sy tao song hai bac I
va sy tao tan so phach vatan so tong.

Chuong 3 két thic phan gidi thiéu cla sach bang cach dwa ra sy mo ta Ii
thuyét co hoc luvong ttr clia d6 cdm quang phi tuyén. Dau ti én, biéu thirc don gian
clia do cam phi tuyén duwoc tim rabang cach sir dung phwong trinh Schrodinger, va
sau d6 biéu thirc chinh xac hon dwgc tim ra bang céach st dung phuong trinh
chuyén dong ma tran mat do. Tién dé ma tran mat do dwoc tv xay dung trong qua
trinh xem xét chi ti é&t chwong nay va day ciing la dé tai cho cac hoc vién thao luan.
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Chuwong 4 gidi thiéu vé chiét suat phi tuyén. Nhitng tinh chat, ké ca nhitng
tinh chat tenxo cla chiét suat phi tuyén duwoc thdo luan chi tiét, va nhitng qua trinh
vat Ii dan dén chiét suat phi tuyén, vi du nhu sy phan cuc dién tr khong cong
hwéng vasu dinh hudng phan ti cling dwgc mo ta.

Chuong 5 néi vé ngudn goc phan tir clia dap (rng quang phi tuyén . Chuong
nay nghién ctru su phi tuyén dién t& trong phép gan ding dirng, mé hinh ban thuc
nghiém cla do cdm phi tuyén, su dap ng phi tuyén cta polime li é hop, mé hinh
dién tich lién két ctia su phi tuyén quang hoc, quang phi tuyén cla vat liéu Chiral,
va quang phi tuyén cta tinh thé long.

Chuong 6 danh cho viéc mo ta s phi tuyén cua chiét suat do sw dap tng
clia nguyén ti¢r 2 mrc. Nhitng chl d@é lién quan duoc thdo luan trong chuong nay
bao gbm s bdo hoa, s mé rong cuong do, sw dich chuyén Stark quang hoc, dao
dong Rabi, vanhing trang thai nguyén ttr ghép cap.

Chuong 7 n6i vé (ring dung cla chiét suat phi tuyén. Cha dé duoc khao sat
lalién hop pha quang hoc, su tw hdi tu, sw ghép 2 ch um hat, su lan truyén xung, va
cau truc cua soliton quang hoc.

Chuwong 8 dén chrong 10 ndi vé tan xa anh sang cdm (rng va ty phat vachua dé lién
guan la @m quang hoc.

Chuong 8 gigi thiéu Iinh viec ndy bang cach dua vao |i thuyét tan xa anh
sang tv phat va bang cach mo ta chi dé thuc hanh quan trong 1a am quang hoc.
Chuwong 9 mé ta tan xa Brillouin cam (rng va tan xa Rayleigh cam (ng. Nhitng
chti d& co lién quan dén phan nay la tan xa anh sang do sy nhiéu déng trong vét
liéu c6 thé dwgc mo ta theo nhitng bién nhiét dong lwc hoc chuan la &p luc va
entropy. Cling dwoc duwa vao trong chwong nay la su mo ta lién hiép pha bai tan xa
Brillouin cdm (rng va s mo ta li thuyét tan xa Brillouin cdm (*ng trong chét khi.
Chuong 10 mo t4 tdn xa Raman cdm (ng va tdn xa Rayleigh-Wing cam (ng.
Nhitng tién trinh ndy co lién quan dén tan xa anh sang tr sw nhiéu loan li én quan
dén vi tri clia nguyén tr trong phan ti.

Chuwong 11 néi vé hiéu (rng chiét quang va hiéu (ng dién quang (khac véi
hiéu (ng quang dién). Chuong nay bat dau bang sy mo ta hiéu tng dién quang v a
mo ta cach dung nhitng hiéu (ng nay dé san xudt nhitng bo diéu khién quang hoc.
Sau dé chuwong nay ti€p tuc mo ta hiéu (ng chiét quang, hiéu rng nay la twong tac
quang phi tuyén do hiéu (ng dién quang. Viéc st dung hiéu trng chiét quang trong
sy lién két 2 cham tiava si t6 hop 4 séng cling dwgc mo ta.

Chuong 12 néi vé si ¢d cam (rng quang hoc va sy hap thu nhiéu photon.

Sach két thic & chwong 13 néi vé quang phi tuyén trong trwong cuwong do
Siéu cao va siéu nhanh.

Tp HO6 Chi Minh, 2/11/2009
GOpy vé ndi dung xin gti dén: thanhlam1910 2006@yahoo.com
Hodc frbwrthes@gmail.com
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HUGNG DAN THUC HIEN THi NGHIEM
PHAN CU'C PIEN MOI

PE c6 thé hiéu duoc dé dang quang phi tuyén, cac ban can c6 mét it kién
thirc vé Vat Ii laser vaVat li tinh thé. Nhing tai liéu cé lién quan dén cac mon hoc
nay dugc giri dinh kém cuing vi sach nay. Trong dd, cac ban dac biét chi y dén
céc bai giang rat cd dong va dé hiéu ctia PGS.TS Truong Quang NghTa. Kém theo
sach nay gom co:
Mot thy muc mang tén Loi_mo_dau trong d6 cé céac thi nghiém 4o
dé minh hoa cho phan dau tién.

Céc bai giang Vat li tinh thé clia PGS.TS Truwong Quang Nghfa.
Mot bai bao cao vé Vat li Laser cla toi vé Sy phat don mode va da

mode.
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CHUONG I: DO CAM QUANG PHI TUY EN

CHUONG I: PO CAM QUANG PHI TUYEN
1.1. Gi6i thiéu quang phi tuyén

Quang phi tuyén nghién ctru nhirng hién twong xuat hién do hé qua cia su
bién doi tinh chat quang hoc clia hé vat chéat khi ¢d sy hién dién cta anh sang.
Thong thwong, chi nhitng chum sang Laser cwong do di manh méi ¢ thé lam bién
doi tinh chat quang hoc clia hé vat chat. Qua thuc, s ra doi clia quang phi tuyén
thuong duoc tinh tir phat minh cla Franken vé s tao song hai bac Il vao ndam
1961, mdt thoi gian ngan sau khi Maiman phét minh ratia Laser vao nam 1960.
Hién tuong quang phi tuyén la khach quan, chiing xuét hién do sy dap (*rng cla
moi trvdng vat chat khi cé truong quang hoc dat vao va dap rng dy phu thudc phi
tuyén vao cwdng do cla truedng quang hoc. Chang han, sy phét sinh song hai bac I
xudt hién do phan dap ng nguyén t& phu thudc bac Il vao cuwong do cla truong
guang hoc. Do do, cwong do clia séng duoc tao ratai tan sd hai bac Il ¢ khuynh
hwéng tang theo binh phwong clda cuwdong dé anh sang Laser dat vao.

Dé mo ta chinh xac hon vé tinh phi tuyén quang hoc, chiing ta hdy xem xét
t6ng s6 momen ludng cuc trén mot don vi thé tich, hodc do phan cuc P(t) clia hé
théng vat liéu phu thudc vao cwdng do dién trwdng E(t) cla trwdng quang hoc dat
vao nhu thé ndo. Trong quang hoc thdng thrdng (chéng han quang tuyén tinh), do
phan cuc cdm (rng phu thudc tuyén tinh vao cuong dé dién treong theo hé thic

P(t) =gox VE(t) (1.1.1)
& day hang s ti 18 @ dwoc goi 14 dd cam tuyén tinh .

Trong quang hoc phi tuyén, st dap (*ng quang hoc thwdng dugc md ta bang
cach t6ng quét héa phuong trinh (1.1.1) qua sv biéu dién do phan cuc P(t) nhw
mdt chudi |y thira theo cwdng do dién truong

Pt)= e JxYE(®)+y PE2(t)+yQE3(t)+...]

=POM)+P@(t)+PO(t) +....... (11.2)
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Pai lvong %® va x® 1an vt 12 do cam quang phi tuyén bac 2 va bac 3.

P& don gian, ching ta d& xem truong P(t) va E(t) 1anhitng dai lvong vé huéng
trong khi viét phuwong trinh (1.1.1) va phuong trinh (1.1.2). Trong phan 1.3 ching
ta s& chi ra cach dé khao sét ban chat vecto cla treong; trong truong hop nhu thé

X(l) S8 tré thanh tenxo hang |1, x(z) tré thanh tenxo hang 11, v.v...Véi cach viét
phrong trinh (1.1.1) va (1.1.2) dudi dang nhu trén, ching ta da gia sir rang sy phan
cuc tai thoi diém t chi phu thudc vao giatri tirc thoi clia cuong do trvong dién. Gia
thiét moi trwong dap ng tire thoi cling c6 nghia la (theo hé thiic Kramers-Kronig)
méi truong phai khong mat mat va khéng tén sic. Ching ta cling sé thdy trong
phan 1.3 cach dé md rong nhitng phwong trinh ndy cho médi truong mat mét vatan
sic. N6i chung, dd cam phi tuyén phu thudc vao tan s6 cla trwdng dit vao, nhung
theo gia thiét vé sy dap ing tirc thoi chiing ta co thé xem chiing 1ahang s3.

Chuing ta sé goi PA(t) =g PE(t) I1a do phan cuc phi tuyén bac Il va

PO(t) =, PE>(t) 1a do phan cuc phi tuyén bac 111, Sau ndy ching ta s& thay
rang nhitng qua trinh vat 1i xuat hién do dd phan cuc bac Il s& khac biét so véi
nhirng qua trinh xuét hién do dd phan cuc bac Ill. Thém vao dd, trong phan 1.5
ching ta s& chi rarang tvong tac quang phi tuyén béac Il chi xudt hién trong tinh
thé khong déi x(rng xuyén tam, ngha |3, trong nhitng tinh thé khdng thé hién tinh
chat ddi xting dao. Bdi vi chat 1ong, chét khi, va chét ran vo dinh hinh (vi du nhw
thdy tinh), va nhiéu tinh thé c6 tinh chat d6i x(ng ddo, x® <& triét tiéu trong
nhirng mdi trvong nhu thé, va do dé ching khong thé tao ra twong tac quang hoc
phi tuyén bac 2. Nguoc lai, twong tac quang hoc phi tuyén bac 3(dwoc mo ta bdi do
cdm x®) c6 thé xuat hién ca trong mdi trudng ddi xing xuyén tdm va khoéng
Xuyén tam.

Chiing ta s& thdy trong phan sau clia sach nay céach tinh giatri dé cam phi
tuyén cho nhitng co ché vat |i khéc nhau dan dén si phi tuyén quang hoc. Bay gio,
chiing ta sé thuc hién mot danh gia don gian vé bac do Ién clia nhitng dai lvong
nay trong treong hop tong quét ma é doé sw phi tuyén lado dap trng clia moi trurong
v@i truong dién bén ngoa (xem Armstrong va cac cong sv, 1962). Nguoi ta tién
doan ring sB hang hiéu chinh bac thdp nhit P s8 ¢6 thé gan bing s5 hang biéu
dién dap tng tuyén tinh P khi do 16N cda treong E dit vao ciing bac do 16n véi
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cudng do truong dién nguyén tir dic trung E,, = e/dme ad, & day e la dién tich
clia electron va a, = 4meyh?/me? 1a bén kinh qu§ dao Bohr clia nguyén ti hidro
(h1a hang s8 Planck chia cho 27, va m la khdi lugng clia electron). Thay S8 vao,
ching ta thdy rdng E,: = 5.14 X 101*V/m. Suy ra dw¢i didu kién kich thich
khéng cong huéng do cam bac 11 s& bing yW/E,;. D6i voi vat chat co dac y ™
bang 1, va do d6 x® s& bdng VE,,

hoac :

v =1.94x10m/V (1.1.3)

Tuong tw, ching tasuy rarang & =@ EZ , d6i voi vat chét co dic:
1@ ~3.78x10%m* /V?, (1.1.4)
Nhitng tién déan nay qua thwc hoan tdan chinh xéc, chiing ta c6 thé thay

didu nay khi so sanh nhitng gia tri ndy véi nhitng giatri do bang thuc nghiém ciia

% ? (chéng han xem bang 1.5.3) va 3 @ ( Ch&ng han xem bang 4.3.1).

Nhu vira ta vira n6i, d6i véi vat chat cd dic @ bing 1. Két qua ndy co thé
duoc giai thich bang kinh nghiém hoéc co6 thé duoc giai thich mdt cach chit ché
hon bang cach cha y rang v P latich ciamat do nguyén tir va dé phan cuc nguyén
tlr. Mat do hat N clia vat chét co dic co bac vao ci (a,)°, va do phan cuc khong

cong hudng co bac vao ci @)°. Vi thé, chiing tasuy raring x® bing 1.

Chung ta ciing cd thé biéu dién do cam bac 2 va bac 3 theo nhitng hang s6
vat Ii co ban. Sau d6 ching ta tim ra duoc %2 ~(4ne,)’n*/n’e® va

1P = (4ne,)°n° I m'e® Xem Boyd (1999) dé duoc giai thich chi tiét hon.

Cach thong thwong nhit dé mo ta hién tvong quang phi tuyén 1a biéu dién
dd phan cuc P(t) theo cwong do truong dién dét vao E(t), nhu chiing ta datlrng
lam trong phwong trinh (1.1.2). Li do tai sao d6 phan cuc gilt vai trd then ch6t
trong viéc md ta hién twong quang phi tuyén la d6 phan cuc theo thoi gian c6 thé
déng vai tro nhe ngudn ctia nhitng thanh phan méi cla trudng dién tir. Chéng han,
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chang ta sé thay trong phan 2.1 phwong trinh song trong moi tredng quang phi
tuyén thudng co dang :
=~ n?9’E 1 &°P™

V’E-— = 1.1.5
c® ot g,c* ot ( )

& day n la chiét suat tuyén tinh théng thwong va c la téc do anh sang trong chan
khong. Chung ta cé thé hiéu biéu thirc nay nhw la phrong trinh sdng khdng dong
nhat trong d6 do phan cuc PN gan voi dap ¢ng phi tuyén digu khién truong dién
2 NL
atZ
S8 duoc gia téc, va theo |i thuyét Larmor khi dién tich dugc gia toc trong dién
treong thi nd sé tao ra birc xa dién tur.

E. Phuong trinh ndy néi 1én rang, bét ci khi nao khac khong , dién tich

Nén cht y rang chubi Idy thira dwoc biéu dién bdi phuong trinh (1.1.2)
khong can phai hdi tu. Trong tridng hop nguoc lai cong thirc biéu thi mdi lién hé
gitra sy dap (ng clia vat liéu va do |on cla truong dat vao can phai duoc biéu dién
theo cach khac. M6t vi du nhu thé la trong kich thich cong hwdng clia mét hé
nguyén tlr, mot phan dang ké nhirng nguyén tlr co thé roi khdi trang thai co ban.
Hiéu (ng b&o hoa loai nay dwgc md t4 trong chwong 6. Ngay ca dudi diéu kién
khong cong hwéng, phuong trinh (1.1.2) cling khéng con ddng néu cwong do cla
truong Laser dit vao co thé so sanh véi cedng do truong nguyén tir dac trung E
bdi vi st quang ion héa manh c6 thé xuat hién trong nhitng diéu kién nay. D€ tham
khdo sau nay, ching ta chd y rang cuong do Laser quan hé vai tri s8 dinh cla

trvong E. theo hé thirc:

|, = %SOCE; =3.5x10°W/cn?’ (1.1.6)

at

Chuing ta cling sé thay trong cac phan sau cla sach nhitng qua trinh quang
phi tuyén biéu thi nhitng dac diém dinh tinh khac nhau nhu thé nao khi bi kich
thich trong nhitng trwvdng siéu manh nhu thé.
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1.2. M6 ta cac qua trinh guang phi tuyén

Trong phan nay, chang ta sé mé t& dinh tinh so lvgc mot sd qua trinh quang
phi tuyén. Thém vao dé, chiing ta cling s& chi ra nhitng qua trinh nay c6 thé
dwgc mé t4 theo nhitng thanh phan phi tuyén trong phuong trinh (1.1.2)* nhw
thé nao. Muc dich cla ching toi 1a cung cdp cho doc gia mdt sy chi dan vé
nhitng loai hién trong quang phi tuyén cé thé xuat hién. Nhirng tuvong tac nay
S8 duwgc md t& chi tiét hon trong nhitng phan sau cltia sach. Trong phan nay
chdng ta cling dwa vao mot sd quy wéc vé ki hiéu va mot vai kha niém co st
clia gquang hoc phi tuyén.

* Can nh¢ rang phuong trinh(1.1.2) chi ¢d giatri cho mdi tredng khéng mat mét va khong tan sac.

(a) ® --g----

a’ ﬂ]
—_—
@ S(2)
—— X 0 --l-- |20
L
fi}]

Hinh 1.2.1 (a) So d6 hinh hoc clia si tao song hai bac 2, (b) Biéu do mirc nang
lwvong mé ta su tao song hai bac 2

1.2.1. Sy phat sinh song hai bac 2:

Chling ta xé mdt hién twong twong tac quang hoc phi tuyén dién hinh.
D6 la qua trinh phét sinh song hai bac 1l nhu dwgc minh hoa trong hinh 1.2.1.
O day cuong do dién trwong clia chim tialaser t¢i duoc biéu dién nhu sau:

E(t) = Ee ™ +cc. (1.2.1)
c.c (complex conjugate) la lién hop phirc cla sé hang dau, tic la cc=Ee*. Vi

quy wéc ndy, E(t) s& 1asd thuc vamang y nghia vat li. Quy wéc ndy sé duoc ding
tlr nay Ve sau.
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Chum tia nay dwoc chiéu véo tinh thé c6 do cam bac Il x® khéc 0. Theo
phuong trinh (1.1.2), d6 phan cuc phi tuyén duogc tao ratrong tinh thé nay la
P*(t) =e,x PE*()

Hodc twong duong

P2(t) = 26,3 PEE* +(c,x ®E%e ™ +c0) (1.2.2)

c.clalién hgp phtrc ciia sb hang ding trwéc no.

Ching ta thdy rang do phan cuc bac 1l bao gbm s c6 mit cliatin s6 0 (sO
hang dau) va tan s6 2® (s6 hang thtt 2). Theo phuong trinh sdng bic xa
(1.1.5), s8 hang thit hai c6 thé dan dén s tao birc xa song hai bac 2. Chay
rang sO hang thit nhat trong phuong trinh (1.2.2) khong dan dén sy tao birc xa
dién tir (bdi vi dao ham cép 1 theo thoi gian cliand sé bang 0); n6 dan dén mot
guatrinh duoc goi la sy chinh lvu quang hoc. D6 la mét quatrinh tao ra trvong
tinh dién trong tinh thé phi tuyén.

Du6i nhitng diéu kién thic nghiém thich hop, qua trinh tao song hai bac
Il c6 thé quéa hiéu qua dén ndi gan nhu toan bd nang lvong trong birc xa toi tai
tan sO ® déu duoc chuyén sang birc xa tan sd hai bac Il 2o . M6t (ng dung
phd bién clia sy tao sdng hai bac 11 1a dé chuyén song phét ratlr may phéat laser
co tan s6 ¢ dinh sang mot ving phé khéc. Chang han, Laser Nd: YAG hoat
dong trong ving héng ngoai gan tai budc song 1.06 um. Sy tao sdng hai bac
Il thvong duoc ding dé chuyén bwdc song clia blrc xa nay dén 0.53 um, & gitra
vung pho nhin thay.

Su tao sdng hai bac Il ¢o thé dugc hinh dung bang cach xem xét tuong
tac theo quan diém trao doi photon gira nhitng thanh phan co tan so khac nhau
cta trvong. Theo hinh 1.2.1, hai photon ¢ tan s6 ® bi hdly va mdt photon ¢
tan s 2 cung luc do ciing dwoc tao ratrong mét qua trinh co hoc luong ti.
Puong dam trong hinh biéu dién trang thai co ban cla nguyén tr, nhing
dudng nét dit biéu dién nhitng mic o . Nhitng mic ndy khong phai |a nhirng
mic ning lvong riéng ctia nguyén tir tw do, ma biéu dién nang lwong két hop
cua mét trong nhitng trang thai nang lvong riéng clia nguyén tir va cia mot
hoac nhiéu photon ctia trwong birc xa. Li thuyét vé sy tao séng hai bac Il sé
dwoc xay dwng day du hon trong phan 2.6.
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1.2.2. Sy phét sinh tan s tong va tan sé phach

Chung ta hdy xem xét truong hgp chum anh sang t¢i moi truong phi
tuyén duoc dac trung bai mot do cam phi tuyén @ . Chum sang nay bao gom
2 thanh phan tan sd khac nhau, ching duoc biéu dién dudi dang

E(t)=Ee™ +E,e™* +cc. (1.2.3)

Do dé, theo gia thiét trong phuong trinh (1.1.2) , dong gop bac 1l vao dé phan
cwe phi tuyén co dang

PA(t) =¢,x PE2(t), (1.2.4)
Chung tatim dwgc do phan cuc phi tuyén la

P(Z) (t) =g, (2) [ E12e—2ioo1t + EZZe—Zicozt + 2E1 Eze_i (o +o,)t

L 2EEe @ 4 od]+ 2, P[EE, +E,E,]. (1.29)
c.clalién hop phirc cliacd cum
E2e2iwit 4 f2o=2iwpt 4 2F, E, e i(@itw)t 2F, Eje~(@1-w2)t
S& thuén tién hon néu biéu dién két qua ndy bang ki hiéu xich ma
P ()= Plo,)e™, (126)
n

& day phép ldy tong duoc thuc hién trén nhitng tan sd am va duong ©, . Vi
thé, bién do phtrc clia nhitng thanh phan c6 tan sd khac nhau cta dé6 cam phi
tuyén dwoc cho bai

P(20,) =21 ”E (SHG),

P(20,) = SOX(Z) Ez2 (SHG),

P(o, +0,) = 2¢,x P EE, (SFG), (1.2.7)
P(w, —®,) =2e4% (2)E1E; (DFG),

7
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P0) =27 (EE +EE) (R

O day ching ta dat tén cia mdi bidu thirc theo tén ciia nhitng qué trinh
vat [ mané md ta, chdng han nhu su tao sdng hai bac 2 (SHG), sv tao tan 8
tong (SFG), si¥ tao tan s6 phéch (DFG), va si chinh luu quang hoc (OR). Chi
y rang, twong (ng véi ki hiéu phitc clia ching ta, cling c6 mot su twong (rng tai
mién &m cta nhi*ng tan s6 khac khéng dugc cho & trén, nghia la:

P(-20,) = x ®E;’, P(-20,) =y ?E;’,
P(-o, —»,) = ZX(Z)E; E;' Plo, -o,) = ZX(Z) EzE;'
Tuy nhién, bdi vi méi s hang nay don gian chi 1alién hop phirc nhitng

dai lugng duoc cho trong phuong trinh (1.2.7), do dé khong can thiét phai tinh
téan rd rang ca nhirng thanh phan tan s6 dwong va am.*

* Khong phai tat ca dong nghiép khéc trong quang phi tuyén sir dung nhirng quy udc clia
ching ta vé cac truong va do phan cuc duoc cho bdi phuong trinh (1.2.3) va (1.2.6). Quy
woc thong thuong khac dinh nghia bién dé trvong theo

E(t) = %(E'1 e +E, e + c.c.),

P2 (t) = %Z P(0,)e"",

& day biéu thirc thir hai téng duoc |y theo tat cd cac tan s am va duong. Dung quy wéc
nay, ngwoi taco thé tim ra dugc

] 1 1 1 1 1
P(20)1)=§X(2)Ef P(Z(’)z):EX(Z)E;
P'(0, +®,) =1y (Z)Ell E’, P'(('Ol _(’32) =X @ E1E|*2

P'(0) =y (E,EL+E, ES).

Chu y rang nhitng biéu thirc ndy khéc vai nhitng biéu thirc & (1.2.7) bdi hé s 1/2.
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Chuing ta thdy tir phuong trinh (1.2.7) rang 4 thanh phan tan s6 khac
khdng xuét hién trong d6 phan cwc phi tuyén. Tuy nhién, théng thudng chi mét
trong s6 cac thanh phan nay sé& xuat hién trong blrc xa dwgc phét ra véi cuong
dd c6 thé quan sat dvoc. Li dolavi do phan cwc phi tuyén cd thé tao ramét tin
hiéu dau ra c6 nang suat cao chi khi nao diéu kién két hop pha (sé duoc thdo
luan chi tiét trong phan 2.7) dwoc thda méan, va thong thuwdong thi diéu kién nay
khong thé duoc thda man cho tat ca cac thanh phan tan so clia dé phan cuc phi
tuyén. Trong thwc nghiém, ngudi ta thwong chon thanh phan tan s6 duoc phat
ra bang céch chon dd phan cuc ctia blrc xa dau vao va sy dinh hudng cliatinh
thé phi tuyén thich hop.

1.2.3. Sy phét sinh tan sd tong

Chung ta hdy xét qua trinh tao tan sd tong dwgc minh hoa trong hinh 1.2.2.
Theo phuwong trinh (1.2.7), bién d6 phtc cia dd cdm phi tuyén moé ta quatrinh
nay dwoc cho bdi biéu thirc

(a) by ________
A
@) @,
- — = ) w3=a)l+w2
o ,7[() —_— S o,
@,
Y

Hinh 1.2.2 Sy tao tan sb tong, (a) MO hinh cla twong tac, (b) M6 td mirc nang
lvong.

P(o, +©,) =2y PEE,. (2.2.9)

V& nhiéu mat, qua trinh phét sinh tan sd tong gidng voi qua trinh phét sinh
song hai bac 11, chi khac nhau mot diém duy nhét la trong sw phét sinh tan sd
tong hai séng dau vao cb tan so khac nhau. Mot (’ng dung clia si tao dao dong
tan sO tng la dé tao ra birc xa diéu chinh dugc trong ving tir ngoai bang céch

9
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chon mét trong nhitng séng dau vao la dau ra cla laser nhin thady co tan s6 cb
dinh vacéi con lai la dau ra cta laser nhin thay co tan so diéu chinh duwoc. Li
thuyét vé s tao tan sd tong duoc xay dung day dd hon trong phan 2.2 va2.4.

1.2.4. Sy tao tan s phach
Quatrinh tao tan sd phach dwoc mé ta béi do phan cuwc phi tuyén co dang
P(o, —©,) =2y PE,E,. (1.2.10)

Va duoc minh hoa trong hinh 1.2.3. & day tan s8 clia séng duoc tao ra khac
vOi tan s6 song clia nhitng treong dét vao. Sy tao tan sO phéch co thé duoc
dung dé tao ra birc xa hdng ngoai co thé diéu chinh duoc bang cach tron sdng
dau ra cla laser nhin thdy c6 thé diéu chinh tan s6 duoc voi song dau ra clia
laser nhin thay ¢ tan s khong doi. Néi mdt cach gan ding, s tao tan sb
phéch va sty tao tan s6 tong la nhirng qué trinh rét gidng nhau. Tuy nhién, mot
sy khéc nhau quan trong gitta 2 qua trinh nay cé thé duoc suy ratir sy mo ta
gua trinh tao tan sb theo gian d6 mirc nang lvong photon (hinh 1.2.3b). Chiing
ta thdy rang st bao toan ning lwong doi hdi rang khi moi photon duoc tao ratai
tan s6 phach o; =, —®, , photon véi tan sd dau vao cao hon (e,) phai bi hiy

di va mot photon véi tan sd dau vao thap hon (0,) phai duoc tao ra.

(a) (b)

[42] mo
—! > w, =0 -0, -
) o1 2 © ¥
», x _— N . .
—_—
w

Y

Hinh 1.2.3 Sy tao tan sd phach, (a) M6 hinh twong tac, (b) M6 ta mkc nang
lvong.

Vi thé, trvong dau vao tan sd thdp hon o, duoc khuéch dai béi qué trinh tao
tan sd phach. Vi li do nay, quatrinh tao tan sd phéach cling duoc goi la khuéch
dai tham s6 quang. Theo sy mo t& mirc nang lwvong photon cla sy tao tan so
phach, nguyén tir dau tién hap thu mdt photon tan sd ®; va nhay Ién mic 4o
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cao nhét. Mrc ndy phan ra bang mat tién trinh phét 2 photon bi cdm (ng do s
hién dién cla truong ©,, 1a truong d& co san roi. Sy phét 2 photon c6 thé xuét
hién tham chi néu truong ®, khong dwoc dat vao. Trwdng dwoc tao ra trong
truong hop nhu thé yéu hon rat nhiéu, bdi vi ching dwvoc tao ra tlr sy phat 2
photon dong thoi tr mdt mirc do. Quatrinh nay duoc goi la hiynh quang tham
sO va da duoc quan sat trong thwe nghiém (Harris va céc cong sw, 1967; Byer
va Harris, 1968). Li thuyét vé s tao tan sd phach dugc khao sat chi tiét hon
trong phan 2.5

1.2.5. Bd dao dong tham s6 quang

Chuing ta vira thiy rang trong qua trinh tao tan s8 phéch sy hién dién clia birc
Xa tai tin sO ®, va ®; co thé cdm (ng s phét thém photon tai nhirng tan sd
ndy. Néu tinh thé phi tuyén dwoc sr dung trong qua trinh nay dwoc dat trong
mdt budng cong hudng quang hoc, nhu dvoc chi ra trong Hinh 1.2.4, trvong

®, valhodc ®; cb thé duoc tao ravéi nhitng giatri I6n. MOt thiét bi nhw thé
dwoc goi labd tao dao déng tham sb quang.

Hirth 1.2.4: Bd tao dan d6ng tharn s6 quang.

@ (Tin hity)
0 =0,+0, —
(2)
—_— X
{(bom) S e
@, (nghi)

Guong & cudi budng cdng hwdng cd do phan xa cao tai tan b », va/hoac o,.
Tan sb dau ra dwoc diéu vhirnh bai s dinh hwéng clia tinh thé.

B6 tao dao dong tham s6 quang dwgc s dung thwdng xuyén tai buwéc sdng
hong ngoai, & dé nhirtng ngudn birc xa diéu chinh dwoc khong thé st dung. Mot
thiét bi nhu thé la diéu chinh duoc bdi vi co rat nhieu ®, nhd hon ®; co6 thé
thda man diéu kién o, +®; =w,; ddi véi mdt vai tan sd ©3. Trong thuc té,

nguwdi ta didu khién tan s8 dau ra clia bd tao dao ddng tham sd quang hoc bang
cach diéu chinh diéu kién thich ¢ng pha, s& dugc thdo luan trong phan 2.7. Tan

sO clia trwong dat vao ®, thuong dwoc goi latan s bom, tan s6 dau ra mong
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mudn dwoc goi latan s tin hiéu, vatan so con lai, khéng mong muén duoc goi
latan sb nghi.
1.2.6. Qua trinh quang hoc phi tuyén bac 3
Tiép theo chlng ta sé xem xét thanh phan bac 3 ctia d6 phan cuc phi tuyén

PO (1) =e,1 VE()°. (1.2.11)
D0oi véi trwong hop tong quat trong dé treong E(t) bao gdm nhitng thanh phan

tan b khac nhau, bidu thirc cho P@(t) rdt phic tap. Vi Ii do ndy, dau tién
chling ta xem xét trwdng hop don gian trong d6 trudng dit vao don séc

E(t) = E, cosut. (1.2.12)

. . 1 3
Do d6, biing cach sir dung ddng nhat thirc COS’ ot =ZCOS3(D'[ +ZCOSCO'[, do

phan cuc phi tuyén cd thé dwoc biéu dién |a

5@y L. L OF3 3. (s

P (t) :Zsox E, cos3mt +Zgox E, cosomt. (1.2.13)
Y nghfa clia mdt trong 2 s6 hang trong biéu thirc nay duoc mé ta van tit ngay
bén duai.

1.2.7 Sy tao song hai bac 3

SO hang dau trong phwong trinh (1.2.13) mo ta phét sinh tan s 3 do trwong
ngod co tin s0 ® . S6 hang nay dan dén si tao sdng hai bac 3, nd dwoc minh
hoa trong Hinh 1.2.5. Theo sy mé t4 photon clia qua trinh nay, dugc chi trong
phan (b) clia hinh, 3 photon tan s6 ® bi hdy di va mo6t photon tan s6 3® dugc
tao ra trong moi qua trinh so cp.

12
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M3 ta mide ning lugng

(a) Mé hinh twong tie (b) - - e e
w
w  __1__
W —> A
—> T 30 2 30
- _-1__
A
w
Hinh 1.2.5: 3w tac séng héi béc IIT Y

1.2.8 Chiét suat phu thudc cuong do

S6 hang thiv hai trong phuong trinh (1.2.13) mo t& sw déng gop phi tuyén vao
d6 phan cuc cliatan sd truong dén; vi thé s5 hang nay dan dén sy dong gop phi
tuyén vao chiét suat da biét ciia mot song & tan s ® . Ching ta sé thdy trong
phan 4.1 rang chiét suat voi s hién dién cia loai phi tuyén nay co thé dwoc
biéu dién nhu sau:

n=n,+n,l (1.2.149)

& day n,lahé s5 khic xa thong thudng (chang han, tuyén tinh hodc cwong do
nho), & day

__ 3 3
? 2n%,C

n (1.2.14b)

Lamét hang s quang hoc d3c treng cho cudng do ciasw phi tuyén quang hoc,
vad day | =%noaocE§ la cuong do cliasong tai.
Sy tw hoi tu

MOt trong nhitng qua trinh c6 thé xudt hién nhw hé qua clia chiét sudt phu
thudc cuong doé la hién twong tw hdi tu, dwegc minh hoa trong hinh 1.2.6. Qua
trinh ndy c6 thé xuat hién khi mot chium anh sang phan bo cuong do theo

phuong ngang khdong déng nhat truyén qua vat liéu c6 N, duvong. Trong diéu
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kién nay, vat liéu dong vai tro nhu mot thau kinh héi tu, lam cho chum tia cong
hwéng vao nhau. Quatrinh nay cwc ki quan trong trong thuc té béi vi cuong do
vét diéu tiéu chiachum tiaty hdi tu thuong da 16n dé dan dén s phéa hiy quang
hoc vat liéu. Quatrinh ty hdi tu dwgc md ta chi tiét hon trong phan 7.1.

Hinh 1.2.6: 3w tr hoii ty cia énh sang

>

> n2>0

—>

1.2.9. Twong tac bac 3 (trwvong hop tong quét)
Chuing ta hdy khao sa dang ctia d6 phan cuc phi tuyén

PO =e0x “EW’ (1.2.153)
bi cAm (rng b&i mot trvong dat vao chira ba thanh tan sd khac nhau:
E(t)=Ee ™™ +E,e ™ + E,e ™ +cc. (1.2.15b)

Khi chiing tatinh téan E(t)3, chiing tatim thay biéu thirc két qua chira dung 44
thanh phan tan sd khac nhau, néu ching ta xem nhi*rng tan s6 dwong vaam la
khac nhau. Nhitrng tan s6 nay |a:

D, 05,03,30;,30,,303, (0 +®; +03), (0 +®; —03), (O, + 03 —0,),
((’32 T3 _(’31)’(2(’31 i(’32)’(2(’31 i(’33)’(2(’32 i(’31)1(2(’32 i603),(2033 i(’ol)’
(205 2 ,),

vanhitng sd am tuvong ng. Mot 1an niva biéu dién do phan cwc phi tuyén dudi
dang:

p® (t) = Z P(o,)e """, (1.2.16)
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Chung ta co thé viét nhitng bién do phirc clia do phan cuc phi tuyén cho nhitng
tan s dvong nhu sau

P(o,) = x ¥ (3E,E; +6E,E, +6E,E;)E,,
P(o,) = x ®(6E,E, +3E,E, + 6E,E;)E,,

P(w,) = x ? (6E,E, +6E,E, +3E,E,)E,,

P(3w,) =1 “E;, P(30,) = YE;, P(30,) = 7 E],

P(o, +®, +0;) =6y (3 E,E,E;, Plo, +®, —0;) =6y ® ElEZE;,
Plo,+0;-0,) = 6X(3) E1E3E;, P, +o; —m,) =6y @ EZEsEl*,
P20, +®,) =3y P E/E,, P20, +o,) =3y PE]E,,
P20, +o,) =3y PEZE,, P(20, +0,) = 3y PEZE,,
P20, +w,) =3y PEZE,, P20, +0,) =3y PEZE,,
P20, -w,) =3y PE’E,, P(20, - w,) = 3y PEE;,
P(20, —®,) =3y ® E’E,, P(20, —m;) =3y ®E2 E,,
P(2w, —®,) =3y ® E32 El*, P(2w, -®,) =3y ® E32 E;,

(1.2.17)
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(a) Y Y
©,
W - e
| ——— 3 W, =0 +0,+0, A
W, — > ) > W, ®,
Oy ——> o e
@,
Y

Hinh 1.2.7: Hat qua trinh trdn sdng cd thé zay ra (phwong trinh (1.2, 1:?}}
khi 3 sdng twong tac trong mdi tnrémg dwoc dac treng bot 48 cam phi tuyén bic I

(b)

e G
@ > ®,=0 +0,-0, @, @,
W, — > I{?r] > --x---F-
Oy ——> o, w,

Ching ta da trinh bay nhitng biéu thirc nay rét chi tiét bai vi né cung cép cho
ching ta rdt nhiéu thdng tin khi nghién ctru dang clia nd. Trong moi trwdng
hop, d6i sO tan sd clia P bang téng nhitng tin s6 cd lién quan dén cwong do
truong xudt hién & phiatay phai clia phuong trinh, néu ching ta thira nhan quy
wéc rang tan sd am dwoc lién két véi nhitng treong xuét hién nhw 13 mot lién
hop phtrc. Twong tu, nhitng chi s6 (1, 3, hodc 6) xuét hién trong moi s3 hang &
phia bén phai cia mdi phuong trinh bang s6 cac hdan vi phan biét clia tan s6
cla trwvdng dong gop cho sé hang d6. M6t vai qua trinh pha tron quang phi
tuyén duoc mo ta béi phwong trinh (1.2.17) dwgc minh hoatrong hinh 1.2.7.

1.2.10. Qua trinh tham s va khong tham s

Tat cd nhitng qua trinh dwgc mo ta trong chuwong nay la nhirng vi du vé qua
trinh tham s6. Ngudn gbc cta thuat ngir nay con chura dwoc rd, nhung tir tham
sb ¢6 nghta lamét quatrinh trong do6 nhirng trang thai co hoc lwgng tlr dau tién
va cudi cung cla hé la dong nhat. Do d6, trong qua trinh tham s6 céc electron
chuyén tir mtc co ban Ién mic 4o vaton tai & day trong khoang thoi gian ngan.
Theo hé thirc bat dinh, nguyén tir c6 thé cw tri & mot mikc ao trong khdang thoi
gian ¢ 7/0E, & day OElado chénh léch nang lvong gilr mirc 4o va mirc thuc
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gan nhat. Nguoc lai, nhirtng quatrinh lién quan dén sy chuyén noi cu tri tir mot
mtrc thuc dén mdt mirc khac duoc goi la gqua trinh khéng tham s6. Nhirng qua
trinh ma ching ta md ta trong cac muc ti€p theo day la tat ca nhitng vi du vé
guatrinh khdng tham sé.

Mot su khac nhau gilra qua trinh tham s6 va qua trinh khong tham sé 1a qua
trinh tham so [udn ludn co thé duoc mo ta bai do cdm thuc; ngwoc lai, nhitng
gua trinh khéng tham s duoc mé ta bdi dd cam phirc theo cach sé dugc mo ta
trong phan sau, Phan 1.3. M6t st khac nhau nita la nang lvgng photon luén
lubn dwgc bdo toan trong qua trinh tham s6; nang lvong photon khéng can thiét
phai dwoc bdo tdan trong qua trinh khong tham s6, bdi vi ndng lvgng cé thé
dwoc chuyén vao hodc ra tr moi truong vat liéu. Vi |i do nay, gian d6 muc
nang lvong duogc chi ratrong nhitng hinh . 1.2.1, 1.2.2, 1.2.3, 1.2.5, va 1.2.7
dé mo ta quatrinh tham sd dong vai tro it dirt khdac hon trong viéc mo ta qua
trinh khéng tham sé.

Nhuw la mot vi du dé phan biét gitra qua trinh tham sd va khéng tham so, chiing
ta hdy xem xét hé s6 khic xa thong thuong (tuyén tinh). Phan thuc clia hé sb
khic xa la két qua clia qua trinh tham s, trong khi phan o la két qua clia qua
trinh khong tham sb, béi vi phan do clia hé sb khiic xa m6 t4 s hap thu birc xa,
nd do s chuyén noi cu tri tr trang thai co ban cla nguyén tir dén trang théi
Kich thich.

1.2.11 Sy hap thu b&o hoa

Mot vi du vé quatrinh quang phi tuyén khong tham s6 la sy hap thu bao hoa
Nhiéu loai vat liéu cé tinh chat: hé s hap thu clia ching tang 1én khi phép do
co str dung cuong do tia laser cao. Thong thwdng s phu thudc clia hé s hap
thu do dwoc o theo cwong do | cliablrc xa laser t¢i dwgc cho bdi biéu thirc

O
1+1/1

S

o =

, (1.2.18)

& day O, |ahé sb &p thu cudng do thap, va | s 1atham sb duoc goi la cwdng do
bdo hoa.
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*Thiét bi nay s& c6 gia tri, chang han nhu, cho truong hop clia sy mé rong dong nhat clia
mot sy chuyén don nguyeén ti.

Tinh lvéng bén quang hoc. M6t hé qua cia sy hap thu bdo hoa la tinh luéng
bén quang hoc. Mot cach dé ché tao thiét bi quang hoc luvdng bén la dat bd hap
thu b&o hoa bén trong mét budng cong hudng Fabry-Perot , nhu dwgc minh
hoa trong Hinh. 1.2.8. Khi cwong d6 dau vao tang Ién, truong & bén trong
Hinh 1.2.8: Thiét bi quang luéng bén
] ]

I , !
in Bo hﬁp thu out
—_—
bio hoa

— L

budng cong hwdng tang Ién, lam gidm s hap thu trudng di qua va do do cwong
do trwdng van con gia ting nira. Néu sau do cwong do cla trwong dwoc [am
gidm, trvdng bén trong budng cdng hudng c6 khuynh huéng gil lai do [6n béi
vi su hap thu cla hé vat liéu da bi giam réi. So d6 dac trung tin hiéu dau ra
twong (ng véi dau vao dugc minh hoa dinh tinh trong Hinh 1.2.9. Chay réang
mot khdang dang ké clia cwong dé dau vao Ién hon cwong do dau rala co thé
xay ra. Quatrinh lwdng bén quang hoc dugc md ta chi tiét hon trong phan 7.3.

F
!

ifi

Hinh 1.2.9 Dic tuyén dau ra theo ddu vao cua thiét bi quang hoc ludng hai

1.2.12 Sy hap thu 2 photon
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Trong qua trinh hap thu 2 photon, dwgc minh hoa trong Hinh. 1.2.10, mot
nguyén ti chuyén tlr trang thai co ban clia né dén trang théi kich thich bang
cach hap thu dong thoi 2 photon laser. Tiét dién hip thu ¢ mo ta tién trinh nay
tang tuyén tinh theo cuong d6 laser theo hé thirc

c =0 (1.2.19)

& day o lamot hé s5 md ta si hdp thu 2 photon. (Nh¢ lai réng theo quy uérc,
tiét dién hép thu tuyén tinh 1amot hang s5.)

Do dd, hé sb chuyén doi nguyén tir R gay rabdi sy hap thu 2 photon ti |é

Hinh 1.2.10: Sy hép thy 2 photon

theo binh phuong cwong do laser, béi vi R=cl /o, hodc la
c (2)| 2

R= )
ho

(1.2.20)

Su hap thu 2 photon la mdt cong cu phd hoc hitu dung cho viéc xac dinh vi tri
mtc nang lwgng khong lién quan dén trang thai co ban clia nguyén tir béi mot
s chuyén doi photon. Sy hip thu 2 photon 1an d4u tién dwoc quan sét bang
thuc nghiém bdi Kaiser va Garrett (1961).

1.2.13 Tan xa Raman cam trng

Trong tén xa Raman cam tng, dugc minh hoa trong hinh.1.2.11, mot photon
cO tan sO ® bi mat di va mdt photon tai tdn sd dich chuyén Stokes
0, =0 —, duoc tao ra, gilt cho nguyén tir (hoac phan ttr) & trang thai kich
thich véi nang lvong 7o, . Nang luvong kich thich dwoc dé cap dén nhu la o,
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bdi vi tan xa Raman cdm (rng dau tién duoc nghién ctru trong hé phan ti, & day
ho, teong ng véi nang lvong dao dong. Hiéu qua clia qua trinh nay cd thé
hoan toan 16n, thwong la 10% hoac hon nang lwong cla anh sang toi dugc
chuyén thanh tan sd Stokes. Tréi lai, hiéu qua clia tdn xa Raman thong thuong
vatu phat thong thwong thap hon nhiéu bac vé do I6n. Tan xa Raman cAm (rng
dwgc md ta day du hon trong chwong 9.

Nhitng quatrinh tdn xa cam trng con lai nhu tan xa Brillouin cdm (rng vatan xa
Rayleigh cdm (rng cling xuét hién va dugc mé ta day dd hon trong Chuwong 8.

(a) (b)

W Maéi trudng | Og =@ — @ @ O
Raman

Hinh 1.2.11: T4n xa Raman cam ting
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1.3. Binh nghfta hinh thirc d6 cAm phi tuyén

Tuong tac quang phi tuyén dwgc mé t4 theo do phéan cuc phi tuyén (phuong trinh
1.2.2) chi &p dung cho nhitng hé théng vat chit khéng méat mét va khong tan sic.
Trong phan nay, ching ta sé xem xét truong hop tong quat hon, doé la trvong hop
cla vat liéu tan sic va&/hodc mét mét. Trong trudng hop téng quét nay, dd cam phi
tuyén tré thanh mot dai lwvgng phtc thiét [ap méi lién hé gilra bién dod phtc cla
treong dién va do phan cuc.

Gia sir rang chiing ta cé thé biéu dién vecto cuong do dién truong clia song
quang hoc theo tong clia nhitng trivdng dién thanh phan voi tan so khac nhau:

E(rt)=S,E,(r¢t (1.3.1)
O day

E,(r,t)=E,(r)e ‘' J+c.c. (1.3.2)

D&u phay trong ki hiéu tong clia phrong trinh (1.3.1) ¢6 nghia latong chi duoc ldy
theo nhitng tan s0 dwong. BE thuan tién nguoi ta dinh nghia mot bién do treong
bién thién cham trong khong gian qua hé thirc:

E,(r)=A,e" T, (1.2.3)
Vi thé

'

Er.r)= Z’A”f_:f'"‘fr"'—w*f” Fec. (1.3.4)

n

Poi khi, chiing ta c6 thé biéu dién bién do trwdng ding mdt trong sd cac quy wéc
sau:

E,=E(w,) va A,=A(w,). (1.3.5)
O day
E(—w,)=E(w,)* va A(-w,)=A(w,)". (1.3.6)
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Dung quy wéc nay, ching ta cé thé viét treong tong cong dudi dang co dong hon:
Er.) = Y E(w,)e
n
=Y Adwy e Frrmend), (1.3.7)
n
O day, ki hiéu téng khong duoc danh ddu phay co nghia latdng dwoc |18y trén tét ca
cac tan s, ca duong va am.
Cha'y rang theo dinh nghfa cia ching tavé bién do trwdng, tredng co dang
E(r,1)=Ecos(k-r— wr) (1.3.8)
duoc biéu dién bang bién do phirc
| | P _
E(w)=—Ee'¥T. E(—w)==-¢¢ fer (1.3.9)
2 2
Hodc thay vao do, co thé biéu dién bang cac bién do bién thién cham
I |
A(o_)]zic‘,. A(—c:_))=5é. (1.3.10)

Trong ca hai truong hop, hé sb 2 xuét hién béi vi bién do trwong vat li duoc chia
déu gilta cac thanh phan trong tan sd am va duong.

Dung quy wéc twong tw nhw trong phrong trinh (1.3.7), chiing ta c6 thé biéu
dién do phan cuc phi tuyén l&

Pr.r) = ZP(w”)e_““”’. (1.3.11)

nhu tredc, & day, tong duoc ldy trén tat ca cac thanh phan truong tan sd am va
duong.
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Béy gi®, ching ta dinh nghia nhitng thanh phan ctia tenxo dé cam béac Il

(2)
Lijk

cuc phi tuyén vatich clia céac bién do trvong theo hé thirc:

(@, +®,,,0,,®,) nhe hiing s5 i 18 thiét 1ap mdi quan hé gitta do phan

"
Pi(wn + wm) =eo Z Z }:;;-';\_}(w” + wm, wp, o) Ej(@n) Ex(wm). (1.3.12)

Jk (nm)
O day ijk dé chi céc thanh phan trong hé toa dd Bé céc cla trudng. Ki hiéu (nm) cd

nghta 13, trong phép thuc hién ldy tong trén nvam, tong ®, +®,, dwgc gilr co
dinh, mac du tirng giatri ®, va o, dwoc phép thay d6i. Bai vi bién do E(m,) gan
v6i thanh phan phu thudc thoi gian exp(—io.t) , va bién do E(®,,) gdn véi thanh
phan phu thudc thoi gian exp(—iot) nén tich claching E(®,)E(®,) gin véi
thanh phan phu thudc thoi gian 1a exp[—i(o, +©,,)]. Vi thé tich E(®,)E(®,,) dan
dén su dong gop vao do phan cuc phi tuyén dao dong véi tan s6 ®, +®_, nhw ki
hiéu trong phuong trinh (1.3.12). Theo quy uéc, ching ta daviét x® nhw ham coa
ba d6i 0 tan s0. Bay la tha thuat khong can thiét trong d6 doi so thi nhat ludn luén
bdng tong clia 2 cad con lai. Dé nhdn manh diéu nay, thinh thoang dd cam
1@ (05, 0,,0,) duoc viét 1a x P (os;0,,0,) nhu nhic ring d6i 5 the nht khac
Vi 2 d6i sO con lai, hodc né cé thé duoc viét tvong trung 1a 3 2 (05 = o, + ;) .
Ching ta hdy xé& mot s6 hé qua ndy sinh do cach dinh nghia d6 cam phi
tuyé&n nhu trong phuong trinh (1.3.12) bang céch xét hai vi du don gian.
1. Sy tao tan s6 tong. Chang ta hdy dat nhitng tan s clia treong téi (c6 Gc tagoi 1a
treong dau vao) la o, va o, vatan s tong la o, = o, +,. Sau do, thuc hién lay
tong trén o ,va o,, trong phurong trinh (1.3.12), ching tatim dwoc :

2
P;(w3) = € Z [Xj{;,aj (w3, wy, @) E‘j (w1 ) Eg(wn)
Jk

+ ,}fl;{f;\.}f(r_);;. w2, w)Ej(en)Er(w }] (1.3.13)
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Bay gir chiing tachl y rang j vak |a nhitng chi 5 gia va do dé cé thé déi ché cho
nhau trong s8 hang tht hai. Tiép theo ching ta gia sir rang do cam phi tuyén co
mot sy ddi xirng hoan vi ndi tai (su doi xtrng nay duoc thdo luan chi tiét hon trong
phuong trinh (1.5.6) bén dudi), c6 nghta la

(2) (2) )
XI;;\ (U_)'r” + U_)ﬂ . (.f_)”-; . U_)”) — X”i\f [U_)'J” + (f_)ﬂ . (.f_)” \ (f_)!”). ( 1 .3. 14)

Khi dung hé thirc nay, biéu thirc clia d0 phan cuc phi tuyén tré thanh

2
Pi(w3) = 2¢g Z )(I-{J-_},\_}(a):;i w1, > }EJ; (w1)Ei (), (1.3.15)
Jk
va doi voi tredng hop dac biét trong dé ca hai truong dau vao phan cuc theo hudng
x thi d6 phan cwc tré thanh

Pi(w3) = 2‘?[1)(;{_3_1.(0_)3. i, o) Ev(w))Ey(an). (1.3.16)

2. Sy tao song hai bac hai. Gia s tan sd clia trwong t¢i la o, vatan so dugc tao ra
la o, = 20,. Néu mot |an nira ching ta thuc hién 1dy tong trén nhitng tan sb trudng
trong phuong trinh (1.3.12), chiang tathu dwgc

2
Pi(w3)=e0 Yy 3. o1, o) Ej(w)E(or). (1.3.17)
Jk _
Chiing ta lai xét truong hop dac biét la trwong dau vao (trwong téi) phan cuc doc
theo huéng X, (1.3.17) s tré thanh

P (w3) = eo x> (3. w1, w1) Ex (1), (1.3.18)

IXX
ChG ¥ rang hé s5 2 xudt hién trong cac phuong trinh (1.3.15) va (1.3.16), md ta su
tao tan so tong, nhung khong xuét hién trong phrong trinh (1.3.17) va (1.3.18) md
t4 s tao sdng hai bac hai. Viéc nhitng biéu thirc ndy van khac nhau tham chi khi
o, tién dén o, c6 Ié dau tién s& gay ngac nhién nhung that ra né chinh 1a hé qua
clia s quy wéc clia ching ta rang xiﬁﬁ) (05,0,,0,) phai tién dén xiﬁﬁ) (05,0,,0,)
khi o,tién dén »,. Chiy rang biéu thirc clia P(20,) va P(o, +®,) & dung cho
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truong hop do cam phi tuyén khong tan sic (phwong trinh 1.2.7) ciing khac nhau
mot hé sd 2. Hon nita, nguoi ta cling mong doi dd phan cuc phi tuyén duoc tao ra
bdi 2 truong khac nhau [&n hon dwgc tao ra béi mot truong (cd hai bién dd giong
nhau), bdi vi crong do anh sang téng cong Ién hon tredng hop tredce.

No6i chung, viéc ldy tong trén tat ca céc tan sO clia cac truong khéc nhau
(> oy ) 6 thé duoc thuc hign mot céch hinh thic dé thu doc két qua:

(2)
Pi(w, +w,) = E(}DZ Xiik (@ + py, o @y VE () Er (),
ik
(1.3.19)
& day D duoc goi lahé so suy bién vabang voi s6 hodn vi riéng biét clia cac tan sO
cla trvdng dat vao o, va o,,.
Biéu thitc (1.3.12) dinh nghta d6 cam bac hai co thé dé dang dwoc tdng quét

hda cho céc tvong tac bac cao hon. Bac biét, thanh phan d6 cdm bac ba dwgc dinh
nghia lanhirng hé s thiét 1ap mbi quan hé giranhitng bién d6 theo hé thirc

) (3)
Pi(wo + wy + wy) = € E E X,‘j;\-; (wo + Wy + W, o, Wy, W)

Jkl (mno)

XEI (G_)(})Ef\'((i)” )E!(U)H? ). (1.3.20)
MOt 1an nira, chiing tathuc hién l1ay tong trén m, n va o dé thu duoc két qua

(3)
Pi(ewy + wy + i) = €0 E XJ,-J;M((MQ F oy s 5, 1y 1)
gkl
X F (o) Eg () Ep (), (1.3.21)
O day hé s3 suy bién D biéu dién s6 hoén vi riéng biét cllacactin 6 o,,,0, va o,

1.4 B0 cam phi tuyén ctia dao dong tlr phi diéu hoa co dién

M hinh Lorentz cia nguyén tir xem nguyén ttr nhv la mot dao dong t&r diéu hoa da
mo ta rét t6t vé tinh chat quang hoc tuyén tinh cta hoi nguyén tir va chéat ran phi
kim loai. Trong phan nay, ching ta s&¢ m& rong mod hinh Lorentz bang céch cho
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phép kha nang ton tai mdt thanh phan phi tuyén trong luc phuc hoi tac dung 1én
electron. Nhitng chi tiét phan tich s khac nhau phu thudc vao mbi truong cé doi
xrng ddo hay khong. Bau tién, ching ta xét moi trvong khdng c6 d6i xrng xuyén
tam, va chiing ta nhan thiy rang mdt moi tredng nhu thé cd thé 1am nay sinh mot
sy phi tuyén quang hoc bac hai. Sau dd, ching ta xét moi trw ong c6 tam doi xirng
vanhan thdy rang sw phi tuyén bac thip nhat c6 thé xuat hién trong treong hop nay
la d6 cdm phi tuyén bac ba. Sy khao sat clia ching ta twong tw véi cach lam cla
Owyoung (1971).

Sv thi€u s6t chi yéu ctia md hinh ¢c0 dién vé s phi tuyén quang hoc dwoc
dua vao & day la mo hinh ndy quy cho mbi nguyén tir mot tan s3 cong hwong o, .
Nguoc lai, li thuyét co hoc lugng tlr clla d6 cam quang phi tuyén dwoc xay dung
trong chuong 3 cho phép moi nguyén tir co nhiéu tri riéng nang lweng va do do co
nhiéu hon mot tan s6 cong hudng. B&i vi md hinh hién tai chi cho phép mot tan sb
cong hudng nén nd khong thé mo td mot cach hoan toan chinh xéc ban chéat clia do
cam phi tuyén (chang han nhu, kha ndng cong hudng dong thoi mdt va ha
photon). Tuy nhién, n6 cling mo ta tot vé nhiing truong hop nay khi tat ca cac tan
sO quang hoc nhd hon rat nhiéu tan s cong hwdng dién tir thdp nhat clia hé vat
liéu.
1.4.1 M6i trwdng khong doéi xirng xuyén tam

D6i voi trvong hop mdi trudng khdng doi xirng xuyén tam, phwrong trinh chuyén
dong cla electron cd dang:

Y+ 25+ sk +ai® =—cE(t)/m. (1.4.1)
Trong phuong trinh ndy, ching ta gia sk rang treong dién téc dung vao [AE(t) , dién

tich electron 14 —e, va c6 mdt lyc tit dan cd dang —2my X, va luc phuc héi cé
dang

Fogensi = —mwiE — max”, (1.4.2)

& day a la mot tham sb dac trung cho mirc dd clia sy phi tuyén. Ching ta thu dwoc
dang nay bang céach gia sir rang luc phu hoi 1aham phi tuyén ctia dd dich chuyén vi
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tri clia electron khoi vi tri can bang vagit lai sb hang tuyén tinh va sé hang bac hai
trong khai trién chudi Taylor ctialwc phuc hoi theo do dich chuyén vi tri X Chiing
ta c6 thé hiéu dwoc ban chat clia dang ndy clia luc phuc hoi bang cach cha y rang
né twong tng véi ham thé nang c6 dang

e A L N Y. S
Uix) = —f Fobgendi d¥ = 5 mepx + 3 Max”. (1.4.3)
A
Ufx)
Parabol
>

X

Hinh 1.4.1] Ham thé ctia méi trudmg khéng c6 déi xing xuyén tdm

O day s6 hang thir nhdt tvong (ng véi thé didu hoa va sd hang tht hai twong ¢ng
vGi sO hang hiéu chinh phi diéu hoa nhu dugc minh hoa trong hinh 1.4.1. M6 hinh
nay twong (rng vai treong hop electron trong vat liéu thuc. Béi vi giéng thé thue su
ma electron roi vao khong hoan toan la m ot parabol. M6 hinh hién tai chi c6 thé
mo ta moi truong khong déi xirng xuyén tam bdi vi ching ta d& gia s rang ham
thé U(X) cla phuong trinh (1.4.3) chita ca Ifly thira bac chdng va bac I cla X ;
d6i voi mdi tredng déi xing xuyén tam chi nhitng |dy thira bic chan clia X xuét
hién, bdi vi ham thé U (X) phai cé déi xirng U (X) =U(-X). D& cho don gian,
ching ta daviét phwong trinh (1.4.1) trong phép gan ding tredng vo huwéng; chay
rang ching ta khong thé khao sét ban chat tenxo ciia dd cam phi tuyén ma khéng
c6 nhirng gid sr nao d6 can cr vao tinh chat ddi xirng cliavat liéu.

27



CHUONG I: DO CAM QUANG PHI TUY EN

Chung tagia sl rang tredng quang hoc dat vao co dang

E(t)y=Eje™' 4 Ese™ 4 cc. (1.44)
Phrong trinh (1.4.1) sé khdng cé nghiém tong quét néu treong dat vao co dang
(1.4.4). Tuy nhién, néu trvdng dat vao du yéu, s hang phi tuyén aX” s& nhd hon
rdt nhiéu sb hang tuyén tinh 60552 d6i voi bat ki do dich chuyén vi tri X ndo cd thé
dwoc cdm (rng bdi tredng. Trong tredng hop nay, phuong trinh (1.4.1) c6 thé dwoc
gidi bang cach khai trién nhiéu loan. Ching ta dung thi thudt twvong tw nhu |i
thuyét nhiéu loan Rayleigh-Schrodinger trong co hoc lugng tir. Ching tathay Et)
trong phwong trinh (1.4.1) bang kE(t) , 0 day A lamot tham sb c6 giatri lién tuc
tlr 0 dén 1 vasé duoc cho bang 1 & cudi quatrinh tinh todn. Vi thé, hé s khai trién
A dic trung cho mirc do nhiéu loan. Do d6, phwong trinh (1.4.1) tré thanh:

X+ 2;1/,3:’ + o_%fi‘ +ai? = —reE(t )/ m. (1.4.5)
Bay gi®, chlng ta tim nghiém ctia phuong trinh (1.4.5) dwéi dang khai trién

chudi Iy thiratheo A , nghia 1&, nghiém c6 dang :

~

¥ = '”'[1]'_|_) '[7]'_|_}3 {3]'_|_ (146)

Dé cho phuong trinh (1.4.6) 1a nghiém cta phwong trinh (1.4.5) doi véi bét ki gia
tri ndo ctia A , nhi*ng s0 hang trong phuong trinh (1.4.6) ti Ié véi A, A7
v.v...phéi thda man nhitng phuong trinh riéng biét. Ching ta thdy rang, nhitng s3
hang nay 1an luvot dan dén nhitng phuong trinh

=(1 (1 ~ -

vx-t ' +2y% } + a_%x”] = —eE(t)/m, (1.4.7a)
=(2 (2 - ~(1)72
94 Zj.f.r( g wgi? +a [.x‘m} =0, (1.4.7b)
P2y 0fi Y 4208 V3P =0, ete (1.4.7¢)

T (1.4.78), ching ta thdy ring dong gop bac thip nhat X tuan theo
phurong trinh giéng nhuw trong moé hinh Lorentz thong thudng (tuyén tinh). Do do,
nghiém xéac lap ciané la:
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"x‘i( 1) '::.f) — .\‘( 1 }((.f_.'] )e—;::.-_.qr + ,\'( 1) 'i(-'--:'z ](J_".ah“! +cc.. ( 148}

& day, bien do X®(®;) c6 dang

x‘{]}(cn')=—i Ej (1.4.9)
) - m D(w;)’ o

O day, ching ta duwa vao mot ham phirc & mau
D(wj) =wj —a’s —iwjy. (1.4.10)

Bay gio, bidu thirc ndy cia ¥V (£) duoc binh phwong va dwoc thé vao phuong
trinh (1.4.7b), n6 duoc giai dé thu duoc s5 hang hiéu chinh bac thdp nhat X .
Binh phuong ctia ¥ (t)chra nhitng tin sB + 20,, * 20,, * (o, +0,), *(o,-®,)Va
0. Chéng han, dé xéc dinh déap (rng tai tin S8 2w, , chiing ta phai giai phuong trinh

/ 2 =i
(2) —a(eEy/m) e

=(2)

74208 4 wpi® = ST (1.4.11)
Ching tatim nghiém & trang thai xac |ap c6 dang
21 =xPwpe e, (14.12)
Thé phuong trinh (1.4.12) vao phuong trinh (1.4.11) dan dén két qua
@) = —a(e/m)Ef (14.13)

DQw)D*(wy)’

O day, ching ta d& ding dinh nghia (1.4.10) ciaham D(o,). Tuong ty, ching ta
tim duoc bién dd clia cac dap (rng tai cac tan sb con lai:
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2 —u(('/m)jEE
XY Q2wn) = — —= (1.4.14a)
DQ2wr)D=(wn)
N —2a(e/m)*E,E,
(2) 2 .
x'Na ) = . (1.4.14b)
@1+ D(wy 4+ ) D(w1)D(wr)
R —2a(e/m)*E E*
(2) 2 .
X Nwy —an) = . (1.4.14¢)
w1 e D(w) — @) D(w))D(—w»)
- 2 * ‘ ) 2
+@(0) = —2a(e/m)”E\ E] —2a(e/m)”ELE3 |
DO)YD(w)D(—wy)y  DO)D(w2)D(—e»)
(1.4.14d)

Tiép theo, chiing ta biéu dién nhitng két qua nay theo dd cam tuyén tinhy @
vaphi tuyén x @. D06 cAm tuyén tinh duoc dinh nghia qua hé thirc:

P(l}(o)j‘):EOX“}(O)_E)E(U)_;). (1.4.15)

B&i vi dong gop tuyén tinh vao d6 phan cuc la
PV (wj)=—=Nex(w)), (1.4.16)
& day N la mat dé nguyén tir. Dung phuong trinh (1.4.8) va (1.4.9), ching ta tim

duwoc dd cam tuyén tinh c6 dang:

K MNowjp)=——7—. (1.4.17)

Do cam phi tuyén duoc tinh toan theo cach twong tw. 6 cdm phi tuyén mo
ta si tao song hai bac hai dugc dinh nghia béi hé thirc :
P{z}(Zwl) = eox{2)(20)1, w1, o_)l)E(ml)z, (1.4.18)
& day, P (2m,) 1a bién do ciathanh phan phan cyc phi tuyén dao dong tai tan s
20, va dugc dinh nghia bdi hé thirc

PP 2w = —Nex? Qwi). (1.4.19)
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So sanh nhirng phuong trinh nay véi phuong trinh (1.4.13) ta dugc:

N(e*/m?)a

. (1.4.20)
(:'OD(QO_)] )Dz(o_)] )

2
X {'}(20_)] LW, W) =

Qua viéc sir dung phuong trinh (1.4.17), két qua nay co thé duogc viét theo cac sb
hang cliatich ctia cac d6 cam tuyén tinh
esma

N2e3

X(]'(ZU_J])[}([“(U_)]]]2. (1.4.21)

2
}{(')(20_)1.0)]. wp) =

D6 cdm phi tuyén (’ng voi sy tao song hai bac hai cla truong ®,thu dwoc tir
phwong trinh (1.4.20) va (1.4.21) bang cach thé o, > ,.

D06 cdm phi tuyén mo ta sir tao tan s tong thu dugc tir hé thirc

PQ)(U)I +wyr) = 26[].)((2)[0,” + ., ) E(w))E(ar) (1.4.22)

PPw +wr) =—NexP(w| + an). (1.4.23)

Cha'y rang trong triedng hop ndy hé thire dinh nghfa d6 cdm phi tuyén chira hé s6 2
béi vi hai truong dau vao khac nhau, nhr duoc thdo luan trong hé thikc ctia phwong
trinh (1.3.19). Bang céch so sanh nhiing phuong trinh ndy vai (1.4.14b), d6 cam
phi tuyén tim duoc la

Ne’/m)a

(2) 1
KWy + wo, ), wr) = - . (1.4.24)
eoD(w) + anr)D(wy)D(wn)

né co thé duoc biéu dién theo cac s6 hang cliatich clia cac do cam tuyén tinh:

2
(’:U ma

N2e3

(2)

X Ny Fap, wy, wy) = (0 (1),

L] -+ 2y ],Y o) I,Y () (_(r_)z ) | 1425 ;i

X

Béng cach so sanh phuong trinh (1.4.20) va (1.4.24), ching ta thdy rang khi o,tién

t6i o, 1@ (0, +o,,0,,0,) tiéntdi 1?2 (2o,,o,,0,).
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D6 cdm phi tuyén mé t4 nhitng qua trinh bac hai con lai thu duoc theo cach
twong tw. BOi voi sy tao tan s6 phach, ching tatim duoc:

.2 o)
N(e’/egm~)a

D(wy — o2 )D(o)D(=aw»)

¥ wy —an, wy, —un) =

2
exma .
= 0 )("]} w| — @ x{” w]}x{]’(—mg).
N2e3

(1.4.26)
Va doi vai sy chinh lvu quang hoc, ching tatim duoc
N (e /m?)a
,}{(2)(0.0_)],—0_)])= ,J (e”/m”)
coD(0)D(wy))D(—wy)
2
(S
= 0 OOy Viw) P (—wy).  (1.427)
I-\.TZC;J

Nhitng phan tich vira dwoc dua vao ching té rang dong gop phi tuyén bac
thap nhat vao dé phan cuc cua vat liéu khong cé d6i xirng xuyén tam la bac hai
trong cuong do trudng dit vao. Su phan tich ndy co thé dé dang duoc mé rong dé
tinh dén anh hwdng clia cac bac cao hon. Chang han, nghiém clia phwong trinh
(1.4.7¢) dan dén do cam bac 3 hoic ¥ ¥, vanhitng s8 hang téng quat hon ti 18 v6i

A" trong khai trién dwoc mo ta boi phuong trinh (1.4.6) dan dén cac do cam .
1.4.2 Nguyén li Miller

Nguyén |i kinh nghiém do Miller (Miller, 1964; hoac xem Garrett va Robinson,
1966) c6 thé hiéu duoc dwa vao sy tinh todan méi duoc dua vao & trén. Miller thay
rang dai lvong

5
X("(cu] + an, w, @)

(1.4.28)

x! D(wy; + an ) x| D (w1)x D (an)
gan nhv bang hang s6 d6i voi tat ca céc tinh thé khong c6 d6i xding xuyén tam.
Bang céach so sanh va&i phuong trinh (1.4.25), ching ta thdy dai luong ndy s& |a
hang s chi néu td hop
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2
m C(&O
i'sz.’B

(1.4.29)

gan bang hang s6. Qua thuc, mat do nguyén tr N gan bang nhau d6i véi tit ca céc
nguyén t&r clia vat chét & trang thai cd dic (=10%cm™), va céc tham s6 mvaela
nhi*tng hang s6 co ban. Chiing ta co thé wéc lwong dwoc do 16n cla hé s3 phi tuyén
a bang cach cha y dén sy dong gop tuyén tinh va phi tuyén vao luc phuc hoi
[phuong trinh (1.4.2)] s& bang nhau khi d6 dich chuyén vi tri X clia electron khoi
vi tri can bang gan bang kich thudt nguyén tir. Khoang cach ndy vao c& khoang
céch gilra c&c nguyén tir, nghta la hang sd mang d. Nguyén nhan nay dan dén bac
do 16n woc tinh khoadng mw>d = mad * hodc bang

2
O_)U

. (1.4.30
d )

a =

B&i vi ®,vad gan nhw bang nhau déi voi tat ca cac chéat ran, dai lvong a cling sé
gan nhu bang nhau d6i voi tat ca cac vat liéu trong do6 n6 khong bién mét vi Ii do
doi xing.

Chung ta ciing ¢6 thé dung wéc tinh vé hé sd phi tuyén a dé wéc tinh do I6n
clla dd cAm bac hai trong diéu kién khong cong huédng cao. NEu ching ta thay thé
D(w) bing ®¢ & mau sb trong phuong trinh (1.4.24), dat N bang 1/d®, va dit a
bang o /d , chiing tatim duoc ¥ ¥ vao c&

.

X{z}z%- (1.4.31)
e‘(;mzw'oddf
Ding gidtri @, =1x10°rad/s, d=3A, e=16x10"°C, m=9.1x10"kg,
ching ta tinh ra duoc:

"

P ~6.9x1072myV, (1.4.32)

két qua nay phu hop voi nhitng gia tri dwoc do bang thuc nghién trong bang 1.5.3
(xem trang 50).
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1.4.3 M0i tredng do6i xirng xuyén tam

Da&i v6i truong hop clia moi tredng déi xing xuyén tdm, ching ta gia sir rang luc
phuc hoi dién khéng cé dang gidng nhu phwong trinh (1.4.2) maphai la

thuc hbi = —mmﬁ_i‘ + mh_i‘", (1.4.33)

& day b la théng sb dac trung cho mirc do cta sy phi tuyén. Luc phuc héi nay
twong tng véi ham thé nang c6 dang

. | B _
Ux)= —f Fobge ndi d¥ = SMmawnxT — Inu';_rJ‘. (1.4.34)

Ham thé dwgc minh hoa trong hinh 1.4.2 (ddi v6i truong hop théng thudng trong
d6 b dwong) va déi xirng khi thwe hién phép todn X — —X, diéu ma phai ¢ déi voi
mot moi treong co tm déi xing dao. Cha ¥ ring —MbX* /4 1a s5 hang hiéu
" A o o x x Az ras 1 >
chinh bac thap nhat cua giéng thé parabol dugc mo ta boi sd hang Emoaéxz.

Chuing ta gid s rang st dich chuyén dién X khéng bao gio qua I¢n dén ndi can
phai bao gdbm nhiing s6 hang bac cao hon trong ham thé.
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Ulx)

_——parapol parapol —

N\

Thé ning
thuc su

>
X

Hinh 1.4.2| Ham thé ning ctia méi trudong ddi ximg xuyén tim

Ching ta sé thdy bén dw6i rang dap tng phi tuyén bac thip nhéat do lwc phuc
héi (phwong trinh 1.4.33) la déng gép bac ba vao d6 phan cuc, né cé thé duoc mo
tad b&i d6 cam »® . Ciling giébng nhv trong trvong hop clia moi trvong déi xirng
khong xuyén tam, tinh chét tenxo clia do cam nay c¢b thé khong dwoc chi rd néu
khong biét hoan toan d6i x(rng bén trong ctia mdi trudng. Mot trong nhitng trvdng
hop quan trong 14 mdi truong dang hudng (cling nhw d6i xing xuyén tam). Vi du
vé nhirng vat liéu nhu thé lathly tinh va chéat 1éng. Trong trudng hop nhu thé, biéu
thirc ctialuc phuc héi cé dang

- . o )
Fpngensi = —magr + mb(r-rr. (1.4.35)

S6 hang thit hai trong biéu thirc clia lwc phuc hdi phai co dang nhu duoc biéu dién
bdi vi nd chi la dang bac ba trong do Iéch ¥ va hudng theo hwdng 7, day chi la
hwdng kha di ndo dé clia mdi treong dang hudng.

Do dd, phuong trinh chuyén déng ctia mot electron 1&ch khoi vi tri can bang
&

i + Zyi" + wgf —b(f-P)r = —eR(1 )/ m. (1.4.36)
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Chang tagia sl rang tredong dat vao cé dang
E{r) ZEIf)—i:u]r + Ezf,—iwgr + E_‘;f,’_f&)gr +ee (14.37)

Chung ta cho phép tredng c6 ba thanh phan tan s6 khac nhau béi vi day la kha
nang tong quét nhat doi voi twong tac bac ba. Tuy nhién, phép tinh todn sé tré nén
rdt dai dong néu tat ca ba thanh phan dugc viét twdng minh, vado dé chiing ta biéu
dién trwong dat vao l1a

E() = Z E(w,)e ", (1.4.38)

Phuong phap gidi twong tw nhw duoc dung trong moi trvong déi xirng khéng xuyén
tdm. Ching tathay E (t) trong phuong trinh (1.4.36) bang AE, & day A |a mot tham
s dac treng cho mic do nhiéu loan va duoc cho bang 1 & cudi qua trinh tinh toan.
Chuing ta tim nghiém cla phuong trinh (1.4.36) dwdi dang chudi Iy thira theo
tham s6 A :

~(2)

i) =2F V0 +22FP O+ 3V + - (1.4.39)

Ching ta thé phwong trinh (1.4.39) vao phuwong trinh (1.4.36) va doi hoi rang
nhitng s hang ti 18 v6i A" bién mat mdt cach téch biét d6i voi mbi giatri ciian.
Do do, chung ta tim duoc

{1} 1y _

+ 2% D4 gtV = —eE(r)/m, (1.4.40a)
i 4 291? 4 wiF?® =0, (1.4.40b)
('))}_|_') r()}_l_c}g (3) b(r(“'r(]}}i‘.(llzo (1440(:)

Tuwong ¢ng v6i n=1,2 va 3. Phuong trinh (1.4.40a) don gian la phién ban vecto clia
phuong trinh (1.4.7a) maching ta dagap & trén. Nghiém dirng ciiand la

FD@) = D (@p)e™ (1.4.41a)
O day
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—cE(wy)/m

(1) 1
r'(w,) = (1.4.41b)
? D(U{)” )
VoI
D(w,) = (!_)S — u_)f; — 2w,y
béi vi sy phan cuctai tan s6 @, la
PO (w,) = —Ner'Viw,), (1.4.42)

Chuing ta cd thé mo ta céc thanh phan Bé Céc clia do phan cuc qua hé thirc

Pf.{“(o_)”) — ¢ Z X,;{f-l (o, )E j(wn)- (1.4.43a)
J

O day do cdm tuyén tinh 14
% @n) = Vs (1.4.43b)

Véi %" (@,) duoc cho trong phuong trinh (1.4.17) 1a

D) Nc’zfm (1.4.430)
. Wy )= —— A.495C
X ! eoD(wy)

va @ day o, laki hiéu Kronecker, n6 dwoc dinh nghfa la 8; =1khi i=j va 8; =0
khii=j.

DPap ¢ng bac hai clia hé théng dwgc md td bdi phuong trinh (1.4.40b). Béi vi
phrong trinh ndy tat dan ma khong duoc diéu khién, nghiém xéc |&p ctia nd bién
mat, nghia la

% =0. (1.4.44)
Pé tinh toan dap Gng bac ba, chung ta thé biéu thic cia 7 (t) trong

phuong trinh (1.4.414) vao trong phuong trinh (1.4.40c), n6 tré thanh
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be*[E(w,,) - E(w, JE(w),)
m->D(w,,)D(w,) D(w))

=) o & I~
) 4297 mOIH — E

ninp

v f,—i{w.,;—kwﬂ—l—cup )i ) (1 _1_44;)

Bdi vi tong duoc ldy trén m, n vap, vé phai clia phrong trinh nay chira nhiéu tan
s6 khéc nhau. Chung taki hiéu mdt trong nhitng tan s nay la ®4 =®,, +©, +®,
. Do d6, nghiém clia phuong trinh (1.4.45) ¢6 thé dwoc viét dwdi dang:

i (1) = Zl‘{”(mq —iegl (1.4.46)

Ching ta thé phwong trinh (1.4.46) vao trong phuong trinh (1.4.45) va tim
f(B)(w )
q

be’ [E(wy,) - E(oy)E(w))
HJBD((U,”)D((UH)D(U_)p) '

2 2\ (3)
(—w(f,—io)qu—l—w[,)r (wy) = — z

(mnp)

(1.4.47)

& day tong dugc ldy trén nhiing tan s ®,, M,, va ®,Vv6i diéu kién la w,, + w, +
wy, phéi bing w,. B&i vi hé 6 & vé trai treec 7 (w,) chinh 1a D(w,), ching ta
thu duoc

(1.4.48)

B Z be’[E(wy) - E(wp) |E(w)y)

[‘(3)(()«_)({)= Yy : :
m>D(wg)Diw,,) D(w,) D(w,)

(mnp)

Do do, bién d6 ciathanh phan phan cuc dao dong tai tan s6 wq dugc tinh theo
bién do nay |a
PP (w,) = —Ner™ (w,). (1.4.49)
Tiép theo, chiing ta str dung lai dinh nghta vé dé cam phi tuyén bac batrong

phuong trinh (1.3.20),
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(3) (3)
P'.- (wg) =€ Z Z ){UM{U_J{‘,. W s Wy s w‘,;)EI; (e ]E,{-[{U”]E{((UP].

Jkl (mnp)
(1.4.50)

Bdi vi phuong trinh ndy chira tong lay trén nhitng bién s gia m, n, va p, c6 nhiéu
céch chon biéu thirc clia d6 cam phi tuyén. M6t sy lwa chon hién nhién cho biéu
thirc clla d6 cam dwatrén cach viét phuong trinh (1.4.48) va (1.4.49) la

Nbe$ i

i (1.451)
com? D (iq) D(,,) D () D0 )

(3)
Xiiki (g, Wy, @y, wp) =

Trong khi phuong trinh (1.4.51) lamot biéu thirc hoan toan thich hgp cho do
cam phi tinh, n6 khéng biéu dién ré rang va day di tinh chét déi xirng cla twong
téc theo sy tly y cla tredng ndo maching tagoi la Ej (w,). ca nao ching tagoi la
Ey(w,) vacai nao ma ching ta goi la E;(w),). Viéc dinh nghia dd cdm phi tuyén
dé thé hién sy ddi xtng nay la diéu théng thuwong. S ddi xing nay dwoc goi la doi
xtng hoén vi ndi tai. Bdi vi ¢6 6 hoan vi tht tv trong d6 Ej(wp,), Ex(wy) va
Ej(wy) c6 thé dugc chon, ching ta dinh nghia do cAm béac 3 1a mot phan sau clia
tong clia 6 biéu thirc twong tw phuong trinh (1.4.51) véi treong dau vao duoc lay
trong tat ca nhitng vi tri kha di. Khi ching ta thuc hién quy luat nay, chang ta nhan
thdy rang chi ba dong gop riéng biét xuat hién va dang cudi cing ctia do cam phi
tuyén la

; Nbe*[8::8u + Sikd i + 518 4]
. EFUH}'} D{(H(.,r ) D((”m) D () D((”‘”) |

(1.4.52)

_ }
Xiikl (g, W, oy, mp) =

Biéu thirc nay co thé duoc viét lai theo do cdm tuyén tinh tai bon tan sd khac nhau
Wq, Wy, Wy, VA Wy, bang cach dung phuong trinh (1.4.43c) d€ khir hé s5 cong
hwéng & mau s8 D (w). Do dé, ching ta thu dwoc:

'%

(3) ( ) [NH(:'E}
X R R (f.)q N (J'_)Jr” . U_)” . (f_)!f;l — T
K IN3e?

X [87j0k1 + 8ikdj1 + 8116 ji]- (1.4.53)

[X S }(f’-’q )X{l}(wm)){ S }(fi)n))f{]}(wp ]]
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Chung ta c6 thé wéc tinh gia tri cla hang s3 hién twong luan b xudt hién
trong két qua nay bang cach st dung mét déi sb twong tw nhw duoc ding & trén
(xem phuong trinh 1.4.30) dé wéc tinh gid tri clia hang sO a xudt hién trong biéu
thirc ctia 1 ® . Chiing ta gia si¥ rng su déng gép tuyén tinh va phi tuyén vao luc
phuc hoi (phuong trinh 1.4.33) s& bang nhau vé do 16n khi do dich chuyén vi tri X

bing v6i kich thudt nguyén tir d, nghia lakhi Moyd =mbd® | suy ra;

)2
b= “o
d?

(1.4.54)

Dung biéu thirc nay clia b, bay gio chiing ta c6 thé wéc tinh giatri clia do cam phi
tuyén. DGi vé6i truong hop kich thich khang cong huéng, D (@) gan bing véi ®¢
vavi thé tir phuong trinh (1.4.52) ching tathu duoc:
; Nbe* o
A (1.4.55)

eon’ wg €01 o_)gds

Cho d =3A va w, = 7x10®rad/sec, chlng ta thu dwoc
(3) 4 2 2 .
x =344 pm~/V (1.4.56)
Trong chuong 4, ching ta sé thdy rang gia tri nay l1a dién hinh cho do cam phi
tuyén ctanhiéu loai vat liéu.
1.5. Tinh chat cta do cAm phi tuyén

Trong phan nay, ching ta sé nghién ctru mot so tinh chat d6i xing hinh thirc ctia
dd cam phi tuyén. Dau tién, chiing ta hdy tim hiéu xem tai sao viéc hiéu nhitng tinh
chat d6i xting nay rat quan trong. Chiing ta hdy xét twong tac 1an nhau ctia 3 sdng
cotansd ;,m,,va ®; =®; +®, , nhv dvoc minh hoatrong hinh 1.5.1

40



CHUONG I: DO CAM QUANG PHI TUY EN

Hinh 1.5.1| Cac séng quang hoc tdn sb @). @2vawy = w| + o
tuong tac trong moi truong quang hoc phi tuyén bac hai mat mat.

Mot sy md t& hoan chinh vé nhirng song nay doi hoéi ching ta phai biét do phan cuc
phi tuyén P(w;) &nh hudng 1an nhau. N6i chung, bdi vi nhitng dai lwong nay duoc
cho (xem phwong trinh 1.3.12) béi biéu thic:

(2)
Pi(w, + wp) =€ Z Z Xfﬂ\' (wn + Wy, W, U)m)Ej (wn) Ex(wm), (1.5.1)
Jk (nm)

Do d6 ching ta can xac dinh 6 tenxo

{2}{0 (., —) {2}{0 —n, (1)) {2}{0*. (., — )

Kije @1 @3, =@2)s - L (@1 =@, @3), - X j (@2, @3, —@1),
(2) (2) \ (2)

;{m_iwg. —w],w3), xj-j,‘.{wa. Wy, @2),  va Y (@3, o, o)

Vathém 6 tenxo nita trong d6 moi tan sd dugc thay bang giatri am cliand. Trong
nhirng biéu thirc nay, chi s i, j vak cd thé khdng phu thudc vao viéc 1dy nhitng gia
tri X, y vaz. Vi méi thanh phan trong 12 tenxo nay chia 27 thanh phan Dé Céc, vi
thé can phai c6 324 s6 phiic khac nhau can dwoc chi ra dé mo ta tvong tac.

May thay, cO mot sd han ché bt ngudn tir tinh d6i x(rng thiét 1ap méi quan
hé gitra nhirng thanh phan khac nhau ctiax ®, va do do can it hon nhidu 324 s§ dé
mo ta s két hop phi tuyén. Trong phan nay, chiing ta nghién ctru mot s6 tinh chat
hinh thirc nay clia d6 cdm phi tuyén. Chiing ta sé nghién ctru d6 cAm bac hai X 2)
nhung c6 thé dé dang m& rong cho x *)va céc bac phi tuyén cao hon.

1.5.1 Tinh thuc clia trvong
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Chung ta da biét do phan cuwc phi tuyén mo ta dap tng tan sb tong voi trwvdng dau
vao tai tan sO ®,,va o, la

P(r.t) = P;(w, + wy)e rnton)l L p(—wm, —w,)enTen)l (1.52)

Ba&i vi P;(r t) la dai lwvong vat 1i co thé do dwoc, nd phai 14 s3 thuc, va vi thé méi
guan hé gilta nhirng thanh phan tan s am va dwong cliand phai la

Pf(_fi)‘;lr - (f_)rl‘lil) — Plr (Cf.)” + CJ'_)”? ]*. (1.5.3)

Truwdng dién cling phai la dai lvgngng thuc, va nhirng thanh phan tan sb phirc clia
no ciing phai tuan theo diéu kién tvong tu:

Eii—w,)=Ej(wy)", (1.5.4a)
Ek(_'f’-’.r.fi) = E,{ {U)JH)** (1.5.4b)

Bai vi trwong va dd phan cuc lién hé véi nhau qua d6 cdm bac hai (phwong trinh
1.5.1), chiing ta suy rarang nhirng thanh phan tan sd am va duong ctia dd cdm phai
lién hé v&i nhau theo hé thirc

2) \ (2) -
Xiip(=@p — @ — Wy, —p ) = Aiik (W + Wy O, W)™ (1.5.5)

1.5.2 B6i xirng hdéan vi ndi tai

Tl trwde, ching ta da dua vao d6i x(rng hodn vi ndi tai khi chiing ta viét lai biéu
thirc (1.4.51) cho d6 cdm phi tuyén clia dao dong tr phi diéu hoaco dién dudi dang
thong thwong trong phuong trinh (1.4.52). Trong phan nay, ching ta sé nghién ctru
doi x(rng hodn vi noi tai theo mdt quan diém tong quat hon.

Theo phuwong trinh (1.5.1), mot trong nhitng dong gop vao dé phan cuc phi
tuyén Pi(w;, + wy,) latich

(2)
Xijk (@y + @y, Wy, U-).-N)Ej (@) Eg (@)

Tuy nhién, bdi vi j, k, n vam lanhiing chi sd gia, do dé chiing ta cd thé viét dong
gdp ndy bang cach thay n bang mvaj bang k, nghia la
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(2)
Kikj (W + Wy Wy ) E (U-Jm)E_f ()
Hai biéu thirc ndy bang nhau néu dé cam phi tuyén khong thay d6i khi hoan vi
dong thoi 2 d6i s6 tan s6 cudi cung ciiand va 2 chi s Bé Céac cubi cung cliand:

(2) (2)
Xisp@n + @y, o, 0p) = Xig; (@n + @m @, @p). (1.5.6)

Tinh chat nay dwoc goi la d6i x(rng hoan vi ndi tai. N6i mdt cach vat i hon, diéu
kién nay don gian chi 1a mot phat biéu noi 1én rang trudng nao 1a tredng thir nhat
va truong nao la truong thiv hai trong tich E; (w,,) E;(w,,) khong quan trong.

Cha y rang diéu kién déi xing nay dwoc dua vao mot cach thuan tdy dé cho
thuan tién trong viéc tinh todn. Chang han, ching ta cd thé dat mot sb hang trong
cap nguyén t6 duoc biéu dién trong phuong trinh (1.5.6) bang 0 va nhan doi tri so
clia s hang con lai. Sau dd, khi phép nhan déi tong trong phuwong trinh (1.5.1)
duoc thyc hién, két qua déi voi dai lvong cd y nghia vat Ii P;(w, + wy,) £ gilt
khong doi.

Diéu kién doi xrng nay cling co thé dwoc rit ratlr quan diém tdng quat hon
dung khai niém ham dap (rng phi tuyén (Butcher, 1965; Flytzanis, 1975).

1.5.3 B6i xirng trong mdi trudng khdng méat mat

Hai d6i x(rng nira clia tenxo d6 cdm phi tuyén can dwgc thém vao trong trrvong
hop moi tredng phi tuyén khéng mat mét.

Diéu dau tién trong s8 nhitng diéu kién nay phét biéu rang d6i véi mot moi
trung khong mat mét tit ca nhing thanh phan clia Xig (@, +©n.0,,0,) &
thuc. KEt qua nay ciing ding cho dao dong tir phi diéu hoa co dién duoc thao luan
trong phan 1.4, va cd thé duoc kiém lai bing cach danh gia bidu thic ctia @
trong gidi han ma & do tat ca nhitng tan so dat vao vatong va hiéu clia chiing khéc
dang ké véi tan s3 cong hwdng. Sy chitng minh téng quét rang @ lathuc déi voi
moi tredng khéng méat mét thu dugc bang céach chi rarang biéu thic co hoc lvong
tl ctia x @ cling hoan tdan lathwc trong gidi han ndy (dwoc thiee hién trong chuong
3).
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Céa tht hai trong nhitng d6i xirng méi nay la d6i xi*rng héan vi day da. Biéu
kién nay phét biéu rang tit ca nhitng déi s5 tan sO clia dd cam phi tuyén c6 thé déi
chod tw do, v&i diéu kién la céc chi sd clia hé toa d6 D& cac phai thay d6i dong thoi.
Trong viéc hdan vi d6i sb tan s6 can nho lai rang déi s6 dau tién ludn laténg cla
hai cai sau, va do dé tan sd phai doi dau khi tan so dau tién hdan vi véi mot trong 2
tan s sau. Chéng han nhu, d6i x(*ng hoan vi day da am chi rang

(2)

(2)
ik

(0; =0, +0,) = X ki (-0, =0, —0;). (1.57)
Tuy nhién, theo phuong trinh (1.55), vé phai cla phwong trinh ndy bang
13 (0, =0, —0,)", boi vi tinh thyc ctia x® d6i véi moi treong khong mét mét,
béng %7 (@, =0, —0,). Vi thé ching ta két luan ring

(2

(2
Xijk

(03 =0, +0,) =% ;i (0, =—0, +®y). (1.58)

Bang mdt quy trinh twong tw, ngudi ta ching to rang

Xiﬁﬁ) (03 =0, +0,) = Xj(lfl) (0, =0; —0,). (1.59)
Chtrng minh trong treong hop tong quét vé diéu kién cla doi xtrng hdan vi day
da doi hoi phai xac nhan rang biéu thirc co hoc lvong tr clia x @ (S8 duoc thuc
hién trong chwong 3) tuan theo diéu kién nay khi tat ci cac tan s quang bi mat
diéu huéng nhiéu do rong phd so véi tan sd cong hwdng clia mdi trveng quang
hoc. Boi x(rng hdan vi day du cling c6 thé duoc suy ratlr sy xem xét mat do nang
lvong truong , nhe duoc chi ra bén duéi.

1.5.4 Mat dé nang luong trudng ciia moi tredng phi tuyén

Diéu kién dé cho d6 cdm phi tuyén phai co hdan vi day di trong moi treong khong
mat mét co6thé dwoc suy ratir viéc xem xét dang clia nang lwong truong dién tir
trong moi trwdng phi tuyén. Boi voi trudng hop cla moi truong tuyén tinh, moi
lién hé giitamat dé nang lvgng va cudng doé treong dién

Eiit)=> Ei(w)e™" " (1.5.10)
H

duoc tinh theo dinh li Poynting
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U=

(ﬁ-ﬁ):%Z(ﬁfﬁf). (1.5.11)

l
=
L .

!

& day dau ngodc nhon biéu thi 1dy trung binh theo thoi gian. Béi vi vecto cam (rng
diénla

D;(t) =« Z e Ej(t) = e Z Z €ijlwy)Ej(wy)e™ """, (1.5.12)
Jj j n

& day tenxo dién méi dugc cho boi
g; (@,) =8; + % (@,), (1.5.13)

Chung ta cd thé viét mat do nang lvong la

(_D ZE (wy)E;i(wy) + OZZE (wy,) j ((J_}”)EJ;(U)H].

(1.5.14)
O day s6 hang dau tién biéu dién mat dd nang lvong lién quan dén trwong dién
trong chan khong va sé hang thit hai biéu dién ning lwong dwoc du trir do d6 phan
cuwc dién méi ciia moi trvong.
DGi vai moi treong phi tuyén, biéu thirc clia mat do nang lvong treong dién
(Kleiman, 1962; Armstrong va cac cong su., 1962; Pershan, 1963) lién hé v&i dé
phéan cuc clia mdi trvd'ng cd dang téng quat hon

(_
0 z Z X” |(n E () IE (e )
j]f

€0 2 % ,
+ 3 E E Aijk (= — Wy, W, ) E7 (@ 4 ) E i (g ) Ej ()

ifk mn

€0 =
+— E E _”h,( Wy — Wy — Wyyy Wy Wy, D) (1.5.15)

ijkl mno

X EXwy, + w, + 0o E j(wy) Ep(w, ) Ejf{wy) + - - .
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Hién tai, nhiing dai lugng @', @', ....duoc xem 1a nhitng hé s6 trong khai
trién chudi Iy thira cla U trong do Ion clia trwdng dit vao; sau ndy, nhitng dai
lvgng nay c6 lién quan dén d6 cam phi tuyén. Bé&i vi vi tri ma & dé trwdng duoc
nhan véi nhau trong viéc xac dinh U khdng quan trong, nhitng dai lvong )((”)' ro
rang cé doi xirng hdan vi day du, nghta 13, nhitng d6i so tan s6 ¢ thé dugc hdan vi
tw do mién lanhitng chi sd twvong tng cling dugc hdan vi.

DE thiét 1ap mbi quan hé gitra biéu thirc (1.5.15) clia mat do nang lvong voi do
phan cuc tuyén tinh, réi sau d6 dén do cdm phi tuyén, ching ta ding két qua ma do
phan cuc clia mdi truong dwgc cho (Pershan, 1963; Landaw va Lifshtz,1960) b &i
biéu thirc

dU

(W) IE* (o) H)

Do do, bang céch 14y dao ham phwong trinh (1.5.15), chiing ta thu dugc mot biéu
thirc cho d6 phan cuc tuyén tinh

P,r'{ | }((!.)m ) = €0 Z Xf'{,fl}(wm)g.f (W), (1.5.17a)

J

Va cho d6 phan cuc phi tuyén

(2) i E Z (2)
P.I’ ((J.)”"r + (1_)”) = EO X,r‘r-pi\ (_('!')f” - (f.)” . (-f.)”F i (.f_)” ]Eﬂr (U_)”-,)Ek ((.f_)” )

Jk (mm)
(1.5.17b)

(3) i Z Z (3)
Pi ((P_)‘r” + (f_)” + (J'_)U) = EO Xf;krl(_(f)‘r” - (f_)” - Cf.){)‘ (f_)‘r”. (f_)” ) (,')U)
Jkl {(mno)

X Ej(wpm) Ex(wp) Elf(w,). (1.5.17¢c)

Chling ta cht y rang 2 biéu thirc cubi cuing ndy gidng vai phuong trinh (1.3.12) va
(1.3.20), n6 xac dinh do phan cuc phi tuyén (ngoai trir s kién khdng quan trong la
nhing dai lvong X™ vax™  dung nhirng ki hiéu trai nguoc déi véi dau clia d6i s
tin sB dau tién). Béi vi x™ co d6i xtrng héan vi ddy di , chiing ta suy ra ring do
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cam y"cling vay. Cht y rang s chirng minh ndy chi c6 gia tri cho méi trwdng
khong méat méat béi vi chi trong tredng hop nay ndi nang mai laham trang théi.

1.5.5.D0i xirng Kleinman

Thirong thi tvong tac quang phi tuyén bao gbm nhitng sbng quang ma tan sb o,
ctand nho hon réat nhiéu tan s cong hwéng thap nhat cla hé vat liéu. Trong nhirng
diéu kién nay, vé co ban do cam phi tuyén khéng phu thudc vao tan s. Chang han,
bi€u thirc (1.4.24) do6i voi do cam bac 2 cla dao dong t&r phi diéu hoa tién ddan
rang giatri cia dd cam khong phu thudc vao tan so clia séng dat vao bat ct khi
nao nhitng tan s nay nhé hon nhiéu so vei tan sd cong hudéng o,. Hon nita, trong
diéu kién kich thich tan s thap hé théng dap (rng mot cach tirc thoi véi truong dat
vao, va ching ta da thdy trong phan 1.2 rang trong nhitng diéu kién nhu thé, do
phéan cuc phi tuyén co thé dwgc mo ta trong mién thoi gian theo biéu thirc

P(t)y=eox P E*(1), (1.5.18)

O day 5@ c6 thé duoc chon lamot hang sB.

B&i vi mdi treong tat yéu sé khong ton hao bat ¢l [Uc nao nhitng tan so w; [6n
hon nhiéu so véi tan s6 cdng huwdng wy, diéu kién déi xing hdéan vi day du (1.5.7)
phai ding trong trrdng hop nay. Piéu kién nay phét biéu rang nhitng chi sd c6 thé
duoc hdan vi mién la tan s dwoc hdan vi mot cach dong thoi va nd dan dén két
luan rang

(2) (2) (2),
Xf,ff( (w3 =w] }wy)= X‘jkf (] = —w>r + w3) = Xf'\'fj (wr =w3 — w)
(2), 2
— }(‘;k;"u)} — un + 42y } = }(}.\{_H(u)z — — ) + U.):;)

(2) \
= g lw=w3 — o).
J

Tuy nhién, trong trwang hop dang xét x@ khéng that sy phu thudc vao tan O, va
do do chung ta c6 thé hoan vi nhitng chi s6 ma khéng hdan vi tan s8, dan dén két
qua
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2y oy — L2y R ) P .
Xijk (3 =) F+wn) = Xivt (3 =y +an) = Krii (03 = mp —+ wn)

(2) 2],
= Xikj (my =w)+an) = Xiik (wy = w4+ an)

= 12 (3 = ) + ). (1.5.19)

KEt qua nay duoc goi ladiéu kién doi xitng Kleinman. Né ding bét civ khi nao su
tén sic clia d6 cdm co thé duoc bd qua.

1.5.6 Ki hiéu quy woéc

Bay gi0 ching ta dua vao nhitng ki hiéu quy wéc thuong duoc ding khi diéu kién
doi xtrng Kleinman cé giatri. Ching ta dua vao tenxo
1
dijk = E Xi,(f) (1.5.20)
nham muc dich triét tiéu nhitng d6i s6 tan s8. Do d6 do phan cuc phi tuyén co thé
dwoc viét la

Pilwn+om)=€0 Y Y 2dijkEj(wn) Ex(@n). (1.5.21)
Jk (nm)

Bay gi¢r chiing ta gia s rang d;jx  d6i xing & hai chi SO cudi clia nd. Gia thuyét
nay ding béat ctv khi nao diéu kién d6i xrng Kleinman ding va cling ding cho
treong hop tong quét la sk tao sdng hai bac hai, bai vi trong triedng hop nay @, va
wy, bang nhau. Do dé ching ta don gian hoa ki hiéu bang cach dua vao ma tran
quy wéc di; theo quy luat

jk: 11 22 33 2332 3113 1221

(15.22)
l: 1 2 3 4 5 6

Do d6 tenxo d6 cdm phi tuyén co thé duoc biéu dién nhw mot matran 3x6

48



CHUONG I: DO CAM QUANG PHI TUY EN

d; d, dy d, ds dg
dy=|dy dyp dy dy dy dy|. (1.5.23)
dy; dyp dyy dy dy dy

Béy gi0 néu chlng ta dwa vao mot cach rd rang diéu kién déi x(rng Kleiman, nghia
|& chiing takhéng dinh nhitng chi 8 d; ik €6 thé dugc hdan vi tu do, ching tanhén
thdy rang khéng phai tat ca 18 thanh phan cllad; déu doc 1ap. Chang han, ching
tathay rang

dy, =d,, =d,, =dy (1.5.24a)
Va
dyy =dpy =dy; =dy. (1.5.24b)

Béng céach &p dung nhitng d6i 8 loai ndy mot cach hé thdng, chiing ta nhan thay
rang d; chi co 10 thanh phan doc Iap khi diéu kién d6i xing Kleiman nghiém
dang; dang cliad;; trong nhitng diéu kién nay la

dy d, d dy dg dg
dy =|ds dy dy dy dy dp|. (1.5.25)
d dy dg dyy dy dy

Chung ta co thé md ta do phan cuc phi tuyén dan dén si tao song hai bac 2 theo d;
bang phuong trinh matran

E, (0)?
E,(®)’
P, (20) d, dyp dj dy dy dy Ey(m)z
Py(zw) =2/dy dy dy dy dy dy 2Ey(z‘))Ez((D). (1.5.26)
P, (2w) dy, dy dy dy dy dg 2E (0)E, ()
2, (0)E, (©)|

Khi diéu kién doi xirng Kleinman nghiém ding, ching ta c6 thé mo ta do
phan cuc phi tuyén dan dén sy tao dao dong tan sd téng (V0i o, =, +o,) bang
phuong trinh
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P (®;) d, d, dy dy dg dg
Py(@5) |=4e,|dy dy dy dy dy dy
P, (®;) dy dyp, dy dy dy dy
E, (w,)E,(®,) |
E, (0,)E,(,)
o E,(»,)E,(»,)
E, (), (0,) + E, (0)E, (0,) | (1527)
E.(@)E,(@,) + E,(0,)E, (®,)
_Ex (0‘)1)Ey (@,)+ Ey(o‘)l)Ex (032)_

Nhw dwgc mo ta & trén, trong moi quan hé voi phrong trinh 1.3.16, hé s6 bo sung 2
Xuat hién do viéc 1ay tong trénn va m trong phwong trinh (1.5.21).

1.5.7 Giatri hiéu dung cta d (desr)
DBéi voi hinh hoc ¢6 dinh ( nghta la , d6i véi su truyén va hwédng phan cuc co dinh)
cO thé biéu dién dd phan cuc phi tuyén |am phét sinh s tao tin s6 tdng qua biéu
thtrc vO hrdng
P(ws) =4depdoss E (7)) E(w»), (1.5.28)

Va twong tv cho sy tao song hai bac 2

P(2w) = 2e0deit E (w)?. (1.5.29)
O day

E(w)= |E{w}| va Plw)= |P{m]|,

Trong moi tredng hop, dess thu dugc bang cach dau tién xac dinh P mdt céch
twong minh quaviéc dung cac phuong trinh (1.5.26) hoac (1.5.27).
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Céch thirc tinh téan tng quét d.rr cho moi I6p tinh thé da duoc dua ra boi
Midwinter va Warner (1965); xem bang 3.1 clia Zernike va Midwinter(1973).
Chéng han, ho chirtng minh réng déi véi nhitng tinh thé mdt truc am thudc 16p tinh
thé 3m, giatri hiéu dung cliad duoc cho bdi biéu thirc

dg =d, sin® —d,, cosO sin 3 (1.5.30a)

Trong nhitng diéu kién (dwoc goi la diéu kién loai 1) ma 2 sdng tan so thap hon c6
cung do phan cuc, thi

d, =d,, cos®0 cos3p (1.5.30b)

Trong nhitng diéu kién (duoc goi la diéu kién loai Il) trong d6 cac do phan cuc
vudng géc. Trong nhitng phwong trinh nay, 6 1a géc gitra vecto truyén song vatruc
tinh thé z(truc quang hoc) va ¢ 1a goc phwong vi gilta vecto truy@n va mat phang
tinh thé xz.

1.5.8 B0i xirng khéng gian ctia moi truong phi tuyén

Dang clia tenxo d6 cam phi tuyén va tuyén tinh phu thudc vao tinh chét déi xing
clia mdi trvong quang hoc. DE hiéu duoc tai sao nhu thé, chiing ta hdy xem xét mot
tinh thé ¢6 huéng x va y twong dwong nhung huéng z thi khac. Hréng x va vy
trong dwong c¢é nghta la néu tinh thé dwgc quay mot géc 90° xung quanh truc z,
cau trdc tinh thé khong thay déi. Do do, trucz duoc goi latruc déi xirng bac 4 clia
tinh thé. D6i véi mot tinh thé nhw thé, ching ta tién doan rang dap (ng quang hoc
S8 twong tw nhau khi trveng quang hoc dwgc dat vao theo hvdng x hoac y, vado
d6, chang han, thanh phan do cam bac 2 X;igc va )(g)y & bang nhau.

DGi voi bt clr mot tinh thé nao, dang clia d6 cdm quang hoc phi tuyén vatuyén
tinh duoc xéac dinh bang cach xem xé hé qua cla tit ca nhitng tinh chat déi xing
ddi vai tinh thé dé. Vi li do nay, can thiét phai xac dinh nhitng loai tinh chat doi
xtrng c6 thé xudt hién trong moi truong tinh thé. Bang cach dung |i thuyét nhém,
nhitng nha nghién ctru tinh thé hoc da nhan thiy rang tat ca céc tinh thé cd thé
duoc chia thanh 32 16p tinh thé phu thudc vao doi xirng nhém diém clia tinh thé.
Chi tiét vé céch phan loai ndy ndm ngoai pham vi nghién citu clia cubn séch nay.
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Tuy nhién, c6 thé lay vi du |13, mot tinh thé duoc goi lathudc nhém diém 4 néu noé
chi ¢6 truc doi xirng bac 4, nhém diém 3 néu nd chi cé mot truc doi xirng bac 3, va
thudc nhom diém 3m néu no co truc d6i xtrng bac 3 va thém mot mat phang doi
xtrng guwong vudng géc vai truc nay.

1.5.9 Anh huéng clia déi xttng khong gian dén tinh chat quang hoc tuyén tinh clia
moi trwedng vat chat

Dé minh hoa vé hé qua clia doi xirng khdng gian anh huéng dén tinh chat quang
hoc clia hé vat liéu, dau tién ching ta hdy xem xét truong hop han ché, doé la
nhirng d6i xirng nay quyét dinh dang cuia tenxo dd cam tuyén tinh y @ . K&t qua clia
viéc phan tich Ii thuy&t nhdm ching to rang 5 truong hop khéc nhau cé thé xay ra
phu thudc vao tinh chét d6i xirng clia hé vat chat. Nhitng tinh chét nay duoc tom tat
trong bang 1.5.1. M6i muc duoc dit tén theo hé tinh thé clia vat liéu. Theo 1é
thwong, tinh thé dwgc xép theo 7 hé tinh thé dva trén dang clia mang tinh thé.
(Bangl.5.2 bén dwdi cho sy tvong (ng gitta mot hé tinh thé v&i mot trong 32
nhém diém). D& cho hoan chinh, nhitng vat liéu dang hwéng (chang han nhu chét
|6dng va cat khi) cling dwgc dwa vao trong bang 1.5.1. Tir bang nay chang ta thay
rang nhi*ng vat liéu dang huéng va lap phuong 1a dang huéng trong tinh chét
guang hoc tuyén tinh ctia ching, béi vi @ la chéo v6i nhitng thanh phan trén
dudrng chéo bang nhau.
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Bang 1.5.1] Dang cua tenxo d6 cam tuyén tinh x!) dugc xac dinh
qua tinh chﬁt dbi xtmg coa rnﬁl trudng quang ht::c dﬁl vai 6 1op
tinh thé va déi voi vt liéu dang hm:mg Mébi },reu té khong

bién mat duoc ki hiéu boi chi s6 Dé cac cua no.

ETEE ¥ X ]
Tam ta vX ¥y ¥:
o ¥ II

ETE Xz )
Pon ta 0 ¥y 0
=X {j -

[xx 0 0
Hé hinh tho1 0 ¥y 0
0 0 oz

T giac Cvx 0 0]
Tam giac 0 xx 0
Luc giac 0 0 =z

n (v 0 0]
Lap phuong 0 xx 0

E)g'mg hu&ng | 0 0 xx |
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Béng 1.5.2|| Dang ciia tenxo do cam béc hai ctia 32 16p tinh thé.
Mai yéu tb duge ki hiéu bang chi s6 D& cic ciia né.

& tinh thé

L&p tinh the

Nhirng yeu to tenxo khong bien mat

Tam ta

Pon ta

Hé hinh thoi

Tir gide

Lap phuong

Tam gidc

Luc giac

1 =0y
1=5

2=0C

J'H‘:f'”,

2/m=Coyy
222=1»
mm2 =Cay,
it = Doy

4=0Cy
4=15;

422 =Dy

dmm = Cy,

:1.'£m = D:’x!’
4/m=Cyqp

4/ mmm = Dy
432=0

3m=Ty

23=T

md =Ty, m3m = Oy
I=0C5

32= Dy

3m = C3t'

3="5¢.3m= Dy
6=10Cg

6 =Cyy

022 = Py
Gmim = Cgy,
6m?2 = Dy
0/m=Cgp

o/ mmm = Dgy

Tét ca cde yéu tb khong phy thude va khic khéng
M3i yéu tb bién mét

XVI, XIY. XXV, XVX, VXX, VYV, ¥II, VIX, ¥XI, IVI,
zzv, sav, oy (true bic hai song song véi )

XXX, XYV, XIZNIN, XKD, VNI, VIV, YAV, VI, ZXX,
Zvy, 222,220, 247 (mit phing greng vuéng gée véi V)

M3i yéu t bién mét

X¥Z,XIV. ¥IX, VXI, ZXV, IVX

R S 8 T U U SR O R

M&i yéu t6 bién mit

A¥I = —¥YXI, XI¥ = —VIN I = VIV, XXI=y¥I,
XX =I¥Y.IIL.TAY = —IVX

AVI = WXD, NIV = VDX, XDV = —VIF, UXI = —¥VI,
XN = —IVY,IXV=IVX

XVI= —¥XI,XIV = —VIX,IXV=—I¥VX

XIX = VI¥.XXI = ¥¥I,IXX=ZIVV,ZIII

XVI= ¥XI,XIV= VIX, IXV=I¥X

Mdi yéu t6 bién mét

M3i yéu t6 bién méit

XVI==XI¥=¥YIX==VYXI=IXy==—I)X
XYI=XIY = YIN = yXI=IXY=IyX
AVI=YIXN=ZXY, XIY = VXL =2¥X

M&i yéu té bién mét

XXX = —AVV = —VVI = —VAV, XVI = — VX XIV = —VIX,

XZX=VIV,XXI = VVI, ¥V¥ = — VIl = —3Xy = —Xyx,
XN =I¥VV,III. XV =—I¥VX

AL =—XY¥V = —VVU¥ = —¥VXV, IV =—VXI,
XIy=—YyIX ZXy=—7IVX

XIX = VIV, XXT = ¥VI,INX = IVY, IZ2, V¥Y = —yaxX =
—xxv= —yyy (il phiing guong vudng goc vii )

M3i yéu t6 bién mét

AVI==VYXI, XIV==—VIN,. NI =VIV, XXl = VNV,

kX = :_1'_\', LLi, XY= —'.‘__‘l'.'[
XXX ==XVV==VXV==VVX,

PV = —¥AN = —Xyyr=—xxy
XVI==—VXI, XIV=—VXI,IXV=—IVX
XIX=VIV, XXI=¥VI, XX =ZVV,ZZZ
FYV==VIl = =10V =—XVY
Mdi yéu t6 bién mét
Mai yéu té bién mét
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Téat ca nhitng hé tinh thé con lai la di hwéng trong tinh chéat quang hoc tuyén tinh
cla chung (v6i y nghia la d6 phan cuc P khéng can song song véi truong dién E
dat vao) va do dé biéu thi tinh chét luvdng chiét quang. Nhitng hé tinh thé ti giéc,
tam giac valuc giac dwoc goi la nhitng tinh thé don truc bdi vi chi c6 mot huéng
dac biét (truc z) ma & do tinh chat quang hoc tuyén tinh thé hién doi xrng quay.
Nhirng hé tinh thé tam ta, don ta, va truc thoi dwoc goi la luéng truc.

1.5.10 Anh huong clia ddi xirng dao dén dap trng phi tuyén bac I

MOt trong nhi*ng tinh chat d6i xirng ma mot so chir khéng phai tat ca tinh thé ¢ |a
doéi xirng xuyén tam hay con goi la déi x(*rng dao. BG6i véi nhitng hé vat liéu doi
xrng xuyén tdm (nghta 1a, c6 mdt tdm nghich dao) dé cam phi tuyén @ phai bién
mat dong thoi. Bdi vi 11 trong s6 32 [6p tinh thé c6 doi x(rng dao, quy luat nay rat
c6 hiéu qua, vi né sé ngay 1ap tirc cho ta biét tinh thé thudc |6p nao tir viéc xem xét
twong tac quang phi tuyén bac 2.

Mdc du két qua y @ bién méat doi véi moi trwong d6i xirng xuyén tam la téng
quat vé mat ban chét, chiing ta sé chirng minh rang diéu ndy chi ding cho tredng
hop dac biét la sy tao sdng hai bac 2 trong moi truong dap ’ng mot cach tire thoi
vGi trwdng quang hoc dat vao. Ching ta gia st rang do phan cuc phi tuyén dugc
cho boi

P(t)=eox P E* (1), (1.5.31)
O day, trwong dat vao 1a
E(t) = & coso(t) (1.5.32)

N&u bay gi® chiing ta thay d6i ddu clia truong dit vao E(t), ddu clia dd phan cuc
cam (ng  P(t) cling phai thay d6i bdi vi chiing ta d4 gid st ring moi trudng c6 doi
xtng dao. Vi thé biéu thirc(1.5.31) phai dwoc thay thé bang

—P(ty=eoxP[-En)]’. (15.33)
nod chirng to rang
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-~

—P(t)=eox P E*1). (1.5.34)

Bang cach so sanh két qua nay véi phuong trinh (1.5.31) , chiing ta sé thiy rang
P(t) sB bing —P(t) , didu ndy chi c6 thé xust hién néu P(t) bién mat dong thori. K&t
qua nay chirng to rang

1@ =0 (1.5.35)
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Hinh 1.5.2] Dangséng ting v timg lom dap Gng nguyén ti

(a) E(t)
Truong dat vao
/AANERYR
N4 N2
) A
() P() dép (mg tuyén tinh
/\ , g
(c) P(1) * mdi truomg ddi ximg xuyén tim, phi tuyén

JANEEDN
\VARRVAL

méi trudmng khong ddi ximg xuyén tim, phi tuyén

/~ N\ /.
K&t qua nay co thé hiéu dugc mot cach truc gidc bang cach xé chuyén dong clia
mot electron trong mot giéng thé phi parabol. Béi vi sy phi tuyén clia luc phuc hoi

(d) P(t)
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tong ng, dap (ng nguyén tir & thé hién s bién dang séng hai dang ké. Phan a
cla hinh (1.5.2) biéu dién dang sdng ctia séng dién tir don sic tdi o tan S8 w. Do
vGi mdi truong dap (ng tuyén tinh (phan b), khdng cé st méo dang sdng gan véi
s phan cuc clia mdi tredng. Phan ¢ biéu dién do phan cwc cam ¢ng cho truong
hop moi tredng phi tuyén cé tam ddi x(rng va ham thé nang cua ching cé dang nhu
trong phuong trinh 1.4.2. Mac du st méo dang séng dang ké la hién nhién, chi
nhirng hai bac Ié cliatan so co ban la co mat. Béi voi truong hop clia moéi trudng
phi tuyén (phan d), khdng d6i xirng xuyén tdm cé ham thé nang nhw dang dwoc chi
ratrong hinh. 1.4.1, ca hai bac chan vabéc 1é déu c6 mat trong dang song (rng véi
dap ng nguyén tr. Cling can chiy si khac nhau dinh lwgng gitra dang sdng trong
phan (c) va (d). Béi véi mdi treong déi xirng xuyén tdm (phan c), dap (ng trung
binh theo thdi gian bang 0, trong khi ddi v&i moi truong khong déi xing xuyén
tam (phan d) dap ¢ng trung binh theo thoi gian khac khéng, béi vi mdi truong &
dap ng khac nhau d6i voi sy dinh huéng cla treong dién, ¢ thé latheo huéng 1én
trén hon la dinh hwéng xubng phia duéi.

1.5.11 Anh huéng clia ddi xing khéng gian dén dd cAm bac I

Chung ta vira thdy rang khi mdt moi truong cé déi xing dao hién dién thi bac hai
phai dong nhét bang 0. B3&i véi mdi truong quang hoc phi tuyén, khi co thém
nhi*ng tinh chét d6i xirng cling c6 nght la cd thém nhitng han ché duoc ap dat trén
dang clia tenxo d6 cam phi tuyén. Bang st xem xét rd rang nhitng déi xirng trong
moi |Gp trong s6 32 16p tinh thé, nguoi ta cd thé xac dinh nhitng dang dugc phép
clia tenxo d6 cAm clia tinh thé ctialép dé. Két qua clia nhitng tinh téan dé doi véi
dap (ng quang hoc phi tuyén bac Il, dwgc thuc hién dau tién bai Butcher (1965),
duwgc dua vao trong bang 1.5.2. Trong nhitng diéu kién nay (dwoc md ta trong
phwong trinh. 1.5.21 bén dwéi) & day do cam bac 2 cé thé dwoc mod ta ding nhirng
ki hiéu quy wéc, két qua duoc cho trong bang 1.5.2 ¢6 thé hiru dung néu dwoc biéu
dién du6i dang do thi. Nhitng két qua nay, khi dwoc hiéu chinh bai Zernike va
Midwinter (1973), dvoc dwa vao trong hinh.1.5.3. Cha y rang ang hudng ctia doi
xrng Kleinman cling duoc md ta trong hinh. Nhw 1a mot vi du vé cach dung bang,
biéu dd cho tinh thé thudc |¢p 3m mudn &m chi rang dang cliamatran di; 12

0O 0 0 0 dy, —-d,
dn = _dzz dzz 0 d31 0 0
d,, d; di; 0 O 0
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Do cam quang hoc phi tuyén bac 2 cia mét sb tinh thé duoc tom tat trong bang
1.5.3. Bang nay nén duoc dung than trong. Khong cd st mé rong dang ké gia tri
clia hé sd phi tuyén duoc dan ratrong tai liéu do budc song phu thudc vao do cam
phi tuyén va ca do viéc do khong chinh xac. Su phan tich chi tiét vé s do cac hé
sO phi tuyén da duoc néu ra béi Shoji va cac cong sy (1997). Cac tai liéu tham
khao duoc dan ratrong 1o ch & cubi bang cung cap céch phan loai chi tiét hon vé
hé sb phi tuyén.

1.5.12. SO yéu td doc lap cua )(szlg (w3, Wy w1)

Tir hé thitc (1.5.1), chiing ta nhan thdy rang can phai c6 324 s6 phtc duoc chi ra dé
mo ta twong tac tong quét cta 3 sdng quang hoc. Trong thuc té, sd lwvgng nay
thuong dwoc rat ngan hon rét nhiéu.

Ba&i vi tinh thyc cla treong vat li, mét nira cia sb nay la doc lap (xem
phuuowng trinh 1.5.5). Hon nita, d6i x(tng hodn vi ndi tai ctia x® (phuong trinh
1.5.6) chitng to rang chi c6 81 tham sd doc lap.
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Nhing lép tinh thé luémg truc

. o l.f,_.j.- r s s :_.{_-_,...-
lép ! --1" "::# -;-i lop 2 ..,-1‘";‘ . \ .
v s e e R B
. .0 e . -
- ~.
l6p m ™ l6p222 | “a
& ..u"" . w,
r"’;" " » »
5 .u-"'.
16p mm2 .
"" g s ® 5

Nhitng 1ép tinh thé don true

% 16p 3m c_.f/iw
s

.
.- s =

I

Iépﬁml

Hinh 1.5.3| Dang ciia ma trindjcla 21 16p tinh thé khéng c6 dﬁ: ximg dio.
Chidm nho: hé s6 bing 0; chim lém: hé s6 khic 0; 6 vudng : hé Sﬂ bing 0 khi

dii ximg Kleinman thda mén; Cac ki hi¢u két néi: hé =6 bang 5::- nhung hé s

ki hiéu mér nguge diu viéi ki hiéu déng ma né duge ndi. Nhimg mﬁi gach gach
chi diing trong diéu kién di ximg Kleinman. (Theo Zemike vi Midwinter, 1973)
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Céc 16p tinh thé don truc (tiép tuc)

SRR - Nhinglép®™ = °
Nhing 16p x ) ‘/
sva_ 4 o+ * . &mm = .

’.-""‘ va ...-""J".
—e e - - - 4mm +— @

Nhimglép © - : ...
2 . .\, ’ Lepg , , . x
W -
42—2 - - - . - . .—-—0 - L] 8 -

mpazm Lop 42m . . . ‘\

Céc 16p tinh thé ding hudng
Nhingl6p Lop 432 ’ ’
43m (tat ca cac
va 23 thanh phan . N
bién mét)
Hinh 1.5.3

P3&i v6i mi treng mat mét, tat ca cac thanh phan ctiax® 1athyce va didu kién déi
xrng hoan vi day di s& ding, c6 nghia lachi 27 trong s6 cac s6 nay la doc lap. DA
v0i s tao song hai bac 2, ki hiéu quy uéc cé thé duoc dung, va chi 18 thanh phan
doc lap ton tai. Khi ddi xirng Kleinman c6 gia tri, chi 10 trong s0 nhitng thanh
phan nay c6 giatri. Hon nira, bt ki doi x(*ng tinh thé clia vat liéu phi tuyén co thé
gidm bét sb nay nira.

1.5.13 Phan biét gitta |6p tinh thé doi xitng khdng xuyén tam va doi xing lap
phuong

Can biét rang mot vat liéu co thé c6 ddi xding 1ap phwong va ca ddi xing khong
xuyén tam. That vay, GaAs |a mdt dién hinh vé nhitng vat liéu c6 tinh chat nay.
Tinh thé GaAS c¢6 cdu trdc tinh thé thudc loai ZnS (duoc dat tén theo mot dang
khdang vat phd bién ctia kém sunfua), c6 nhém diém tinh thé la 42m. Co6 thé thay
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tlr bAng 1.5.2 hodc tir hinh. 1.5.3, nhitng vat liéu thudc 16p tinh thé 42m cé dap ng
quang hoc phi tuyén bac Il khdng bién mat. Qua thuc, nhu cé thé thay tir bang
1.5.3, GaAs co mot d6 cam phi tuyén bac 2 16n khac thwong. Tuy nhién, vi ciu trac
tinh thé ZnS c6 mot mang lap phuong, GaAs khong thé hién tinh lwdng chiét.
Trong chuong 2 ching ta sé thdy rang dé diéu kién dap (ng pha clia quang hoc phi
tuyén duvoc thda man thi vat liéu phai cé tinh lvdng chiét thich hop. Béi vi GaAs
khong c6 tinh lwdng chiét, nd khdng thé tham gia vao twong tac bac 2 két hop pha

BANG 1.5.3 P§ cam quang hoc phi tuyén bdc hai ciia vai tinh thé

Vit ligu Nhém diém dit (pm/V)
J-'!.glq_ﬂ!sﬂ:\ 3!.!'.! = f.‘.}l_. d:: = I8
iproustite) dis =11
AgGaSe, 2m=Dsy dys =33
J-’LgShSJ Im= F.h' {f” =
(pyrargyrite) dyy =9
beta-BaB> 0y (BBO) Im=Cy dr =22
{beta barium borate )
CdGeAss 12m = Day dz6 =235
Cds Gmm = Cgy d33=T8
dz =—40
GaAs 43m dz6 = 370
KH:P‘]_' 2m d-.:t" =043
(KDP)
KD,POy 2m dy =042
(KD*P)
Li[{}]_ h= {.-'f, -l:fl_q ==55
dy =-7
LiNm_]_ Im= L_.il.' {]r_z: = =30
dz =-=5.9
Dmnz 2= Dj {f“ =03
dj 4 =0.008

Motes: Values are obtaned from a vanety of sources, Some of the more complete tabulations are
those of R.L. Sutherland (1996), that of AV, Smith, and the data sheets of Cleveland Crystals, Inc.

To convert to the gaussian system, multiply each entry by (3 x 10™%) /47 = 2.386 x 10" to obtain
d in esu units of cm/statvolt.,

In any system of units, 2! = 2d by convention.
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(a) Céu triic kim cuong (b} cfu triic ZnS

& Gaor Zn
CAsorS

Hinh 1.5.4| Minh hoa (a) cdu tric kim cuong va (b) céu trilc ZnS. Ca hai déu c6
mang lip phwrong va do d6 khong thé thé hi¢n tinh ludng chiét, nhung chu tric
cacbon 1a d6i ximg xuyén tim, nguge lai cdu tric ZnS khong c6 dbi ximg khéng
xuyén tam.

CO 18 kha ngac nhién vi mdt vat liéu co6 sw sip x8p tuan hoan cao cla nhitng
nguyén t tiéu biéu la mang lap phuong va lai la déi xirng khdng xuyén tam. S
phan biét ndy co thé dugc hiéu bang cach xem xét hinh 1.5.3, n6 chi ra ca ciu tric
kim cuong (nhém diém m3m) va ciu trdc ZnS (nhém diém 43m). Nguoi ta thdy
rang mang tinh thé la twong tw nhau trong hai trwong hop, nhung su sip xép clia
nhitng nguyén ttr trong mang cho phép Cacbon ch* khéng phai ZnS cé tam doi
x(rng dao. i vao chi tiét, diém d6i xirng dao doi véi cau tric kim cuong duoc dat
& gitra bat clr 2 nguyén tlr cacbon 1an can gan nhat. B4i x(rng nay khdng xuat hién
trong cdu trdc ZnS béi vi nhirng nguyén ttr 1an can gan nhat khac loal.

1.5.14 Phan biét gitra 16p tinh thé c¢6 doi x(rng khdng xuyén tam va | 6p tinh thé c6
cue

Nhw dathdy & trén, trong s 32 nhém diém tinh thé, chi c6 21 la doi xing khong
Xuyén tam va do d6 cd thé cd do cam bac 2 5@ khéac khong. Mot diéu kién gidi
han nita la tinh thé nhw thé c6 mdt momen ludng cuwc cd dinh. Nhitng tinh thé
thudc loai nay duoc goi latinh thé ¢ cuc, hodc tinh thé sit dién. Tinh chat nay c6
hé qua cong nghé quan trong, bdi vi nhirng tinh thé thudc loai nay cé thé trvng bay
hiéu (rng hda dién (s thay ddi cila momen phan cuc co dinh theo nhiét do, né c6
thé dwoc dung dé tao ra cac detecto quang hoc)* hodc hiéu (rng chiét quang, dwoc
mo ta chi tiét hon trong chwong 11. Li thuy &t nhdm (chdng han, xem, Nye, 1985)
chirng to rang |Gp tinh thé co cuc la
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1 2 3 4 6
m mm2 3m 4mm 6mm

RO rang, tat cd nhitng loai tinh thé ¢cd cuc la doi x(rng khdng xuyén tam, chit khdng
phai tat ca tinh thé d6i xiring khéng xuyén tam |aco cuc. Sy phan biét ndy co thé dé
thay khi xem xét vi du tir vat Ii phan t. Xem xét phan tlr véi ddi xing té dién
chéng han nhw CCl,. Trong phan clt nay 4 lon Clo duoc dat & cac dinh clia mot te
dién déu, tam |& mot ion cacbon. RS rang, s sip xép ndy khong thé c6 momen
lvdng cuc co dinh, tuy nhién cdu trdc nay la doéi xrng khéng xuyén tam.

1.5.13 Anh huéng clia déi xing khéng gian dén dap (rng phi tuyén bac 3

Béi xirng khong gian clia mdi trwvdng quang hoc phi tuyén cling anh huéng dén
dang ctia d6 cdm quang hoc phi tuyén bac 3. Dang dwgc phép clia d6 cam da duoc
tinh téan boi Butcher (1965)va da duoc tdm tat bdi Hellwarth (1977); sau d6 mot
s hiéu chinh nhé da duoc thic hién bdi Shang va Hsu (1987). Nhiing két qua nay
duoc dwa vao trong bang 1.5.4. Chu y rang déi voi ruong hop dac biét quan trong
clia vat lidu quang hoc dang hudng, két qua dwoc dua vao trong bang 1.5.4 phl
hop véi két qua duoc rdt ratric tiép tir s thdo luan chiét suat phi tuyén trong phan
4.2,
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Béng 1.5.4 Dang ciia tenxo d cam béc ba d6i véi timg 16p tinh thé
va d6i vai vit liéu ding huéng. Mdi thanh phan duge ki hiéu bing
chi s6 Dé Cac

Déng huimg

C621 yéutd khicO, rongdéchicoé3 yéuté  doc lip. Ching la

YV¥II = II¥V =IIXX = XXII=XXVY = ¥VXX,
VIVI = VIV = XN = XN = XYY = VIVY,

_'i'.'_:_'l.' = .__'I.'_'i'.‘_ = LA AL = XIIK = AVVY = _‘|'.l.'.l'l'I.';
vi
LAY = _'i'_'l."l'\' =rrIr= .l..l.'_'l.'_'lu' + .1'_1.'.1'_\' + J.'_'lu"lu'.l.'.
Lip phwong
P6i viri 2 16p 23 v m3, ¢6 21 yéu t khéc 0, trong d6 chi ¢6 7 yéu té dijc lip. Ching li:

XEXX = ¥¥YyYVy=IIZIi,
YVIZ = ZIXX = XX¥V.
IIYy = XX1I= y¥XX,
VIVI = ZKIX = KV¥XV,
CNIN = XN = VAV,
VIZW = IXND =XV,
IFYVI = XIIX = VXXY.
D&i véi 3 16p 432, 33m. v m3m, c6 21 yéutd  khac 0, trong 46 chi c6 4 yéu td
dje lip. Ching 14
XXXX = vyvy=IIIL,
VYIZ = ZIVY = LXK = XXIZ = XX¥V = Y¥XX,
YIVI=IVIYIV=INI=SIIII=IVIY= VIyn,
NIZV = I¥VI = IXXI = XIIX =XYFX = YXKY.
Lye gide
DO v6i316p 6.6, va 6/m. c641 yéutd khic 0, trongd6chico 19 yéutd doc
lip. Ching la:

VY = VVIX,

AVYY = YXXY,
EXEX = ¥VVY = XXVY 4 IVVE 4 X0y,

AVEYV = YIVY,

¥YWII=XXII, X¥II = —¥yxll.

IIVY = 114X, ZIXY = —IIVX,

IFYI = IXXI, IKYVI = —I¥XL,

YIIN = XIIX, XIIV = —¥IIX.

YI¥I = XIxl XIVI = =¥IXl.

IYIY = IXIX. IXIY = —IVIX.
FYIV = =XA¥Y,
AEXY = =¥VVL = VYAV = VIVY 4 XVyy, FIVY = =KVAN,
XYYy = —¥YXXX.

{comtired )
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Bang 1.5.4 (tiép theo)
D&ivﬁi#lﬁpbﬁl G, 6 mmm, va om?2,ch 21 yéut& Mﬂ,tmngdﬁclﬂndlﬂ'yéu

té dde 1gp. Ching 1a

XXVY = ¥VAX,

XVFX = VAKXV,
XXEX = YYVY = XXV 4 X908 4 Xy, - o

XVXY = VAV,
¥¥ii= Xxii,
IIVY = IIXX,
I¥¥I = IXXZ,
YIIV = XIIX,

¥IVI = XIXI,

Tam gidc
Déivéi 216p3 vi L ¢673 yéutd khic 0, trong 46 chic6 27 yéutd  dc lip. Chiing li:

XXVY = ¥VXX,
L4l

XVYE = ¥XXY,
XXXX = ¥VVY = XX¥Y + X¥VX + Xvay, - T

X¥XY = VXVX,

¥YII=XXIZ. X¥II=-=¥yXIl
LYY = II0X, LAY = =IIVX,
I¥VI = IXXI, IE¥I = =IVNL,
VIIN = XIIX, XIIV = —¥IIN,
¥IVI = XIXZ, XINI = —¥IXI,
ININ = IXIX, IAIY = —INIX,

FEAY = =KXV,

XAV = =YVVE = VYUV 4 YOVY £ Xvvy, FAVY = =AVAx,
INFY = =¥EXX,
FY¥I = =¥EXI = —XVXI = —XXyI.

FYIV = — VLN = —XVIN = =LKV,

FIVY = —¥IAN = —XIVN = —XIXY,

=]
-
s
b

]

—-IVEN = =IERY ==XV,

AXXI = =X¥VIS=YIVI==VVXI.

AXIX

—X¥IV = —¥XIV = —¥VIXK,

RINN = —=¥IXV= =YIVE = —XIVV,

XXX = —ZXVY = —IFXY = —IYVX.

D&i véi 3 16p 3, 3m, vh 32, ¢637 yéutd khicO,trongdéchicéd 14 yéutd dde lip.
Chiing la:

o XAVY = VVAX,
e VYN = YXXY,
KXXN = ¥VVY = XXVY + XVVN + Xvay,
IVEV = VIVE,
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Bang 1.5.4 (tiép theo)

VYII = XXIT. XXXI=—X¥VI=—YAVI=—¥Y¥XI,

ZIVY = IIXX, XXIX = —XYIV=—Y¥XIV=—¥VIX,

IVYI = IXXZ, XIXX = —XIV¥=—YIK¥=—YyIVX,

YIZy = XZIzZx, IXXXN = =ZXVY = =IVX¥y==I¥V¥VX,
VIVI = XIXZ,

T gide
D& véi 3 16pt. 4. va 4/m.c6 41 yéu tb khic 0, trong d6 chi ¢6 21 yéu tb dée lap.
Chimg la:
XXXX =Yyy¥¥y, IIZI,
IINX=IIVY¥, XVII==VNII., XX¥¥=V¥VVIL, JXXXY==—¥VV¥Y,
XXII=ZIVY, ZIAV=—CIIVX, JXYXV=VI¥L, JXXVX=-—¥VvIV,

IXIN=IVIV., XI¥I=—VINI, XAVVX=VILYV, JX¥IX=—YIVV,

XIXZ = YI¥I, IXI¥=—IyIX, VAXX = —X¥VY,
IXXI=I¥¥I, IX¥I=—IVXL,
XIZX=YIZIV, XIIVv==VIIX.

D& véri 4 16p 422, dmm. 4/ mmm. vad 42m. ¢6 21 yéu td khdc 0, trong d6 chi ¢6 11 yéu 6
déc 1ap. Ching 1a:
AUXN = VVYy, IZIi.
YYII=XXZIL, YII¥V=XIIX XAVY = ¥VXIX,
LIYY=IIXXx, YI¥I=XIXI Ayiy=jyaya,
IVVI=IXXZI, IVIV=IXZIX VYL = Yaxy,
Don ta
D&ivéi 3 16p2. m.va 2/m. c6 41 yéu tb ddc lap khac khang, bao gbm:

3 yéu tb véi tht ca cée chi s6 bing nhau
18 yéu t6 véi cdc chi s6 bing nhau timg cap

12 yéu té véinhimg chisbe6 2y, 1x,va 1z
4 yéu t6 véri nhimg chi sé co6 3xva 1z

4 yéu th vérinhimg chi sdc63zva 1l x

HEé hinh thoi
D61 véi 3 16p. 222, mm2. VA mmm. ¢6 21 yéu t dde 1dp khac 0, bao gom :
3 yéu t véi cde chi s6 bing nhau
18 yéu té véi cac chi sb bing nhau timg cip

Tam ta

Di véi ca 2 1gp. | Vi 1, 6 81 yéu 16 dde Lip khac 0
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1.6.M6 t& mién thoi gian cla sw phi tuyén quang hoc

Trong nhirng phan trwéc, chdng ta da mé t& sy phi tuyén quang hoc theo dap rng
cla vat liéu quang voi mdt hodc nhiéu truong don sic dat vao. Bang cach dy
ching ta nhan thdy rang dé phan cwc phi tuyén duoc tao ra bao gdm mot téng roi
rac clia nhitng thanh phan tan s diéu hoa va tong hodc hiéu ctia nhirng tan so co
mat trong trwvong dat vao. Dac biét, ching ta da mé ta dap (ng phi tuyén trong
mién tan sO bang céch rat ra méi quan hé gilra nhitng thanh phan tin s6 P(e) cla
ddé phan cuc phi tuyén voi nhitng thanh phan tan sd cla trwdng quang hoc dat
vao,E(w")

Ciling co6 thé mo ta sy phi tuyén quang hoc tryc tiép trong mién thoi gian bang
cach xem xét dd phan cuc P (t)dwoc san sinh bdi trwong dat vao E(t) nao do. Hai
phuong phap mé ta nay hoan toan tvong duong, mac du si md ta trong mién thoi
gian thuan tién hon cho nhitng loai bai todn nao d6, Chang han nhitng ban toan cé
lien quan dén nhitng truong dit vao & dang xung ngan, nguoc lai sy mo ta trong
mién tan s6 thuan tién hon khi moi trwdng dat vao gan don séc.

Pau tién ching ta hdy xem xét truong hop dac biét clia vat liéu thé hién dap tng
hoan tdan phi tuyén. Chiing ta c6 thé mé ta do phan cuc dwgc cam (ng trong vat
liéu nhw thé béi

.:X:.
P‘“(r)=eo/ RV(DE(r —1)dr. (1.6.1)
0

O day R® () la ham dap (rng tuyén tinh, nd6 md ta dong gop vao dd phan cuc duoc
tao ratai thoi diémt bdi mot truong dién dwoc dat vao tai thoi diém soém hon t -

. D0 phan cuc téng cong thu dwoc bang céach 18y tich phan nhitng si dong gop nay
trén tat ca nhitng thoi diém t trwdc do. Trong cach viét phuong trinh(1.6.1) nhuv da
thdy, v6i can dwdi clia tich phan 120 chi khdng phai -« , chiing ta d4 gia s rang
R® () tuan theo diéu kién nhan qud R”(t) =0 khi t <0. Diéu kién nay chiing to
ring P (¢) chi phu thudc vao qua khir va khong phu thudc vao gia tri tuong lai
ciaE(t).

68



CHUONG I: DO CAM QUANG PHI TUY EN

Phuong trinh (1.6.1) ¢6 thé dwoc chuyén sang mién tan sO bang cach dua
vao phép bién doi Fourier clia nhitng dai lvong khéc nhau xuat hién trong phuong
trinh nay. Chiing ta chap nhan dinh nghia sau day vé phép bién doi Fourier:

Cx::
E(w) = f E)e'™ di (1.6.2a)
_CX:l
. l o0 :
E(t)=— E(w)e """ dw (1.6.2b)
27 J_~

V6i dinh nghta twong tw cho cac dai lwgng khéc. Bang cach dua phuong trinh
(1.6.2b) vao phuwong trinh (1.6.1), chang tathu duoc:

5il) % *dw (1) —iew(t—T)
F' (1) =¢g dt —RV(T)E(w)e
J0 —00 zﬂ.

Fdo [0 e —iot .
= €p dr RV (t)e™ E(w)e (1.6.3)

o =X0 2'7 J0O

Hoac

& SR
~ [eX (2] L P
P{l}{f) = 6}/ —){[]}(w; w)E(w)e ", (l1.6.4)

-
o 2T

O day, ching ta d& dua vao biéu thirc tvong minh clia dd cdm tuyén tinh
X”*(m;m):[ dt R (7)e'", (1.6.5)
0

Phuong trinh (1.6.4) biéu dién dd phan cuc theo thoi gian theo cac thanh phan tan
sO clatrwong dat vao va do cam phu thudc tan s6.

Bing cach thay v€ trd cla phuong trinh ndy bang
[ PP (w) exp(—iwt) dwf2m vach y dén sy bing nhau phai duoc giir lai d6i voi
moi tan sd @, chiing ta tim lai dwoc md ta dap ¢ng tuyén tinh trong mién tan sj
théng thuong:

Pm(w} = Eg){m{m: w)E(w). (1.6.6)

69



CHUONG I: DO CAM QUANG PHI TUY EN

Dép ng phi tuyén cé thé dwoc mo ta theo cach twong tw. DO phan cuc bac
hai khi c6 cwong do truong dat vao la

. o0 o0
P(z)(r)=eof dnf do RP T, mEGC—EG —1). (167
0 0
& day didu kién nhan qua doi hoi ring R®® (74,7,) =0 néu ca T, va 7, déu am.

Nhu trude, ching taviét E(t —7,) vaE (t — 1) theo khai trién Fourier ctia chiing
duing phwong trinh (1.6.2b) vi thé biéu thirc clia do phan cwc bac hai & |a

~ *d de
P{z}(?‘]=€0] ﬂf (Ozf dn/ cf?zR{ (71, 12)
o 2 S

X E(w)e "N E(gy)e— 20

dw d(nl
_EU[ Dy ; wp, an)E(w)) E(w)e
oo 2T

(1.6.8)
& day, chang ta da dinh nghia w, = w;+w, va dadwa vao dd cdm bac hai:

o0 oo
2 2 ‘ 12T C
x{“}(a:ra;a::l,wz)z/ drl/ do, R (1), o)e'@1mniteri) (] 6.9)

0 0

Thu tuc ndy dé dang duoc tdng quéat hda cho cac do cam bac cao hon. Dac biét,
chiing ta.co thé biéu dién do cam bac ba l&:

[0 o0
PO (1) = d“)l * dwn dws (3 .
= €0 o o o X g w1, w, ®3)
—00 < —00 —o0 <

x E(w)E(wr)E(w3)e™ '@, (1.6.10)

O day Wy = w+w, + W3 va
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3 e oo o0
X(J(u;ﬁ;wlswz,an):] dn] a’r.gf dm
0 0 0

x RN (1), 1, 13) 'l 1T1F 20O Tal,

(l.e.11)
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1.7. Hé thirc Kramer — Kronig trong quang tuyén tinh va phi tuyén

Chung ta da quen thudc véi hé thirc Kramer-Kronig trong quang hoc tuyén tinh.
NO la nhitrng diéu kién thiét 1ap moi quan hé gilra nhirng thanh phan thuc va o cla
cac dai lvong phu thudc tan s6 chang han nhw dd cadm tuyén tinh. Ching rét hiru
dung bdi vi phan thuc ctia d6 cam tai mot tan sO nao dé co thé duoc xac dinh néu
da biét sy phu thudc tan s6 clia phan &o clia d6 cdm. Boi vi viéc do phd hép thu
thudng dé hon do su phu thudc tan s6 clia chiét suat nén két qua nay rét quan trong
trong thirc té€. Trong phan nay, ching ta sé tong két lai viéc rit ra hé thirc Kramer-
Kronig do6i v&i hé tuyén tinh, va sau dé chi ra hé thirc nay co6 thé dwoc rat ra nhw
thé nao ddi voi nhirng hé phi tuyén.

1.7.1 Hé thirc Kramer-Kronig trong quang hoc tuyén tinh:

Trong phén trudc, ching tathdy rang do cam tuyén tinh c6 thé dwoc viét |

x ()= xV(w; w) = fl R (1)e'“T dr, (1.7.1)
0

O day, can dudi cla tich phan duoc chon bang 0 dé phan anh sy kién RM (1) tuan

theo didu kién nhan qua R () = 0 khi T < 0. Ciing cin chd y ring (ti¥ phuong

trinh (1.6.1) R (1) zan phai 1as8 thuc bai vi no thiét 1ap méi quan hé gitra hai dai

lugng von da thuc P(t) va E(t). Do dé, tir phuwong trinh (1.7.1) ngay lap tuc,

chung tasuy ra

x D (—w) = x V' (w)*. (1.7.2)

Chiing ta hdy xem xét mot so tich chat toan hoc con lai clia d0 cAm tuyén
tinh. D€ lam viéc nay, s& hiru dung hon néu chiing ta str dung mot gia thuyét toan
hoc thuan tdy xem w la mot dai luong phirc @ = Rew + ilmw. Mot tinh chat toan
hoc quan trong clia x(w) l1and giai tich (nghta la don tri va c6 dao ham lién tuc) &
nlra trén clia mat phang phic, Imw = 0. D& chiing minh rang ¥ (w) giai tich & nira
trén cla mit phang phtrc can phai chitng té rang tich phan trong phuong trinh
(1.7.1) hoi tu & moi noi trong viing d6. DAu tién, chiing ta cha y rang biéu thic
duéi dau tich phan trong phwong trinh  (1.71) c6 dang
R (1) expli(Rew)t] exp[—(Imw)], vabsi vi R (1) xac dinh & moi noi , su
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c6 mat clia s hang exp [—(Imw)t] la thich hop dé ddm bao sy hoi tu clia tich
phéan khi Imw > 0. B0i véi Imw = 0 (doc theo truc thic) tich phan cé thé duoc
chirng minh 1a hdi tu, ca tr d6i sd toan hoc dua trén viec R (t) phai 1a binh
phuong kha tich hodc tir phét biéu vt |i rang ddi voi w thue, y(w) 1a dai lwong vat
ly c6 thé do dwoc vavi thé phai xac dinh.

Dé thiét |ap hé thirc Kramer-Kronig, ti€p theo, chling ta xét tich phan:

o (1) 1_,' '!J'_'!
1m=f xlw)de (1.7.3)

o W —w

Chuing ta thira nhan quy wéc rang trong bidu thirc chang han nhw (1.7.3) ching ta
lay giatri chinh clla Cosi cliatich phan, nghia la

['x y U do | |:/.{Jfr" v Do ydo' + [ X‘ll('u.r’)dc:)’}

= l1im

0o @ —W 6=0L/ 00 w' —w Joys o' —w

(1.7.4)

Chang ta tinh biéu thirc (1.7.3) bang ki thuat 18y tich phan theo chu tuyén, cha y
rang tich phan dang xét duoc cho bai Int = Int(A) — Int(B) — Int(C) trong do
IntA, IntB, IntC 14 nhitng tich phan duong cia x P w’f(w’ — w) trén dwong duoc
chi trong hinh 1.7.1. Béi vi P’ giai tich & nira trén mit phang, chi diém ki di
ciabidu thirc 14y tich phan xPw'/(w' — w) & nramit phang trén 1a don cuc doc
theo truc thyc tai @’ = w. Vi thé, chlng ta thdy rang Int(A)=0 do dinh Ii C6 s boi
vi duong cong kin lay tich phan khéng chta cuc nao. Hon nita, Int(B)=0 bdi vi
dwong |8y tich phan tang theo |@’[, nhung nguoc lai khi @’ 16n biéu thire 14y tich
phan ti 1& véi x(@')/]@'| vavi thé tich s5 ¢ khuynh huéng tién téi 0 véi didu kien
1a x(w") tién t6i 0 khi @" d4 Ién. Cudi cing, theo Ii thuyét thang dv Int(C) =
—miy(w) Bang cach dwa nhitng giatri nay vao phuong trinh (1.7.3), chiing ta thu
duoc két qua:

—i % (D, 1o
X‘“(w;.:_‘] X "w)dw (1.7.5)
T

e W —w
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Bang céch tach y™(w) thanh phan thyc va phan &o riéng, ching ta s& thu duoc
dang clia cac hé thirc Kramers-Kronig:

I £ Imy"(w)do'
Reym(w):—f my @)dw (1.7.6a)
T J_no oy — )
I > RexyM(wde
Im x D () = —— K wlde (1.7.6b)

T J_ w —w
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Im(w”) ¢}

(a) mit phing phirc w’

- = Re(m’)
AN

dc toa dd 0
goc Toa & cucPatw' = @

(b) dudng ldy tich phan dang xét

E - -

o \p

(c) dudng A
T
(d) duong B
0" ~p
(¢) dudmg C * A"
0~ ~p

Hinh 1.7.1| Gian d5 duge ding dé tinh tich phén theo chu tuyén ciia phuong trinh
(1.7.3). (a)biéu dién mit phing phitrc @, (b) biéu dién dudng ldy tich phan dang xét
va (c), (d), va (¢) biéu di&n dudmg ma tich phin duge tinh trén d6 ding ki thuét

ldy tich phén theo chu tuyén. Trong khi tinh tich phén, giéi hanr) — 00 vd 2 — 0
droe chon.

Nhirng tich phan nay cho ching ta bi ét phan thuc clia X M) ¢4 thé dugc suy ra khi
da biét sy phu thudc tan so clia phan o nhu thé nao va nguoc lai. Bdi vi phd hap
thu thwdng dé do hon sw phu thudc tan s6 clia chiét suét, nén s& rét hitu dung khi
dung phuong trinh (1.7.6a) nhu 1a mot phwong tién dé tién doan sw phu thudc tan

sO clia phan thuc ciax®.
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Hé thirc Kramer-Kronig co thé dwoc viét lai dé chi bao ham viéc 14y tich phan trén
céc tan sd dwong (c6 y nghta vat ly). Tir phwong trinh (1.7.2), ching ta thdy rang

m(

Re y —(r)):ReXm{w]. ]1‘1‘1){‘“(—(1))=—Il‘]‘l}fm(a}). (1.7.7)

Do d6, chiing ta cd thé viét lai phrong trinh (1.7.6b) nhw sau:

Im ,‘{(l}((u) = ——

l /O ReyW(w)yde 1 [®ReyxyW(w)dw

T J_no o' —w T Jo ' —w
I f:"' Re yD(w)de/ 1 /3" Re x V() do'
A o'+ w 7 Jo w —w
(1.7.8)
Va do do
) 0 IAFPNa
S e Re ¢ ' (w') o
Im ){{“(w‘) = f p 5 do'. (1.7.9a)
i 0 )= — =
Tuwong tu, ching tatim dugc
o 2 (& Imy Vi) _
Rey' ' (w)=— — dey . (1.7.9h)
T Jo w'= — w*

1.7.2 Hé thirc Kramer-Kronig trong quang phi tuyén

Hé thirc twong tw vai hé thirc Kramer-Kronig thong thwong cho dap (ng tuyén tinh
c6 thé duoc suy ra doi véi mdt sO twong tac quang phi tuyén ( chir khong phai tat
cd). Dau tién, hdy xem xét do cam phi tuyén ¢ dang ¥ & (wg; w1, w5 w3) VGi
We = W1t Wy + W3 vavéi wq, Wy, va Wz tat ca déu duvong va phan biét. Mot do
cam nhu thé tudn theo hé thirc Kramer-Kronig & mot trong s8 3 tan sB dau vao,
chéng han:

WDy W], W2, 0_)3) = —

X 7

3 I [ ¥ 0, o), ws)
S g = dw’z. (1.7.10)
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¢ day ws = wy + w3 + ws. Khi tinh tich phan chi bao gdm w; va w3, chiing ta
cling duoc két qua tuong tw.Viéc chirng minh két qua nay duoc tién hanh mot cach
hoan toan twong tw véi hé thirc Kramer-Kronig tuyén tinh. Bac biét, tir phwong
trinh (1.6.11) ching tachl y rang x® (w,; w;, w, ws) 1abién déi Fourier cliaham
dap ¢ng nhan qua, va vi thé x® (wy; w1, w,, w3) duoc xem nhe ham cla 3 bién
doc lap cha n6 wq, w,va ws, la giai tich trong ving Imw, = 0, Imw, = 0, va
Imws = 0. Sau do, chiing ta cé thé thic hién 1y tich phan dwoc chi & phiavé phai
ctia phwong trinh (1.7.10) nhuv la moét tich phan doc theo dwdng cong kin & phan
trén clia mat phang phirc w,, va thu dwoc két qua nhw da chi ra. Qua thuc, khdng
c6 gi langac nhién khi hé thic gidng Kramer-Kronig sé ton tai trong truong hop
dang xét: bidu thic x® (wg; Wy, Wy, w3)E(wy)E(w,)E(ws) 14 tuyén tinh trong
truong E(w,) va hé vat Ii 1anhan qua, va vi thé 1a nguyén nhan dan dén hé thic
Kramer-Kronig tuyén tinh thong thwong thich hop cho trvdng hop dang xét.

Chut y rang trong phuong trinh (1.7.10) tit ca chir khéng phai mot trong
nhirng tan sd dau vao dugc gilr 6 dinh. Hé thirc Kramer-Kronig cling c6 thé duoc
tinh trong nhitng truong hop téng quat hon. N6 cé thé dwoc biéu dién bang ddi sO
hoi phirc tap (xem Phan 6.2 clia Hutching va cac cong sur., 1992)

x"Nwe; w1 + pro,. o+ pro. ...,y + ppo)
| o X“”(w;ﬁ w| + pro,wy + pra, ... wp + ppo’) O
= o w — w -
(1.7.11)

& day p; = 0 ddi voi tat cd i va & dau ma it nhat mot p; khac 0. Trong sd nhiéu
trwvong hop dac biét bao ham trong phwong trinh (1.7.11) c6 nhitng treong hop lién
quan dén dd cdm cuia sy tao sdng hai bac hai:

1 *® v 0w @, @) )
X {2}(2(:_); W, )= —[ 4 — dw (1.7.12)

7 Jeo w' —w

Va doi v6i sy tao song hai bac 3
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da). (1.7.13)

X {3}(30); w, w, (!_)) = —

B

I [ yPI3Bu; 0,0, o)
i J_

00 o' —w

Hé thirc Kramer-Kronig cling cé thé dwogc tinh toan déi véi s thay doi trong
chiét suat dwgc cam ng béi mot chum phu, n6 dugc md ta bdi mot do cam loai
1 (w; 0, wy,—wy) . Dic biét, nguoi ta cd thé ching to ring (Hutchings va cic
cong su)

(1.7.14)

[a's] 3 r.od g
3) I > N0, w1, —w)) dw
x wiw, w), —w) = - ,
T )

a0 W — w

C6 1€, qua trinh quan trong nhat ma doi véi né khong thé hinh thanh hé thic
Kramer-Kronig la nhirng qua trinh thay déi tv cAm (*ng trong chiét suat, nghia la
nhi*ng qua trinh duoc mé ta bang dd cam phi tuyén ¥ ) (w; w, w, —w). Ch( Y rang
dd cAm nay khong c6 dang gidng nhu trong phurong trinh (1.7.10) va (1.7.11), béi
vi 2 tn sO dau tién dat vao bang nhau va bdi vi tan O thit 3 am. Hon nira, nguoi ta
cO thé chiing to bang cach tinh toan twdng minh (xem bai tap cudi chuong nay)
rang d6i véi nhitng hé théng md hinh ndo dé, phan thuc va do cia y ®’khong lién
hé véi nhau theo kiéu thich hop dé thda méan hé thirc Kramer-Kronig.

Tom lai, ching ta thdy rang hé thirc Kramer-Kronig ludn lubn c6 gia tri
trong quang hoc tuyén tinh nhung chi c6 gia tri déi voi mot sb chir khong phai tat
ca cac quatrinh quang phi tuyén.
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