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1.2 Ban chat cua su phi tuyén quang hoc

The most significant single invention that has played a major role in the
development of Photonics is perhaps that of the laser, a source of coherent
radiation with high intensity and directionality. Apart from revolutionizing the
technology of optics, this has also contributed immensely to the enhancement of
our understanding of basic optical processes in matter. The strong stimulus
provided by light at high intensity can induce a nonlinear response in materials,
leading to the occurrence of several interesting new phenomena.

Phat minh quan trong nhat dong vai trd chinh trong su phét trién cua quang
tir hoc ¢6 I8 1 laser, mot ngudn anh sang két hop c6 cuong d6 va do dinh
hudong cao. Ngoai viéc cdch mang hda céng nghé quang hoc, laser cling
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dong gop dang ké vao viéc ting cuong hiéu biét cua ching ta vé cac qué
trinh quang hoc co ban trong vat chat. Tac dong cua anh sang cudng do cao
c6 thé gay ra dap tng phi tuyén trong vat liéu, din dén sy xuat hién nhing
hién tugng maéi thu vi.

The alternating electric field of the incident light beam induces a time-varying
electrical polarization in the medium. Hence the polarization is expected to vary
sinusoidally at the same frequency as that of the light wave. However, the
response becomes complicated when the incident light has a large enough
intensity and hence the amplitude of the corresponding electric vector is large
enough. This causes the resulting polarization wave to deviate from a simple
sinusoidal behavior, leading to the excitation of higher harmonics as well. Such an
interaction results in several new wave mixing processes which may have the
potential for use in device applications in optical data processing and computing,
apart from developing new tools of probing deeper into the basic aspects of light
matter-interaction by way of new kinds of spectroscopy.

Pién tudng xoay chiéu cia chim anh sang toi giy ra d6 phan cuc dién bién
thién theo thoi gian trong méi truong. Do dd, theo du doan do phan cuc
cling bién thién dang ham sin va c6 cung tan sé v&i song anh sang. Tuy
nhién, dap tng s€ tré nén phuc tap khi &nh sang téi ¢6 cuong do da manh va
bién d6 cua vector dién tuong tng du 16n. Piéu nay 1am cho séng phan cuc
tong hop hoi khic so v4i dang song sin co ban, dan téi su kich thich cac
thanh phan hai bac cao. Nhitng tuong tac nhu thé din dén mot sé qua trinh
tron séng maéi co tiém ning tng dung trong cac thiét bi xt ly dir liéu quang
hoc hoic may tinh quang hoc cling nhu phat trién nhitng cong cu méi dé
nghién cau sau hon cac khia canh co ban cua tuong tac vt chat-anh sang
théng qua nhirng loai quang phé mai.

The incident electromagnetic radiation with electric vector E[ ) polarizes

the medium and causes it to develop a time dependent electrical polarization
_.n'“ .. The proportionality of this induced polarization (¢ } in the medium to the

electric field E[” of the incident light beam breaks down and the resulting

polarization can be considered to be made up of several contributions,
represented by terms consisting of products of higher order susceptibility x(n) and

the magnitude of the electric field f“) . Thus the i" component of the vector

_;i (1) (where i stands for x, y or z) is given by

P; = t‘u{x:}'k}- t 1:_;.}.:-‘&‘J Ej. 4 \i;_lfl_,}:'}};“_k‘_, t }



Vector dién cua truong dién tur téi E(t) phan cuc moi truong va hinh thanh
d6 phan cuc dién phu thudc thoi gian P(t). Hé thuc ty 1é tuyén tinh gitta do
ph&n cuc cam ung gitta P(t) va E(t) khong con ding nira va d6 phan cuc
tdng hop c6 thé xem 1a duoc tao thanh tir mot s6 dong gop, duoc biéu dién
boi cac s6 hang bao gom tich cua do cam bac cao y™ va d6 16n cua trudng
dién E(t). Do d6 thanh phan tha i cua vector P(t) 1a (trong d6 I chi X, y
hoac z)

Where (") is the susceptibility of n"' order, which is a tensor of rank (n+1) with
3(m*1) components in general. ¢ is the permittivity of free space.

Trong d6 y™ 1a d6 cam bac thir n, d6 13 mot tensor hang (n+1) c6 31
thanh phan, €, la hang s6 dién mdi chan khong.

This mathematical formalism helps us to classify nonlinear optical processes in

materials and to describe several important aspects of it in a convenient way. The

components of the susceptibility tensor describe the directional dependence of
optical properties of crystals and other anisotropic media. The second and

subsequent terms inside the bracket in the expression for susceptibility are
progressively much smaller than the first term. This means that higher order
nonlinear optical effects would vanish in the low optical intensity regime as only
the first term in the expansion would be of considerable magnitude in this case. A

material can be expected to exhibit n" order optical nonlinearftty when either of
the quantities x!") or f:.: is large enough. The magnitude of L depends on the

intensity of the laser used and x{") is a property of the material. Thus the
magnitude of nonlinearity depends both on the nature of the material as well as
on the intensity of the light used.

Biéu thuc toan hoc nay gidp ching ta phan loai cac qua trinh quang phi
tuyén trong vat liéu va mot ta mét s khia canh quan trong cua né thuan tién
hon. Céc thanh phan cua tensor d6 cam md ta su phu thudc vao hudng cua
cac tinh chat quang hoc cua tinh thé va méi truong bat dang hudng
khéc.Nhiing sb hang thir hai va tiép theo bén trong ngoic trong biéu thic do
cam cang vé sau cang nho hon sd hang thir nhat. Diéu nay c6 nghia 1a cac
hiéu &ng quang phi tuyén bac cao hon sé triét tiéu & ché d6 quang hoc cudng
d6 thap vi chi c6 s hang thir nhat mai co d6 16n dang ké trong trudng hop
nay. Vat liéu s& thé hién hiéu @ng phi tuyén bac n khi mot trong hai dai
lwong ™ hoidc E du 16n. Do 16n cua E phu thudc vao cudng do cua laser
va ¥ 13 tinh chat cua vat liéu. Do d6, mic d6 phi tuyén phu thudc vao ca
ban chat cua vat liéu cling nhu cudng do cua anh sang.



Wave mixing processes result in second, third and even higher harmonic
generation where light at frequencies of 2w, 3w etc. are generated from an input
beam of frequency w. Input light beams of frequencies w4 and w» can get mixed

in the medium to generate sum and difference frequencies (w4 +ws) and (wq —
wo) respectively. Combinations of such frequency-mixing processes are used

widely in the recent technology to develop tunable solid state laser sources. White
light laser pulses can be generated by femtosecond pulses using nonlinear
interaction with matter. Several processes other than frequency conversion also
occur in nonlinear optical media. The refractive index becomes dependent on light
intensity at high intensities and this causes self -focusing effects in nonlinear
media. This can be made use of in pulse modification applications including long-

Qua trinh tron song dan dén su tao song hai bac hai, bac ba va tham chi bac
cao hon thg v&i anh sang & cac tan sé 2w, 3w, v.v...duoc hinh thanh tur
chum dau vao c6 tan sé w. Cac chim sé tan sb w; va w, €O thé tron Voi
nhau trong méi truong dé tao thanh céc tan s tong va tan sb hiéu (w; + w,)
va (w; — wy). Su két hop nhiing qua trinh tron tin nhu thé thuong duoc
ding rong rai trong nhitng cong nghé gan day dé tao ra cac ngudn laser trang
thai ran c6 budc song diéu chinh duoc. Chiing ta ciing c6 thé tao ra nhiing
xung anh sang tring tir cac xung femto gidy ding hiéu tng tuong tic phi
tuyén voi vat chat. Ngoai cac qua trinh chuyén doi tan s6, mot sé qua trinh
khac ciing c6 thé xuat hién trong méi truong quang hoc. Chiét suat s& phu
thudc vao cuong do anh sang khi cudng do anh sang Ién va diéu nay gay ra
hiéu tng tu hoi tu trong méi trudng phi tuyén. Hiéu ang nay co thé duoc sir
dung trong céc tng dung diéu bién xung trong quéa trinh truyén tin hiéu qua
khoang cach xa trong soi quang.
distance signal propagation in fibers. Optical phase conjugation is a third order
nonlinear process by which a time-reversed replica of an incident light beam can
be generated. This finds use in distortion-healing applications in adaptive optics.
Nonlinear absorption processes become important at high intensities. Phenomena
such as saturable absorption (SA), reverse saturable absorption (RSA) and multi-
photon absorption (MPA) are observed in media when interrogated with laser
beams of appropriate intensities and pulse durations. Some of these processes
can be used in optical limiting in which the media act as smart materials and

control their transmission characteristics depending upon the magnitude of the
intensity of the incident light.

Lién hop pha quang hoc la mot qué trinh quang phi tuyén bac ba trong d6 co
su hinh thanh phién ban nghich dao thoi gian cua chum anh séng téi. Hiéu
tmg nay duogc tng dung trong viéc khic phuc méo trong quang hoc thich
nghi. Cac qua trinh hap thu phi tuyén dang ngay cang dong vai tro quan
trong ¢ cudng d6 cao. Nhitng hién twong chang han nhu hip thu bdo hoa
(SA), hap thu bao hoa nguoc (RSA) va hip thu nhiéu photon (MPA) xuat



hién trong moi treong dudi t&c dung cia cac chum laser cuong do va do
rong xung thich hop. Mot sé qué trinh khac cé thé dung trong gidi han
quang trong d6 méi truong dong vai trd nhu mot vat liéu thong minh va diéu
khién dic tuyén truyén qua cta chung theo cudng d6 anh sang téi.



