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1.1 HISTORICAL BACKGROUND

The second harmonic generation experiment of Franken et al.' marked the
birth of the field of nonlinear optics. They propagated a ruby laser beam at
6942 A through a quartz crystal and observed ultraviolet radiation from the
crystal at 3471 A. Franken’s idea was simple. Harmonic generation of electro-
magnetic waves at low frequencies had been known for a long time. Harmonic
generation of optical waves follows the same principle and should also be
observable. Yet an ordinary light source is much too weak for such am .
experiment. It generally takes a field of about 1 kV /cm to induce a nonlinear
response in a medium. This corresponds to a beam intensity of about 2.5
kKW /cm’. A laser beam is therefore needed in the observation of optical
harmonic generation.

1.1 Poi nét vé lich sir

Thi nghiém phét song hai bac hai ctia Franken va cac cong su da danh dau su ra
doi cua linh vuc quang phi tuyén. Ho cho mot chum laser ruby budc séng 6942 A°
truyén qua tinh thé thach anh va thay anh sang cuc tim phat ra tir tinh thé ¢ budc
song 3471 A°. Y tuong cua Franken tuong d6i don gian. Sy tao hai cta cac song
cuia c4c song dién tir tn sb thap da duogc biét dén trong thoi gian dai. Sy tao hai
cuia c4c song quang hoc ciing tuan theo nguyén tic tuong tu va ciing co thé Xuat
hién. Tuy nhién, cac ngudn sang théng thudng co cuong d6 qua yéu nén chua thé
tién hanh thi nghiém thanh céng. Néi chung, can mot truong khoang 1 kV/em dé
gy ra dap ung phi tuyén trong mdi truong. Gia tri nay twong ung véi cudng do
chum khoang 2.5 kW/cm?® Do dé, dé quan sat duoc séng hai quang hoc can c6
chum laser cwong do manh.

Second harmonic generation is the first nonlinear optical effect ever ob-
served in which a coherent input generates a coherent output. But nonlinear
optics covers a much broader scope. It deals in general with nonlinear

Phat song hai bac hai 1a mét hiéu tng quang phi tuyén dau tién trong d6 mot anh
sang dau vao két hop tao ra anh sang dau ra két hop. Nhung quang phi tuyén bao
ham mot pham vi rong 16n hon nhiéu. N6i chung, quang phi tuyén nghién ciu



interaction of light with matter and includes such problems as light-induced
changes of the optical properties of a medium. Second harmonic generation is
then not the first nonlinear optical effest ever observed. Optical pumping is
certainly a nonlinear optical phenomenon well known before the advent of
lasers. The resonant excitation of optical pumping induces a redistribution of
populations and changes the properties of the medium. Because of resonant
enhancement, even a weak light is sufficient to perturb the material system
strongly to make the effect easily detectable, Low-power CW atomic lamps
were used in the earlier optical pumping experiments on atomic systems.
Optical pumping is also one of the effective schemes for creating an inverted
population in a laser system.

Tuong tac ctia anh Sang v4i moi trudng vat chat va mot sé van dé khac chang han
nhu sy thay doi tinh chat quang hoc ctia moi truong dudi tic dong cta anh sang.
Do d6, hiéu ung phéat séng hai bac hai khong phai la hiéu ang quang phi tuyén dau
tién. Bom quang hoc chic chan 1a mot hién twong quang phi tuyén duoc quan sét
trude khi laser ra doi. Kich thich cong huéng ctia bom quang hoc gay ra su tai
phan b mat d6 va su thay doi tinh chat cia méi truong. Do ting cudng cong
huong, ngay ca anh sang cuong do yéu ciing c6 thé lam nhiéu loan manh hé vat
lieu gilip chdng ta co thé dé dang quan sét hiéu tmg. Cac dén nguyén tir hoat dong
& ché do lién tuc cong suat thip ciing d3 tirg dugc dung trong cac thi nghiém bom
quang hoc trude day trén cac hé nguyén tir. Bom quang hoc cling la mét trong
nhitng phuong phap hiéu qua dé tao dao 16n mat do trong hé laser.

In general, however, observation of nonlinear optical effects requires the
application of lasers. Numerous nonlinear optical phenomena have been
discovered since 1961. They have not only greatly enhanced our knowledge -
about interaction of light with matter, but also created a revolutionary change
in optics technology. Each nonlinear optical process may consist of two parts.
The intense light first induces a nonlinear response in a medium, and then the
medium in reacting modifies the optical fields in a nonlinear way. The former
is governed by the constitutive equations, and the latter by the Maxwell’s
equations,

Tuy nhién, dé quan sat cac hiéu ¢ng phi tuyén can cé laser. V6 sé hién tuong
quang phi tuyén da dugc kham pha ké tir ndm 1961. Nhitng hién tuong nay khéng
chi gitp chung ta hiéu thém vé tuong tac cua anh sang voi moi truong vat chat, ma
con tao ra nhitng thay doi cach mang trong cong nghé quang hoc. Mdi quéa trinh



quang phi tuyén bao gom hai phan. Trudc hét anh sang cuong do manh gay ra dap
g phi tuyén trong moi trudng, va dé dap ung lai, moéi trudng lam thay doi cac
truong quang hoc theo kiéu phi tuyén. Qué trinh dau tién tuan theo cac phuong
trinh lién tuc, va qua trinh sau tuan theo cac phuong trinh Maxwell.

At this point, one may raise a question: Are all media basically nonlinear?
The answer is yes. Even in the case of a vacuum, photons can interact through
vacuum polarization. The nonlinearity is, however, so small that with currently
available light sources, photon-photon scatiering and other nonlinear effects in
vacuum are still difficult to observe.? So, in a practical sense, a vacuum can be
regarded as linear. In the presence of a medium, the nonlinearity is greatly
enhanced through interaction of light with matter. Photons can now interact
much more effectively through polarization of the medinm.

Lac nay mot van dé dat ra 1a: C6 phai tat ca cac moi trudng déu cé tinh chat phi
tuyén khéng? Cau tra loi 1a c6 thé. Ngay ca trong moi trudng chana khdng, cac
photon ciing c6 thé twong tac thong qua d6 phan cuc chan khéng. Tuy nhién, hiéu
tng phi tuyén qua nho dén ndi véi nhitng nguén anh sang cudng do cao hién co
cling khé c6 thé quan sat duoc tan xa photon-photon va cac hiéu ang phi tuyén
khac. Vi vay, trong thuc té, hién nay c6 thé xem chan khong 1a méi truong tuyén
tinh. Khi c6 méi truong, hiéu ang phi tuyén duoc ting cudng do twong tic ctia 4nh
sang voi moi truong vat chat. Lic ndy photon c6 thé tuong tac hiéu qua hon nhiéu
thong qua d6 phan cuc ctia moi truong.



