Theo yéu cu ciia khich hang, trong mét nim
qua, ching t6i 438 dijch qua 16 mdén hoc, 34
cubn sich, 43 bai bio, 5 sb tay (chwa tinh cic
tdi li¢u tir nim 2010 tr&r vé truéc) Xem & diy

DICH VU Chi sau mot lan lhién lac, viéc

DICH sl
TIENG

ANH |
CHUYRN Gia ca: co thé giam dén 10

R T —
NHANH

NHAT VA Chat luqng:Ta}o dung niém tin cho
khach hang bang c¢6ng nghé 1.Ban

XAC th'a‘i.y duoc to.ffin bo ban dich; 2.Ba.p

NHAT danh gia chat luong. 3.Ban quyeét
dinh thanh toan.

Tai liéu nay dwoc dich sang tiéng viét béi:

WP W W ey VYO

Tir ban géc:

https://books.google.com.vn/books?id=6Wq6BAAAQBAJ&printsec=frontcover&dg=Nonli
near+Optics+and+Photonics&hl=vi&sa=X&ved=0ahUKEwjZ8MLL4IPNAhVJr48KHZV5
AsSBO6AEIKDAA#v=0nepage&g=Nonlinear%200ptics%20and%20Photonics&f=false

Lién hé dich tai liéu :

thanhlam1910 2006@yahoo.com hoic frbwrthes@gmail.com hoic s6 0168 8557 403 (gap
Lam)

Tim hiéu vé dich vu: http://www.mientayvn.com/dich_tieng_anh_chuyen_nghanh.html

1 Gi¢i thi¢u

The invention of the laser has had a revolutionary impact on the development of modern optics.
Based on the interaction of laser radiation with matter, a great number of new optical effects
and phenomena have been discovered, which are essentially different from those already known in
conventional optics. The comprehensive studies on these new optical effects and their applications
are the foundation of nonlinear optics and photonics.

Viéc phat minh ra laser da co6 tic dong to Ion dén sy phat trién quang hoc
hién dai. Dua trén tuong tac cua buc xa laser véi vat chat, cac nha nghién
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ctru dd kham pha ra nhiéu hiéu tng va hién tuong quang hoc mai, vé co ban
khéc véi nhitng hién tugng trong quang hoc truyén théng. Nghién ctu toan
dién vé nhirng hiéu tng mai ndy va cac ung dung cua ching 13 co sé cua
quang phi tuyén va photonics.

1.1 Conventional optics and nonlinear optics

The principle of the laser was proposed by Schawlow and Townes in 1958,' and the first laser
device (a ruby solid laser) was demonstrated by Maiman in 1960.2 In 1961, Franken et al.
observed second-harmonic generation in a quartz crystal irradiated by the 694.3-nm output beam
from a ruby laser.> This observation and a series of other new optical effects (such as stimulated
scattering, third-order harmonic generation, self-focusing, and so on, discovered shortly there-
after) symbolized the formation of nonlinear optics. In this sense, nonlinear optics is an outgrowth
of the laser technology.

1.1 Quang hoc truyén théng va quang phi tuyén

Nguyén tac thiét ké laser da dugc Schawlow va Townes dé Xuit vao nim
1958, va thiét bi laser dau tién (laser ran ruby) da duoc ché tao thanh céng
vao nam 1960 bdi Maiman. Nam 1961, Franken va cac cdng su da quan sat
hiéu ang phét séng hai bac hai trong tinh thé thach anh v&i nguén laser ruby
budc song 694.3 nm. Thi nghiém nay va mot loat cac hiéu tng quang phi
tuyén khéc (chang han nhu tan xa kich thich, phat séng hai bac ba, tu hoi tu,
v.v....duoc khdm pha mot thoi gian ngan sau d6) duoc xem la cot mdc danh
dau sy hinh thanh quang phi tuyén. Theo nghia nay, quang phi tuyén Ia su
phét trién tu nhién caa cong nghé laser.

In conventional optics, which was established primarily in the 19th century, many basic math-
ematical equations or formulae often manifested a linear feature. The following are several typical
examples showing such a feature of conventional optics.

First, in order to interpret the refraction, reflection, dispersion, scattering, as well as bire-
fringence of light propagation in an optical medium, we should consider an important physical
quantity, the light induced electric polarization of the medium. In the regime of conventional

optics, the electric polarization vector P was simply assumed to be linearly proportional to the
electric field strength E of an applied monochromatic optical wave, i.e.,

P=£[|XE, (11—1)

Trong quang hoc truyén thdng (dugc hinh thanh vao thé ky 19), nhiéu
phuong trinh hodc c4c cong thac toan hoc co ban thuong thé hién tinh chat
tuyén tinh. Sau day 1a mot sé vi du dién hinh thé hién dic tinh d6 cua quang
hoc truyén thng.

Tha nhat, dé giai thich cac hién twong khic xa, phan Xa, tan sic, tan xa ciing
nhu hiéu Gmg ludng chiét cua qua trinh lan truyén anh sang trong mdi trudng
quang hoc, ching ta can xét mot dai lugng vat ly quan trong, d6 phan cuc
dién cam ng anh sang ctia méi truong. Trong ché do quang hoc théng



thuong, vector phén cuc dién P dugc gia dinh don gian la phu thuoc tuyén
tinh vao cuong d6 dién truong E cua song anh sang don sac, tuc la
where gy is the free-space permittivity and x is the susceptibility of a given medium. With this
linear assumption, Maxwell’s equations lead to a set of linear differential equations involving only
the terms proportional to the first power of the field E. As a result, the refractive index of the
medium is a material constant, which is independent of the light intensity, and there will be no
coupling between the light waves of different frequencies in a transparent medium; in other words,
no light emission at any new frequencies would be expected.
Second, in conventional optics the attenuation of a light beam propagating through an
absorptive medium can be described as

Trong d6 &, 1a hang s6 dién moi chan khong va y 1a d6 cam cta moi trudng.
Véi gia dinh tuyén tinh nay, nhitng phuong trinh Maxwell cho ra tap hop
cac phuong trinh vi phan tuyén tinh chi lién quan dén liiy thira bac nhat caa
E. Do d6, d6i vai mot vat lieu nhat dinh, chiét suat cua moi trudong 1a dai
luong khong d6i, khong phu thudc vao cuong do anh sang, va do d6 khong
cO sy tuong tic gilta cac sOng anh sang co6 tan sé khac nhau trong moi
truong trong sudt; ndi cach khéc, theo du doan s& khdng cd anh sang tan so
m&1 dugce hinh thanh.

Tha hai, trong quang hoc tryén thdng, sy suy giam cudng do ctia chim séng
khi truyén qua méi trudng hap thy la

=—al(z), (1.1-2)

where [ is the beam intensity, z is the propagation distance, and « is a material parameter inde-
pendent of the light intensity. The physical meaning of Eq. (1.1-2) is that the decrease of the beam
intensity over a unit propagation length is linearly proportional to the local intensity itself. From
Eq. (1.1-2) we obtain a well-known exponential attenuation expression

1(2) = 1(0)e™*. (1.1-3)

This expression implies that for a given propagation length of 2 = /, the transmitted intensity I (/)
is linearly proportional to the initial intensity 1(0), and the transmittance of T = I(/)/I(0) is not
dependent on [(0).

The third example is related to the conventional description of light scattering. In this case,
the scattering light intensity from a small volume of scattering medium is assumed to be simply
proportional to the local intensity of an incident light beam, i.e.,

Iscar (%, ¥, 2) o fp(x, 3, 2). (1.1-4)

Trong d6 I 1a cudng do cham, z 1a khoang cach lan truyén, va a la tham sb
vat liéu khdng phu thudc cuong dd anh sang. Y nghia vét Iy cta phuong
trinh (1.1-2) 14 sy suy giam cudng do chum sang trén mot don vi chiéu dai



lan truyén ty 1& tuyén tinh véi chinh cudng d6 cuc bo Tir Pt.(1.1-2), ching ta
thu duoc biéu thire suy giam dang ham mi phé bién

Biéu thirc nay c6 nghia 1a Gtng véi mot chiéu dai lan truyén nhat dinh z = 1,
cuong do truyén qua I(1) ty 1& tuyén tinh v6i cuong d6 ban dau 1(0) va hé
sé truyén qua T = I(1)/1(0) khdng phu thudc vao 1(0).

Vi du thtr ba lién quan dén md ta truyén thdng vé anh sang tan xa. Trong
truong hop ndy, cudng d6 anh sang tan xa tir mot thé tich nho cua moi
trrong tan xa duoc gia dinh don gian la phu thudc vao cuong do anh sang
toi, tac 13,

Here [ 1s the scattering light intensity, Iy is the incident light intensity, and (x, v, 2) refers to the
spatial location of the small scattering volume being considered.

All these and some other simple linear assumptions or conclusions given by conventional optics
were widely accepted, and verified by the most experimental observations and measurements,
based on the use of ordinary light sources. However, this situation has been radically changed
since the beginning of the 1960s.

O day Ieq 13 cuong do anh sang tan xa, I, 1a cuong d6 anh sang tsi, va
(x,,z) dé cap dén vj tri khong gian cua thé tich tan xa nho dang xét.

Tat ca nhitng gia djnh tuyén tinh va két luan nay cung véi nhitng gia dinh
tuyén tinh khac trong quang hoc truyén thong dugc chap nhan rong rai, va
dugc khang dinh qua cac quan sat va phép do thuc nghiém, dua trén viéc su
dung cac nguon sang thong thuong. Tuy nhién dicu nay da thay doi vé can
ban bat dau tir nhitng nam 1960.

Shortly after the discovery of optical second-harmonic generation, several other coherent
frequency-mixing effects (including optical sum-frequency, difference-frequency, and third-
harmonic generation) were sequentially observed. Researchers immediately realized that all these
new optical effects facilitated by laser radiation could be readily interpreted, if the linear term on
the right-hand side of Eq. (1.1-1) is replaced by a power series

P=co[x"VE+xPE*+ xYE +...]. (1.1-5)
Mot thoi gian ngan sau khi kham hiéu ang phat séng hai bac hai, mot sé
hiéu tng tron tan két hop khac (bao gom tao tan sb tong quang hoc, tao tan
s6 hiéu, va phat song hai bac ba) ciing 1an lugt dugc tién hanh thanh cong.
Ngay lap tac cac nha nghién ctu nhan thiy rang tat ca nhiing hiéu ang
quang phi tuyén mai nay xay ra dé dang do dudi tac dong cua biwsc xa laser
chi c6 thé giai thich duoc néu thay thé sé hang tuyén tinh ¢ vé phai cua Pt
(1.1-1) bang chudi liy thua



Here, xV, x@, and x@® are the first-order (linear), second-order (nonlinear), and third-order
(nonlinear) susceptibility, and so on. They are material coefficients and in general are tensors.
Substituting Eq. (1.1-5) into Maxwell’s equations leads to a set of nonlinear differential equa-
tions that involve high-order power terms of electric field strength; these terms are responsible
for various observed coherent optical frequency-mixing effects.* Based on Eq. (1.1-5), it can also
be derived that upon the action of laser radiation the refractive index of a medium is no longer
a constant even at a given wavelength, instead there will be an induced refractive-index change,
depending on the intensity (in a third-order nonlinear medium) or the amplitude (in a second-
order nonlinear medium) of the incident laser beam(s). This nonlinear assumption can be used
to well explain the observed self-focusing effect of a laser beam and some other related nonlinear
optical effects.

Trong 6 x @, ¥ va y® lan luot 1a cac d6 cam bac nhat (tuyén tinh), bac
hai (phi tuyén), va bac ba (phi tuyén), v.v...Chung 13 cac hé s vat lieu va
noi chung la cac dai lugng tensor. Thé Pt (1.1-5) vio cac phuong trinh
Maxwell cho ta mét tap hop cac phuong trinh vi phan lién quan dén cac sé
hang bac cao cua cudng do dién truong; nhing sé hang nay gan lién vai
nhitng qué trinh tron tan s6 quang hoc két hop khac nhau. Dya trén Pt (1.1-
5), chling ta c6 thé suy ra riang thong qua tac dong cua bic xa laser, chiét
Suat ctia méi trudng khdng con 1a hang sé ngay ca & mot budc song khdng
d6i, thay vao d6 s& cd su thay d6i chiét suat cam tng phu thudc vao cuong
d6 (trong méi trudng bac ba) hoic bién d6 (trong méi trudng phi tuyén bac
hai) cua chim laser toi. Gia dinh phi tuyén nay c6 thé dugc dung dé giai
thich hiéu ang tu hoi tu ctia chim laser va mot s6 hiéu ang quang phi tuyén
khac.

In the same period, researchers also found that the attenuation of an intense laser beam propa-
gating in an absorptive optical medium did not follow the linear description given by Eq. (1.1-2) or
Eq. (1.1-3). For instance, in a one-photon absorptive medium, if the intensity of the incident beam
is high enough, the attenuation coefficient & no longer remains constant and may vary depending
on the incident light intensity owing to the absorption saturation effect.

Trong cung khoang thoi gian, cac nha nghién ctu nhan thay rang su suy
giam cuong d6 caa mot cham lan truyén trong moéi truong hap thu khdng
tuan theo mo ta tuyén tinh cua Pt.(1.1-2) hoic Pt.(1.1-3). Ching han, trong
mdi truong hap thu mot photon, néu cuong do ciia chum tgi da cao, hé sb
suy hao a khong con 1a hang sb va c6 thé thay d6i theo cuong d6 anh sang
ti do hiéu wng bao hoa hap thu.
Moreover, if there is a two-photon absorption process involved, the attenuation of an intense

laser beam must be described as

dI(z)

e —al(2) - B2 (2), (1.1-6)

Hon nita, néu c6 su tham gia cua qué trinh hap thu hai photon, su suy giam
cuong do6 chum cé dang



where g is the two-photon absorption coefficient. In a more general case, if we further extend
our consideration to include multi-photon (three-photon or more) absorption processes, then Eq.
(1.1-6) should be generalized to the following form:

£=—a1—ﬁ!3—y."—---. (1.1-7)
Trong d6 B 1a hé s hap thu hai photon. Trong trudng hop tong quét, néu
chling ta m& rong thém bai toan dé xét dén cac qua trinh hap thu nhiéu
photon (ba photon hoic nhiéu hon), thé thi phuong trinh (1.1-6) phai duoc
viét dudi dang tong quat hoa nhu sau:

Here, y is the three-photon absorption coefficient, and so on.

Lastly, the Raman and Brillouin scattering behavior of an intense laser beam propagating in a
transparent medium does not obey the simple linear relation expressed by Eq. (1.1-4) with increas-
ing the input intensity. Once the input laser intensity exceeds a certain threshold level, the ordinary
(spontaneous) scattering suddenly becomes stimulated scattering with a high directionality and
brightness.

Trong d6 ¥ 1a hé s6 hap thu ba photon, va v.v...

Cuoi cung, dac tinh tan xa Raman va Brillouin ctia chum anh sang cuong do
cao truyén trong moi trueong trong suot khéng tuan theo hé thuc tuyén tinh
don gian (1.1-4) khi tang cuong d6 dau vao. Mot khi cuong dé dau vao 16n
hon mot mirc ngudng nhat dinh, tan xa (tu phat) thuong thinh linh chuyeén
thanh tan xa cam trng véi @6 dinh hudng va cuong do cao.

Based on these comparisons described above, we can conclude that the main concern in
conventional optics is the propagation and interaction with matter of the light from ordinary inco-
herent light sources, wherein the intensities of light beams are relatively low so that even a simple
linear approximation provides a satisfactory theoretical explanation for the related optical effects
and phenomena. In this sense, conventional optics may also be called linear optics. In contrast,
nonlinear optics mainly deals with the interaction of intense coherent light with matter. In the latter
case, the monochromatic and directional brightness of a laser beam can be so high that a great
number of new effects and phenomena could be generated, which are best explained using some
nonlinear approximations. In general, the contents of nonlinear optics are much more compre-

hensive than those of linear optics and require more complicated and sophisticated theoretical
treatments.

Duya trén so sanh trinh bay & trén, ching ta c6 thé két luan rang méi quan
tam chinh d4i voi quang hoc truyén thong 1a quéa trinh lan truyén va tuong
tac ctia anh sang tir nhitng nguodn sang thong thuong khong két hop voi vat
chat, trong d6 cudng do cla cac chum anh sang twong dbi thip vi thé st
dung phép gan dung tuyén tinh don giai ching ta c6 thé giai thich duoc hoan
toan vé phuong dién ly thuyét cac hiéu ang va hién tuong quag hoc tuong
tng. Vé mat nay, quang hoc truyén théng cé thé goi 1a quang tuyén tinh.
Trai lai, quang phi tuyén cha yéu xét tuong tac ctia anh sang két hop cuong
d6 cao véi vat chat. Trong trudng hop sau, tinh don sic va do dinh hudng



ctia chum laser cao dén mirc co thé tao ra nhiéu hiéu tng va hién tugng mai,
va nhirng hiéu tng, hién tugng nay co thé giai thich thoa dang dua trén
nhitng gan dung phi tuyén nao d6. Noi chung, ndi dung cta quang phi tuyeén
bao quat hon nhiéu so va&i quang tuyen tinh va can nhitng phuong phap 1y
thuyét phac tap va tinh vi hon.

The nonlinear expression of electric polarization P given by Eq. (1.1-5) can be used to
well describe various nonlinear frequency-mixing effects as well as other effects related to the
induced refractive-index change. Hence the study of these types of optical effects was originally
termed “nonlinear optics.” However, it should be pointed out that not all nonlinear optical effects
could be well interpreted by Eq. (1.1-5). For instance, optical transient coherent effects are well
described by the Bloch equations instead of Eq. (1.1-5). The stimulated Raman scattering, multi-
photon absorption, and nonlinear photoelectric effects can be perfectly elucidated by the theory

of quantum electrodynamics (quantum theory of radiation), rather than the nonlinear polarization
theory.

Hé thuc phi tuyén ctia d6 phan cuc dién P trong Pt.(1.1-5) ciing c6 thé duogc
diung dé mo ta cac hiéu ang tron tan sé phi tuyén khic nhau ciing nhu céc
hiéu ang co lién quan dén su thay do6i chiét suat cam tng. Do d6, nghién cru
vé nhitng hiéu tng quang hoc nay ban dau duoc goi 13 “quang phi tuyén”.
Tuy nhién, can lvu ¥ rang khdng phai tat ca nhitng hiéu ang quang phi tuyén
c6 thé giai thich duoc qua Pt.(1.1-5). Chiang han nhu ngudi ta thuong ding
cac phuong trinh Bloch dé md ta cac hiéu tng két hop chuyén tiép quang
hoc thay cho Pt (1.1-5). Tan xa Raman cam tng, hip thu nhiéu photon, va
cac hiéu uwssng quang dién phi tuyén co thé giai thich hoan toan bing ly
thuyét dién dong hoc luong ti (ly thuyét luong tir cta bac xa, thay vi Ii
thuyét phan cuc phi tuyén.

1.2 Major topics of nonlinear optics and photonics

From the contemporary point of view, all optical effects and phenomena that are related to the
interaction of intense coherent light with matter are the subjects of nonlinear optics or nonlinear
photonics. The following are the major topics of the modern nonlinear optics and photonics.
Fundamental studies:

® Nonlinear electric susceptibility theory
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® Three-wave frequency mixing in x ® media

1.2 Céac chi dé chinh trong quang phi tuyén va photonics

Theo quan diém hién dai, tit ca cac hiéu @ng va hién twong quang hoc co
lién quan dén tuong tac ctia anh sang két hop cudng do cao véi vat chat 1a
noi dung cua quang phi tuyén hoic photonics. Sau day 1a nhitng cha dé
chinh cua quang phi tuyén va photonic hién dai. Cac nghién ctru co ban:

Ly thuyét 6 cam dién phi tuyén



Sy tron ba tan s6 song trong moi trudng. ...

® Four-wave frequency mixing in x ® media

® Induced refractive-index changes

® Self-focusing, self-phase modulation, and spectral self-broadening
® Stimulated scattering

® Nonlinear spectroscopic effects

® (Coherent transient effects

Sy tron bén song trong mdi trudng

Sy thay doi chiét suat cam ung

Su tu hoi ty, ty diéu bién pha, va tu ma rong pho
Tan xa cam tng

Cac hiéu tng quang phé phi tuyén

Cac hiéu tng chuyén tiép két hop

CAac qué trinh nhiéu photon



