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STUDIJU DALYKO (MODULIO) APRASAS

Dalyko (modulio) pavadinimas

Kodas

Ultratrumpujy impulsu optika

Déstytojas (-ai)

Padalinys (-iai)

Koordinuojantis: prof. Gintaras Valiulis
Kitas (-i):

Fizikos fakultetas, Lazeriniy tyrimy centras

Studijy pakopa

Dalyko (modulio) tipas

Antroji (magistro)

Privalomas

Igyvendinimo forma

Vykdymo laikotarpis

Vykdymo kalba (-os)

Auditoriné

Rudens semestras

Lictuviy

Reikalavimai studijuojanciajam

ISankstiniai reikalavimai:

Optikos, Lazeriy fizikos (ar kvantinés elektronikos),

netiesinés optikos kursai

Gretutiniai reikalavimai (jei yra):

Dalyko (modulio) apimtis

kreditais Kkravis

Visas studento darbo

Kontaktinio darbo
valandos

SavarankiSko darbo
valandos

5 140

64

76

Dalyko (modulio) tikslas: studiju programos ugdomos kompetencijos

Bendrosios: kritinio mastymo ugdymas, gebéjimas dirbti grupéje su jvairig parengtj turiniais kolegomis.

Dalykinés: identifikuoti, suprasti, paaiskinti ir praktiskai taikyti pagrindinius ultratrumpy impulsy optikos reiskinius;
mokeéti praktiSkai atlikti skai¢iavimus, leidzian¢ius modeliuoti ultratrumpyjy Sviesos impulsy sklidima optinémis terpémis;
susipazinti su prametriniy Sviesos daznio keitikliy veikos principais ir mokéti juos taikyti praktikoje; suprasti Siuolaikinés
netiesinés optikos problematika ir vystymosi tendencijas.

Dalyko (modulio) studiju siekiniai

Studiju metodai

Vertinimo metodai

Ultratrumpyjy impulsy tiesings ir netiesinés
optikos problematika ir susijusiy optiniy reiskiniy

Paskaitos, seminarai

Egzaminas rastu (90%),
ir jvertinimas uz seminaro

samprata pranesima (10%).
.. rankisk ij
Kontaktinio darbo valandos Sanl ANKISKY studijy
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1. Ivadas: erdviSkai bei laikiSkai moduliuoty | 2 1 3 | 2 | Paskaity medziagos ir
Sviesos bangy samprata. as netiesinius optinius vadovéliy skaitymas.
reiSkinius. Bangy amplitudés ir fazés laikiné bei
erdviné moduliacija. Lokalizuota Sviesa-bangy
paketai. Trumpy Sviesos impulsy gavimo metodai.
2. Sviesos impulsai tiesinése dispersinése terpése. | 2 1 3 | 2 | Paskaity medziagos ir
Sviesos impulsy modeliai. Ribotojo spektro vadovéliy skaitymas.
impulsai. Moduliuotos fazés impulsai. Gauso




impulsai. Sviesos impulso sklidimo lygtis
dispersingje terpéje. Jvairlis dispersijos teorijos
artiniai.

3. Antrasis dispersijos teorijos artinys. Normali ir
anomali grupiniy greiéiy dispersija. Sviesos impulsy
dispersinis plitimas. Moduliuotos fazés impulso
spiida dispersingje terpéje. TreCiasis dispersijos
teorijos artinys. Laikinés Sviesos impulsy spiidos
aberacijos. Kintamyjy atskyrimo (Furje) metodo
taikymas diferencialinéms lygtims su dalinémis
iSvestinémis.

Paskaity medziagos ir
vadoveéliy skaitymas.

4. Sviesos pluosty difrakcija. Sviesos pluostas —
lokalizuota erdvéje Sviesa. Erdviné ir laikiné bangos
pakety analogija tiesingje optikoje. Sviesos pluoty
modeliai. Gauso pluostai. Pluosty skéstis. Difrakciné
skéstis. Kirchofo metodas. Erdvinis Sviesos signalo
spektras. Fraunhoferio ir Frenelio difrakcija.

Paskaity medziagos ir
vadoveliy skaitymas.

5. Paraboliné difrakcijos lygtis. Ploksciojo fronto
Gauso pluosto difrakcija. Sferinio fronto Gauso
pluosto difrakcija. Pluosty fokusavimosi aberacijos.
Beselio pluostai.

Paskaity medZziagos ir
vadoveliy skaitymas.

6. Erdvélaikyje lokalizuota Sviesa.

Pakreipto fronto impulsai. Banginio paketo erdviniy
ir laikiniy savybiy susiejimas. Kampiné dispersija.
Pakrypusio fronto impulsy gavimas. X impulsai

Paskaity medziagos ir
vadoveliy skaitymas.

tiesinéje terpéje — X kulkos.

7. Sviesos impulsy ir pluosty saviveika.

Netiesinis lGzio rodiklis. Netiesiné poliarizacija.
Saviveika. Sviesos impulsy fazinis moduliavimasis,
jo salygotas impulsy spektras. Faziné impulsy
savimoduliacija  normalios  grupiniy  greiciy
dispersijos salygomis. Sviesos impulsy spaustuvai.
Faziné impulsy savimoduliacija anomalios grupiniy
grei¢iy dispersijos salygomis. Srédingerio solitonai.
Sviesos pluosty fokusavimasis.

Paskaity medziagos ir
vadovéliy skaitymas.

8. Sviesos impulsy parametriné trifotoné saveika.
Pagrindinés lygtys, jy iSvedimo procedira.
Tribanges sgveikos rySys su parametrinio rezonanso
reiSkiniu. Pirmasis ir antrasis dispersijos teorijos
artiniai, grupiniy greiciy dispersijos ir difrakcijos
jskaitymas. Grupinis nederinimas ir apertarinis
diafragminis reiskinys. Erdvin¢ ir laikiné netiesinés
optikos analogija. Tiesiné (duotojo kaupinimo lauko
rézimas) ir netiesiné veika. Grupinis bangy
sinchronizmas.

Paskaity medziagos,
vadoveliy ir mokslinés
literatiiros skaitymas

9. Tribangé tiesiné veika. Parametrinis stiprinimas
monochromatinio kaupinimo lauke. Parametrinio
stiprinimo  dazniy juosta. Parametriné difuzija.
Skirtuminio ir suminio daznio bangy generacija
zemadaznio monochromatinio kaupinimo atveju.
Bifotoniné dispersija. Impulsinis kaupinimas:
signalo siaur¢jimas grupinio derinimo salygomis.
Pagrindiniai ~ parametrinio  stiprinimo  réZimai
impulsinio kaupinimo atveju: stiprinimas, kai vienos
i§ bangy grupinis greitis sutampa su kaupinimo
grupiniu greiciu; soties rezimas; modinio stiprinimo
rezimas. FaziSkai jungtiniy bangy parametrinis
stiprinimas, fazinés moduliacijos apgraza, fazinés
moduliacijos dauginimas.

12

Paskaity medziagos ir
vadoveliy skaitymas.




10. Netiesinio saveikos reZimo ypatumai. | 9 3 12 | 6 | Paskaity = medziagos,
Grupiniy grei¢iy sinchronizmo atvejis. Gigantisko vadoveliy ir mokslinés
subharmonikos impulso generacija. Netiesiné literattiros skaitymas
suminio daznio impulsy spiida. Netiesiné suminio
daznio  pakrypusio fronto impulsy spida.
Achromatinis fazinis sinchronizmas. Parametriniai
solitonai. Netiesiniai X impulsai.
11. Pasiruosimas egzaminui ir jo laikymas 3 | Paskaity = medziagos,
6 | vadoveliy ir mokslinés
literatliros skaitymas
IS viso | 48 16 64 | 7
6
Vertinimo strategija Svoris | Atsiskaitymo | Vertinimo Kriterijai
proc. | laikas
Egzaminas 90 Egzaminy Egzaminas rastu, 30 klausimy i$ viso kurso.
sesijos metu Balas apvalinamas j didesng¢ pusg:
<5 baly — neislaikyta (nepakankamai)
5 balai — silpnai
6 balai — patenkinamai
7 balai — vidutiniskai
8 balai — gerai
9 balai — labai gerai
10 baly — puikiai
Autorius Leidi | Pavadinimas Periodinio Leidimo vieta ir leidykla ar
mo leidinio Nr. internetiné nuoroda
metai ar leidinio
tomas
Privaloma literatira
A. P. Stabinis, G. Valiulis 2008 Ultratrumpyjy Sviesos TEV, Vilnius, 244 p.
impulsy netiesiné optika
S.A.Akhmanov, 1992 | Optics of Femtosecond Laser American Institute of Physics,
V.A.Vysloukh, A.S.Chirkin Pulses”, American Institute of New York, 366p.
Physics
J.C.Diels, W.Rudolph 1996 Ultrashort laser pulse Academic press, San Diego,
phenomena 581 p.
Papildoma literatiira
A. Dubietis 2011 Netiesiné optika VU leidykla, Vilnius, 178 p.
R. W. Boyd 2008 Nonlinear optics 3 rd. Ed. Academic Press, 613 p.
E. Hecht 2002 | Optics Addison Wesley, 698 p.
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COURSE UNIT (MODULE) DESCRIPTION

Course unit (module) title

Code

Ultrashort pulse optics

Lecturer(s) Department(s) where the course unit (module) is delivered
Coordinator: prof. Gintaras Valiulis Laser Research Center, Faculty of Physics
Other(s):
Study cycle Type of the course unit (module)
Second (master program) Compulsory
Mode of delivery Period when the course unit Language(s) of instruction

(module) is delivered

Autumn semester

Lithuanian

Requirements for students

Prerequisites:

Courses of Optics, Laser Physics (or Quantum Electronics)

Additional requirements (if any):

Course (module) volume Total student’s workload Contact hours

in credits

Self-study hours

5 140

64

76

Purpose of the course unit (module): programme competences to be developed

General: training of critical thinking, ability to work in a team
Specific: identify, understand and explain ultrashort pulse optical phenomena and apply them in practice; able to perform
solutions and design the numeric code for ultrashort light pulse propagation modelling; knowledge of operation
principles of optical parametric amplification, ability to apply them in practice; understanding of modern trends of

nonlinear optics

Learning outcomes of the course unit (module)

Teaching and learning
methods

Assessment methods

Understanding of ultrashort pulse optics and
related phenomena

Lectures, seminars

Exam (90%), seminars (10%)

Contact hours Self-study.work: time and
assignments
=1 N E
Content: breakdown of the topics S § 5| S
2| 2| Bt 2| = Assignments
n|l 2| E| 2| 8| Efs| =
L .S < sy < 7} g E
S| 5| E| 5| 8| EIE| 2
S| 8] 8| 2| 2| 2t 5| =
5] = o | M < =4 R ]
2| =] » =S| ST 0O | &
1. Introduction to spatially and temporally | 2 1 3 |2 | Reading of lecture
modulated light waves. Wave  spatio-temporal notes and textbooks
amplitude and phase modulation. Localized light as
a wave-packet. Ultrashort light pulse formation
methods.




2. Light pulses in linear dispersive medium. Types
of light pulses. Transform-limited and phase-
modulated pulses. Gaussian pulses. Truncated wave
equation governing light pulse propagation in
dispersive medium. Various dispersion
approximations

Reading of lecture
notes and textbooks

3. Second order of dispersion approximation.
Normal and anomalous group velocity dispersion.
Pulse dispersive spreading. Phase-modulated pulse
compression in dispersive medium. Third order
dispersion approximation. The aberrations of pulse
compression. Fourier (variable separation) method
for partial differential equations.

Reading of lecture
notes and textbooks

4. Light beam diffraction. Light beam: spatially
localized radiation. Spatial and temporal analogy of
wave-packets. Types of light beams. Gaussian
beam. Beam diffraction broadening. Kirchhoff
method. Beam spatial spectrum. Fraunhofer and
Fresnel diffraction.

Reading of lecture
notes and textbooks

5. Parabolic diffraction equation. Diffraction of
Gaussian beam with flat and spherical front. Beam
focusing aberrations. Bessel beams.

Reading of lecture
notes and textbooks

6. Spatio-temporaly localized light. Tilted pulses.
The interconnection of wave-packet spatial and
temporal properties. Angular dispersion. Formation
of tilted pulses. X pulses in linear dispersive
medium.

Reading of lecture
notes and textbooks

7. Light pulse and beam self-action. Nonlinear
refractive index. Nonlinear polarization. Self-phase
modulation. Self-phase modulation in normal group
dispersion region. Pulse compressors. Self-phase
modulation in anomalous group dispersion region.
Schroedinger solitons Self-focusing.

Reading of lecture
notes and textbooks

8. Three-wave parametric interaction. Three light
wave interaction equations, the derivation procedure.
Relation  with  the  parametric  resonance
phenomenon. 1-st and 2-nd order dispersion
approximations, diffraction and group velocity
dispersion. Group velocity mismatch and lateral
walk-off. Spatio-temporal analogy in nonlinear
optics. Linear and nonlinear regime. Group velocity
matching.

Reading of lecture
notes and textbooks,
laboratory work

9. Three-wave interaction in linear regime.
Parametric amplification in monochromatic pump
field.  Parametric  amplification  bandwidth.
Parametric diffusion. Difference and sum frequency
generation in the cased of low-frequency
monochromatic pump. Bi-foton dispersion. Pulsed
pump: pulse shortening in the case of group velocity
matching. Most important regimes with pulsed
pump: parametric amplification, when signal is
group velocity matched with pump; saturation
regime; modal amplification regime. Amplification
of phase-conjugated waves, chirp reversal, chirp
enhancement.

12

Reading of lecture
notes and textbooks

10. Three-wave nonlinear interaction regime.
Group velocity matching. Giant pulse generation.
Sum frequency nonlinear compression. Sum
frequency  compression  with  tilted  pulses.

12

Reading of lecture
notes and textbooks,
laboratory work




Achromatic phase-matching. Parametric solitons.

Nonlinear X pulses.

11. Preparation for the exam

w

Reading of lecture
6 | notes and textbooks,
laboratory work

Total | 48 16 64 | 7
6
Assessment strategy Weigh | Deadline Assessment criteria
t,%
Exam 90 By the end of | Exam in written form, 4 questions from the whole course.
the course The mark definitions:
<5 below threshold
5 —weak
6 — satisfactory
7 — average
8 — good
9 — very good
10 — excellent
Author Year Title Issue of a | Publishing place and house
of periodical or web link
public or volume of
ation a publication
Compulsory reading
A. P. Stabinis, G. Valiulis 2008 Nonlinear optics of ultrashort TEV, Vilnius, 244 p.

light pulses (in Lithuanian)

S.A.Akhmanov, 1992 | Optics of Femtosecond Laser American Institute of Physics,

V.A.Vysloukh, A.S.Chirkin Pulses”, American Institute of New York, 366p.
Physics

J.C.Diels, W.Rudolph 1996 Ultrashort laser pulse Academic press, San Diego,
phenomena 581 p.

Optional reading

A. Dubietis 2011 Nonlinear optics (in Vilnius  University  Press,
Lithuanian) Vilnius, 178 p.

R. W. Boyd 2008 Nonlinear optics 3 rd. Ed. Academic Press, 613 p.

E. Hecht 2002 Optics Addison Wesley, 698 p.




