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lpoekm SUMMIT | Hay4Ha epyna 3.2.3 @omoHuKka u Hoeu Mamepuaru

OG6xBaT n cbAbpPXKaHUE HA Hay4yHaTa nporpama

XapakTtepusupaHe Ha MaTepuanm

. KOMI'IIOprHI/I cumynauum (DFT) doToHMKaTa 3a un3yvyaBaHe un

= + PamaHoBa criekTpocKonus _ una HacTponka Ha
‘brNepoAHN HAaHOCTPYKTYpU cBoOWCTBaTa, KOMTO onpeaensT
* oTnaraHe Ha rpadeHOBU CII0EBE U yHKUMOHaANHOCTTa U
rpaceHoOBM HAHOCTPYKTYpK 3a 6MOCHLBMECTMMOCTTa Ha
MPUIOXEHUSA B YCTPOWCTBaTa 3a ©6uomaTtepuanute
CbXpaHEHWE Ha eHeprus ®oToHuka *  ONTUMW3MPAHE Ha
+ MaTepuanu Ha ocHosaTa Ha rpaceH * CBpPbXObp3a crnekTpockonys OMOKPSIEMOCTTA Ha
3a NpUNoXeHns BbB POTOHMKaTam  ° Ii:AMHFyﬂﬂpHV' NnasepHn cHonose NOBBLPXHOCTTA HA KOHTAKTHM
d)OTOBOHTaVlKaTa eToaun 3a AnarHoTuka Ha newum (Kﬂ) ypes3 ANPEKTHO

heMTOCEKYHAHN UMMNYIICU U
CUHIYNSIpPHM CHOMOBE

3anucBaHe Ha HaHOMOTOHHU

CTPYKTYpU
*  ®OTOMHAYUMPAHU KBAHTOBM
cuctemm PaspaboTtBaHe Ha HOBU
nasepHu N3TOYHULM
MNepoBCKMTHM MaTepuanu u cTykTypu * OnNTUYHKM METaNOBBLPXHOCTM 3a Mna3mMoHHW MaTepuanm
3a cpoTtoBONTANLM yrnpaBneHne Ha CBETNIMHA - KoHTpon Ha cBeTnmHaTa nog
* [NpeoponasaHe Ha rpaHWLUaTa Ha rpaHMLaTa Ha audpakLms

KnAa ot 33%

Cogputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku ¢hakyrnmem
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KakBo e cBeTnuMHata?

CseTnunHaTa € egHOBpPEMEHHO enekTpomarHutHa (EM) BbfiHa 1 NoTok OT YacTmum (POTOHN)

OcHoBHM cBoncTBa Ha EM BbnHuM

o ObmknHa Ha BbniHaTa: A [nm]

UecToTa: v [HZ]

A-v=c (ckopocT Ha cBeTnnHara: 3x10 m/s)
AmMnnuntyna

[Monapwusaumsa (JiMHenHa, Kpbrosa u T.H.)
NHTeHnanTeT [W/cm ]

. ®Pa3za

UsmouHuk: https.//en.wikipedia.org/wiki/Wave

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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UsmouHuk: https://en.wikipedia.org/wiki/Electromagnetic_radiation

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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CHEKT'bp Ha eNIeKTPOMarHUTHUTe BbJ1HU

Penetrates Earth's
Atmosphere? N N
Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray

Wavelength (m)  10° - 0.5%x10 ® 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

10* 108 1012 10'® 10'® 10'8 1020
Temperature of
objects at which
this radiation is the ))
most intense 1K 100 K 10,000 K 10,000,000 K
avelength emitted ' ’ ’
wavelengih emi -272°C  -173°C  9.727°C ~10,000,000 °C

UsmouHuk: https://en.wikipedia.org/wiki/Electromagnetic_spectrum

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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U3nbuBaHe U nornbLliaHe Ha CBeTNIMHA

4__.__.—-—-—EIEI:’cronin an

exdted state

4
I
1

’: Electron absorbing

7} photon goes up energy

I
1 level

Electronin ground
state (lowest energ
level)

Mucleus

'

Electron emitting n=3

Photon  photon goes down in
energy level

UsmouHuk: https:/sites.google.com/a/coe.edu/principles-of-structural-chemistry/relationship-between-light-and-matter/emission-and-absorption

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem



lTpoekm SUMMIT | Hay4yHa epyna 3.2.3 @omoHukKka u Hoeu Mamepuarnu

CnoHTaHHO “ CTUMYJINPAHO N3nbyiBaHe

Before After
r—relm—

Spontanenus Upper
emission —@— U856/ —— pioton
S -
Lower
Level (a)
Stimulated Two
Emission —.— lﬂggg{ m
NAVAVAL
Phntan _ Lower
Level (b)
Stimulated
Absorption 'i{gg:{ —.—
JU - Figure 3

Lower
Photon _._ [ ovel —— (c)

CnoHTaHHO u3nbyeHaTta OT OTAENHUTE
aTOMW CBETMNHA MMa NMPON3BOSTHO
nocoka un gasa.

M3nbyeHaTa cBeTNMHA OT OTAENHUTE
aToMV MMa cblliata AbiKUHa Ha
BbIHaTa, NocoKa 1 dpasa KaTo Te3n Ha
Bb30yXaallaTta CBeTnvHa.

U3mouyHuk: https://www.olympus-lifescience.com/de/microscope-resource/primer/java/lasers/electroncycle/

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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Cmn MYJINPaAHO U3JTbYBaHe

Before During After
emission emission emission
Excited level —@— F5 8
hy
hy hy ANNN>
- hy
Incident photon AF ANA -
Ground level — [, ‘ O
Atom in Atom in
excited state ground state

EZ—EII.&E:hH

UzmoyHuk: https://en.wikipedia.org/wiki/Stimulated_emission

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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FeHepau,vm U CBOMCTBA Ha Nna3epHOTO n3sib4BaHe

Photons produced

by stimulated
000000 EE 2 emission have

00000 -
a definite phase

VWVV» If a significant
population inversion relationship,
Ephnt:}n =hv exists, then stimulated
Incident emission can produce
photon significant light

producing
amplification

coherent
light.

E1 1

U3zmouHuk: http://hyperphysics.phy-astr.gsu.edu/hbase/optmod/qualig. html

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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FeHepau,vm U CBOMCTBA Ha Nna3epHOTO n3sib4BaHe

LASER: Light Amplification by Stimulated Emission of Radiation
(YcuneaHe Ha ceemriuHa 4Ype3 cmumyrnupaHo U3ibyeaHe)

U3zmouHuk: https://www.gordon.edu/symphonyorchestrac

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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JlTazepHu pe3oHaTOpM

I

oo

HanpeyHn mogoBse B pe3oHaTopu ¢
NpaBObIbLIHW ornegana

| — |

Ry =1

-
4

1
[
.

[

Ry=I

Ry=1

(L

concentric (spherical)

confocal

CORCAVE-COMEx

Ry=12

HanpeyHn mogoBse B pe3oHaTopu ¢
UMNTMHOPUYHA CUMETPUSA

Ry—L-R,

UsmouHuk: https.//en.wikipedia.org/wiki/Optical _cavity

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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Pe3oHaHCHM MofoBe: caMo onpeaeneHn AbIMKMHU Ha BbJIHaTa ce noaabpXaT B pe3oHaTopa

®

Cavity Resonance Modes and Gain Bandwidth

Gain

Laser Quiput Power

Cavity Transmission

Wavelength Wavelength
=== Cavity Modes == Gain Bandwidth  Figure 1

C \/\/<
VOV OV,

U3moyHuk: https://en.wikipedia.org/wiki/Longitudinal_mode UsmouHuk: https: //www.olympus-lifescience.com/de/microscope-resource/primer/java/lasers/gainbandwidth/

@ ©@ ® @ ©

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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YcnoBuA 3a nosniyyaBaHe Ha rasepHa reHepauus

NHBepcHa 3aceneHocT — CuTyaums Ha HepaBHOBECHO 3acenBaHe, Npu KOeTo BposaT Ha YacTuunute
Ha rOPHOTO Na3epHO CbCTOSIHME € MO-TONAM OT TO3U Ha JONHOTO Na3epHO CbCTOSIHUE.,
YcuneaHe, npeBuLlaBalllo 3arybute, T.e. ,4UCTO" yCUIBaHe.

Nd:YAG solid-state laser
Highly Partially
reflective reflective
mirror Flashlamp (pump source) mirror
] ] 1
' Laser
;-——__ ocutput
WD: YAG crystal (laser medium) ]I_
Theodor Maiman, Hughes Research Optical resonator
Laboratories, Malibu, California, USA/
16.05.1960
UsmoyHuk: https.//en.wikipedia.org/wiki/Ruby laser UsmouHuk: https://en.wikipedia.org/wiki/Laser_construction

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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NMpunoxeHua Ha nasepute

GICAL
OPHTHALMOLOGY l

4 SECURITY NAVIGATION,
& D GUIDANCE
EFENSE & CoNTROL

ENVIRONMENTAL §
& CHEmMICAL

ANALYSIS MANUFACTURING & WEAPON
Process CONTRO SYSTEMS

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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CBpbXxKbeu (heMToCeKyHAHWN) nasepHU UMMYICHU
KakBo 3Hauu 6bp30?

XUMHUYecKa peakuusa POTaUUA U
(ekcnnoswus) BUOpauuA Ha OBUXeHue Ha
MOreKynu eneKTpoHuUTe

_\q%’.\%ﬁ Q9

'. Obp3 3atBOp Obp3a uudposa
Ha Kamepa eneKkTPOHUKa
BPEME

1sec 10 3sec 10%sec 10°sec 102 sec 10 T sec 10" sec
mili micro  nano pico femto atto

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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B1tp30, N0-6bLP30, CBPBLXOBLP30 ...

TaKT Ha 1
MUHYTa
KOMmioTbpeH y CblUeCTByBaHe
npouecop®oTo- €AVH Ha YyoBeka
cBeTKaBuLUa mecel BL3pacT Ha
10 fs\# J] J? i J7 47 J] BceneHaTta

*ﬁ“

10% 107 10* 10" 10® 10" 10™®

BpemMe (cekyHau)

10 fs ce oTHacAT KbM 1 min
KaKTo

1 min KbM Bb3pacTTa Ha BceneHara.

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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FeHepupaHe Ha CBPBXKbCU NTA3epPHU UMMYIICU

UHTephepeHUumna Ha ABe BLITHU N YeCTOTHO OneHe

in phase outof phase

envelope wave

i i iii iv
- Theat -

UsmouHuk: https.//www.animations.physics.unsw.edu.au/jw/beats.htm

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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FeHepupaHe Ha CBPBXKbCU NTA3epPHU UMMYIICU

UHTepdepeHLUUs HAa MHOIO BbJTHU

longibudinal cavily
fodes
i
1
AtAm~1
-a— —-
|
clrculating ultrafast uktrafast output
pulse pulses
high output
reflector coupler

UsmoyHuk: https.//spie.org/news/getting-practical?SSO=1

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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PemTOCEKYHAEH reHepaTop B KaTeapa ,,KBaHTOBa ernekTpoHuka“

1.0+ o v
// A 08
0.8 y 7 }
y gﬂ
= 5 oa / W\m
; 0.6 £ N
S, FWHM = 38 fs g
>
:5; 00"./ ; \““‘
c 04 70 76 750 775 80 85 80 85 90
..q_'a) Wawelength [ nm ]
£
0.2
0.0

-80 -60 -40 -20 O 20 40 60 80
Delay [fs]

* A, =790nm

« At = 28fs (Gaussian shaped pulse)
* fep = 83MHZz

W =4nJ

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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3aLlo e Heo6xoANUM UMNYJICEH PEXUM?

Kosnko eHeprus 6u nmano B eanH nmnync?... 1J? — marnko...

Konko 6u morna na 6bae BpemeBaTa NpoabimKUTENHOCT?...
Konko e 1fs? — MmHOro, MmHoro mankol!...

MouyHocT P=i—A
100 _ 1077 _ 56w — 1000 000 W = 1MW
10fs 10-1%s ) .

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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Ultra-Relativistic Optics

X
E=mc ® 1TeV
OPCPA
or CPA

e

Relativistic Optics

Bound electrons

=

Focused Intensity (W/cm?)
=3

+—— )-Switching

]ﬂ!ﬂ

1960 1970 1SB0 1950 2000 2010 2020 2030

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem



lTpoekm SUMMIT | Hay4yHa epyna 3.2.3 @omoHukKka u Hoeu Mamepuarnu

MU3cnenBaHe Ha MOJieKynsapHa AuHaMUKa CbC CBPBbXKbCU JNTa3epHUN NMNyJicu

v

Spectrometer

UsmoyHuk: https.//www.newport.com/n/ultrafast-spectroscopy

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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Cb3paBaHeHa MUKPO- U HAHOCTPYKTYPUPaAHU MOBBLPXHOCTU C PeMTOCEKYHOHM nasepum

{a) 100~

Ultrafast laser
80+ Y

Reflectance (%)
SRes 2

400 800 1200 1600 2000

Wavelength (nm)

— 8i
100 mW 250 pmis
200 mW 250 pmis
250 mW 250 pmis
300 mW 250 ymis
theoretical value

fo"rknm surface

P
P

4 & 8 10 12
Wavelength (um)

UsmouHuk: Yiyuan Zhang et al 2020 Int. J. Extrem. Manuf. 2 032002 | DOI 10.1088/2631-7990/ab95f6

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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OnTnYHM BUXpU

CI/IHrynﬂpHOCTVI Ce cpellaT HaBCAKbAe, KbAeTO a3uMyTalJieH bl'bJ1 3aBUCUN OT
NMPOCTPAHCTBEHUTE NapamMeTpu

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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KoHTpon Ha c¢pa3aTa moaynupaHe Ha Hanpe4yHusa npodus Ha ONTUYHU CHONOBe

Il

=90 Q3001

I

——

|

il:

\

|

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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BecenoBu cHonoBe, reHepupaHu ¢ noMoLluTa Ha ONTUYHU BUXPU

UsmouHuk: https://en.wikipedia.org/wiki/Bessel _beam

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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BecenoBu cHonoBe, reHepupaHu ¢ noMoLluTa Ha ONTUYHU BUXPU

250
11(x) = AD*jO(A1*x+A2)*2 —— Bessel fit
a 200- AD= 2235 —— Experiment
= A1=-0.1796
= A2= 02735
= 150
<
5
N’
100
z
5 TC=24, d=30cm
= 50 -
0 7] I

200 -150 100 50 0 50 100 150 200
Transverse coordinate (pix.)

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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Optical
axis
Radiation
pressure
dominatey }
—_— Wave front
"—-_-_._-—"'; J‘.

———

B Colloidal
_ - particle
Gradient 7;

force
dominates

|
-~

Laser beam

Figure 1 Optical tweezers use a strongly focused beam of light to trap
objects. Intensity gradients in the converging beam draw small objects,
such as a colloidal particle, toward the focus, whereas the radiation
pressure of the beam tends to blow them down the optical axis. Under
conditions where the gradient force dominates, a particle can be trapped,
in three dimensions, near the focal point.

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem



bnarogapsa 3a BHUMaHuMeTo!

https://summit.uni-sofia.bg/

http://quantum.phys.uni-sofia.ba/fslab/



http://quantum.phys.uni-sofia.bg/fslab/
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(a)

Surface plasmons on planar
thin film-dielectric interface

[b] Electromagnetic field

U3mouHuk: Processes 2020, 8(1), 115; https://doi.org/10.3390/pr8010115

Coaputicku yHusepcumem ,,Ce. KnumeHm Oxpudcku®, @uaudecku chakyrnmem
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