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Jak vidime?

white light coming in

Svétlo se Sifi od zdroje a osvétluje predmét

Svétlo se na povrchu predmétu ¢astecné

- Odrazi (odraz od plochy, mnohonasobny odraz, areen surface
- Rozptyli

- Absorbuje

- Interferuje

- Predmeét vyzaruje (tepelné zareni, luminiscenci,...)

v 7

Svétlo se Sifi od predmétu do oka
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Oko svétlo fokusuje a detekuje



Co je svétlo: vinové Casticovy dualismus

Svétlo slozeno z Castic

Isaac Newton (1643 -1727)
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Svétlo jsou viny
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Konstruktivni interference
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MAXWELLOVY ROVNICE
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James Clerk Maxwell
V-ﬁ:p 1864
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Kvantova teorie — svétlo: kvanta (fotony)

Max Planck Albert Einstein

1900 zareni Cerného télesa 1905 fotoefekt

Paul Dirac

1927 kvantovani svétla
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Vybrané oblasti

e Opticka vldkna
e Optické metamaterialy
e Lasery (s kratkymi optickymi pulsy)

e Duha
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Svétlo - vina
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Sifeni svétla VxFE+—=0

Vakuum - -
(nebo isotropni, homogenni neztratova dielektrika) B :/uH
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Opticka vlakna
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Zakon lomu

lom svétla ke kolmici lom svétla od kolmice

a- heldopadu
B- dhellomi
kolmice dopadu

B dhel lomd
kolmice dopadu
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Srovnani chvby A3 Keplerova a Ptolemaiova
zakona lomu oproti piesnému zdkonu Snella
pron = 4/3. Podotknéme, ze chyba pul stupné
je pod hranici presnosti tehdejsich méfreni.

J. Bajer, Optika 1, UP Olomouc 2015
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Totalni odraz
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Totalni odraz

Svétlo Ize drzet napriklad ve sklenéné desce nebo optickém vldkné

Air

Cladding (n = nz)

Core (n=n, }#-f" R“"--H_

Cladding

Air Chvala vin - Svételné viny



Vedeni svétla v proudu kapaliny:

Jean-Daniel Colladon 1841, Jacques Babinet

Chvala vin - Svételné viny

John Tyndall, 1870

Light Reflected
at Water-Air
Interface

—.Light Gradually
Leaks Out

Water Flowing Out of Basin



Light Signal 1
Light Signal 2 =
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ARCTIC OCEAN

INDIAN OCEAN




Submarine Cable Map 2016 Fiber Pairs U.S.-Latin America Trans-Atlantic Europe-Asia Intra-Asia Trans-Pacific

Sponsored by

PCCW Global’

RUSSIA

CANADA

WATAREATAN

V roce 2017 planovan trans Atlanticky kabel : 8 pard vldken, kazdé 20 Thbit/s
(Microsoft a Facebook)
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Optické komunikace: od staroveku- ohné, zablesky odrazeného slunecniho svétla

Ve Francii konec 18. stol. — telegraf — vlajkové semafory, véze , nékolik slov/minutu

Vedeni svételného signalu — volnym Sifenim
- vedenou vinou — vinovody, vlakna

A. G. Bell— 1880 photophone (200 m, volné Sifeni, selenovy odpor/detektor,
B. chvéjici se clona na mluvitku)

Transmitter Receiver
Electrical g
e d Electrical
lnDUt SBbitafbosassoidast E / .H. T o ;’j/ OUTDUT
‘Moduiator o % —/ E | Demoduator
ngh[ Lens Light
Source Detector
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Optické metamaterialy



Siteni svétla
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Svételna vina
(harmonicka, rovinna)
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trojice vektoru
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V.G.Veselago (v.veselago@relcom.ru) 1964
& !
SOVIET PHYSICS USPEKHI VOLUME 10, NUMBER 4 JANUARY-FEBRUARY 1988
338.30
THE ELECTRODYNAMICS OF SUBSTANCES WITH SIMULTANEOUSLY NEGATIVE - - -
VALUES OF € AND p
V. G. VESELAGO FIG. 7. ¢ — p diagram,
P. N. Lebedev Physics Institute, Academy of Sciences, U.S.S.R. ﬂ T
Usp. Fiz. Nauk 92, 517-526 (July, 1964)

€m space
(o) —p(w) diagram
A 1 prens B
&) 4 Diclektrika,
Plasma: M n kladné:
- elektrony v kovech Jq Svétlo se §ii
\/\/\ - Ionty v ionosfére V4 7 n=(sw)V? =0
Svétlo se tlumi, totalng odrazi
POSITIVE BEERACTLE n ma nenulovou imag. ¢ast gL <0
e n= (s> =n+in”
< b
P — ¢
\/\/\ Neexistuje isotropni latka s =0

evotocive latky
n=-(zw)z <0

() [ Negalive Relra
Index

(+7_)

Vi g

n zaporné

Ale €<0 a soucasné u<0? Neexistuje v prirodnich materialech

Ale toto omezeni neplati pro umélé materialy — tzv. METAMATERIALY



“Obraceni” Snellova zakona

3 1

Puc. 1. Ipenomnenne cpe-
Ta Ha UPaHUIE JBYX Cpejl.
TIyTe 1-4 cooTBeTCTBYET XO-
JIy TAJAIOMIETO M IpesioM-
JNEHHOTO JIy4ell s ciaydas
ng > 0, a myte 1-3 — ana
cayuas n2 < 0

2

Normalized power {inear acals)
2

experiment
o2}
Fig. 12: Versuchsaufbau des Shelby-Experimets L - :., r
Fig. 11: Foto des Versuchsaufbaus des Shelby- Fig. 13: transmittierte Leistung bei einer
Experimets Frequenz von 10.5 GHz

R. A. Shelby, D. R. sSmith, 5. C. Nemat-Nasser, S. Schultz, Appl. Phys. Lett. 78, 489 (2001)
R. A. Shelby, D. R. Smith, S. Schultz, Science 292, 77 (2001)



VOLUME 85, NUMBER 18 PHYSICAL REVIEW LETTERS 30 OCTOBER 2000

Negative Refraction Makes a Perfect Lens

Fokusace v ,,Left-Handed* prostredi 1.B. pencry

Condensed Matter Theory Group, The Blackett Laboratory, Imperial College, London SW7 2BZ, United Kingdom
(Received 25 April 2000)
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Negativni materialy

w,
6(60)=1—?

Elektrickda odezva

Magneticka odezva vodic¢u: solenoidalni proudy s ¢asové proménnym magnetickym polem (vodivy prstynek)

Mezery

zesileni

odezvy

Magneticka odezva

Chvala vin - Svételné viny

D. R. Smith, W. J. Padilla, et al, Phys. Rev. Lett. 14, 234 (2000)

s

10.95 GHz



January 1, 2008 / Vel. 34, No. 1 / OPTICS LETTERS 19

Negative-index bianisotropic photonic metamaterial
fabricated by direct laser writing and
silver shadow evaporation

Michael S. RilL"* Christine E. Kriegler,' Michael Thiel,' Georg ven Freymann,'* Stefan Linden,"* and
Martin Wegener'~

Fotonické krystaly

g 1 .
— L |

Fig. 18: Makroporgses Silizium; Bandlicke Fig. li;:&?&?:;ﬁ;ﬁﬁ;-ggﬁal a:;i'.lﬁéllz:;l:n g:t . ,
bei 3 - 4,5um (nshes IR) Bandiacke pei 1.4 - 140318 Vin - Svételné viny



Cilena modifikace indexu lomu — zména Sireni svétla, zobrazovani

Pendry et al., 2006

Nové metamaterialy — Siroky interval hodnot indexu lomu

Nova optika — navrhovani materiald s cilenymi prabéhy indexu lomu
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Plast neviditelnosti

Plast (cloak) je objekt vyrobeny z metamateriall, jehoZ funkci je odklonit svételné paprsky,
které by dopadly na predmét, vést je dale okolo predmétu a vratit na plvodni trajektorii

Fig. 2. A ray-tracing program has been used to calculate ray trajectories in the cloak, assuming that
R, = i.The rays essentially following the Poynting vector. (A) A two-dimensional (2D) cross section of
rays striking our system, diverted within the annulus of cloaking material contained within R, <r <R,
to emerge on the far side undeviated from their original course. (B) A 3D view of the same process.

Pendry, Schurig and Smith, Science, (2006)
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An ultrathin invisibility skin cloak for visible light

Sep. 18 2015 = Vol 349, Issue 6254

Xingjie Ni,* Zi Jing Wong, * Michael Mrejen, Yuan Wang, Xiang Zhang

Science
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Uncloaked
\ N
&
Queen Mary University
of London . 2016 An extremely thin cloaking device is designed using dielectric materials. The cloak is

a thin Teflon sheet (light blue) embedded with many small, cylindrical ceramic
particles (dark blue). Credit: Li-Yi Hsu/Jacobs School of Engineering/UC San Diego
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PRL 102, 253902 (2009)

PHYSICAL REVIEW LETTERS

week endin
26 JUNE 2

&5

Illusion Optics: The Optical Transformation of an Object into Another Object

Yun Lai, Jack Ng, HuanYang Chen, DeZhuan Han, JunJun Xiao, Zhao-Qing Zhang.® and C. T. Chan®

Department of Physics, The Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong, China
(Received 21 April 2009: revised manuscript received 26 May 2009; published 22 June 2009)

Surface: Electric field, z component [Viim]

-1 47 04 41 02 05 08

FIG. 2 (color online).

Surface: Electric field, z component [Vim]

Maw: 2.00

Max: 2,00

=

-1 47 -04 401

Surface: Electric field, z companent [W/m]

0 05 OB

Banc: 2,00

M -2.00

A numerical demonstration of transforming the stereoscopic image of a dielectric spoon of £, = 2 (the object)

into that of 2 metallic cup of &; = =1 (the illusion) through an illusion device, under an incident TE plane wave from the left. (a) The
scattering pattern of the dielectric spoon. {(b) The scattering pattern of the dielectric spoon is changed by the illusion device. Outside
the virtual boundary, the scattering pattern becomes the same as that of the metallic cup. which is shown in (c).
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Laser
(s ultrakratkymi optickymi pulsy)
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LASER
Light Amplification by Stimulated Emission of Radiation

Zesileni svetla stimulovanou emisi zareni

Even = EdovnitF +Edipé|k0
H. A. Lorentz (1853 — 1928) Max Planck (1858-1947) A. Einstein (1879 — 1955)

A. Einstein: Zur Quantumtheorie der Strahlung, Phys. Z. 18, 121 (1917)
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Flash 1ube
L

72

L

%
A

ANNNNNNNNNNN,
Trgger &lacirads

Thomas Maiman, 1960 ....

This man ignored the ridicule of his

peers and easiliy succeeded in producing
histary's first visible light laser from this
simple photographic coiled flashlamp and
his ruby crystalline rod.

"

1974

Zavedeni laserové ¢tecky carovych kod(

10-pack of Wrigley's chewing gum
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Cerpani

zrcadlo 1

| | >

Aktivni svétlo
prostiedi

LASER

A

L >

Piipustné viny — mody
Dané okrajovou podminkou na zrcadlech

e _C_ ¢ L=n’
"1 2L
Af=f _f=C_1

1
" " 2 I_ TR Chvala vin - Svételné viny



OBALKA

10 vin

—
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Synchornizované faze pro vSsechny mody
Nahodné faze modi

Intenzita vs Cas

nakpdy: fire

rozfdzované rozfdzované

Cas Cas



Time-width x spectral width

o

Fower (normalized)

Frequency (a.u.)

Time (a.u.)

Chvala vin - Svételné viny




Pasivnhi mddova synchronizace

PSS

Mirror

S
J

Light pulse

Saturable absorber

Kerrovska synchronizace maédu
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Opticky puls

E(t)=A(t) cos(at + @)
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Pro femtosekundové pulsy dalsSi efekty: zmény faze pri obézich v laseru

Nutna kompenzace

v

Mirror

Layered structure

Tvarovani (komprese) pulsli chirpovanym zrcadlem

Oscillator

SHYAG
Ti:S crystal

e [
7 Y

Chirped mirror Wedges Output coupler

Oscillator's Output ]
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Tvarovani pulsl chirpovanym zrcadlem

5 fs laser




birafringant
filler

Femtosekundovy laser — zakladni schéma
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vzorek l
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10.4 mJicm?

Ultrarychla spektroskopie
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Q
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7 tasové zpozdéni

S
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Metoda excitace a sondovani

10° 4=
4 !

Nanokrystaly kremiku pro
fotovoltaiku (spoluprace s Freiburgem)

M. Kofinek, F. Trojanek, D. Hiller, S. Gutsch, M. Zacharias, C. Kibel, P. Maly: Picosecond dynamics

of photoexcited carriers in interacting silicon nanocrystals, Appl. Surf. Sci. 377, 238 (2016).

Opto-spintronika (spoluprace FzU AV CR, Nottingham, Hitachi Cambridge)

P. Némec, E. Rozkotova, N. Tesafova, F. Trojanek, E. De Ranieri, K. Olejnik, J. Zemen, V. Novak, M. Cukr,
P. Maly, T. Jungwirth, Experimental observationcofihe optical spimiransfer torque, Nat. Phys. 8, 411-415 (2012)



Hreben femtosekundovych pulst

John L. Hall

Fourier
transformation
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Stabilizace faze nosné viny a obalky

Ayl ‘l.. .

nwrtwo 2 nwrtwo

RN y
w 2nwrtwg) N ~®

beat note wq

2-f —f, =2(nf +f )-(2nf, +f )=2nf +2f —2nf —f =T,

f =f +nf,

Fotonické vldakno

Vysoké optické nelinearity

Generace femtosekundového kontinua

Zdvojovani frekvence v nelinearnim krystalu
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Presnost mereni zakladni frekvence a 2. harmonické

Porovnani 2 hfebent 10-2° relativni presnost

Pfesnost optickych hodin lepsi nez atomovych, béhem sekund ...

Presnost optickych hodin v soucasnosti cca 1 s / dobu Zivota Zemé

Synchronizace 2 optickych hodin na 1000 km optickymi vlakny

K. Predehl, G. Grosche, S.M.F. Raupach, S. Droste, O. Terra, J. Alnis, Th. Legero, TW. Hansch, Th. Udem, R.

2x 10-20

Fractional uncertainty
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G5 Tauntain clocks L
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Year

A 920 km Optical Fiber Link for Frequency Metrology at the 19th Decimal Place., Science, 27 April 2012

A broadband chip-scale optical frequency
synthesizer at 2.7 x 107 relative uncertainty

Shu-Wei Huang,'* Jinghui Yang," Mingbin Yu,® Bart H. McGuyer,” Dim-Lee Kwong,”
Tanya Zelevinsky,” Chee Wei Wong'*

'Mesoscopic Optics and Quantum Electronics Labc
Angeles, CA 90095, USA. “Institute of Microelectro
ogy and Research (A*STAR), Singapore 117865, Si
Columbia University, New York, NY 10027, USA.

Huang et al. Sci. Adv. 2016;2:e€1501489 22 April 2016

Scale bar, 250 um.
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Hydrogen 1S-2S frequency

(F=1 to F'=1 hyperfine component)

Feb. 2003: f(1S-2S) = (2 466 061 102 474 851 = 34) Hz
relative uncertainty: 1.4 x 107

measuring the frequency of hydrogen with a laser comb

June 1999: f(18-28) = (2 466 061 102 474 870 + 46) Hz
relative uncertainty: 1.9 x 107

A difference of (-29+ 57) Hz in 44 months equals a
relative drift of the 1S-2S transition frequency of

(3.2+6.3) x 10" per year

Experiment 1956 [8]

19.6 -
=l i
E 49.4 7 Experiment 2003 [12]
4924 .
—
T 48.81 .
= This
— 48.6 measurement
—
week ending s )]84 ]
PRL 102, 213002 (2009) PHYSICAL REVIEW LETTERS 29 MAY 2009 Q o )
48.2 - Experiment 2000 [13]
Measurement of the 25 Hyperfine Interval in Atomic Hydrogen
‘ o o o ) FIG. 4. Experimental and theoretical values for the D, =
N. Kolachevsky,” A. Matveev,” J. Alnis, C. G. Parthey, S. G. Karshenboim," and T. W. Hiinsch . n . . o i . . =
Max-Planck-Institut fiir Quantenoptik, 85748 Garching, Germany B.fI]FS{"'S) - f}ﬂ"‘!{l S) difference in atomic h)‘dmghn-

(Received 3 February 2009; published 28 May 2009)



Laser s nékolika kmity elektrického pole
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A pulse measurement by attosecond streaking confirms the pulse duration of 3.53 fs

(1.5 cycles).

Okell, William A., Tobias Witting, Davide Fabris, Dane Austin, Maimouna Bocoum, Felix Frank, Aurelien Ricci, et al.

Optics Letters 38, no. 19 (October 1, 2013): 3918-21.
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Figure 1. (a) Schematic of the setup for remotely dhven electron
emission. Few-cyde near-infrared light pules are grating-coupled to a
chemdcally etched gold taper The launched SPP wavepacket
propagates along the taper shaft and is nanofocused at the apex
The resulting strong field concentration leads to plsmon-induced
electron emdsion. Electroms are detected in a poinl-projection setup
using a microchannel plate equipped with a phosphor screen. (b)
Scarning electron microscope image of a chemically etched gold taper.
The grating coupler & fabricated by jon-beam milling. (c) Zoom of the
apex reglon with a radivs of corvature of 12 nm (d) Simolated electdc
near-feld distibution with a decay length of 8 nm (&) Intensity
gpectrum and (f) ntederometdc autocorrelation function of the 16 s

ermma

[ Lever
NANO“‘-.__F_@ pubzacs.orgManolett

Ultrafast Electron Emission from a Sharp Metal Nanotaper Driven by
Adiabatic Nanofocusing of Surface Plasmons

Jan ".«rog.;(-de.'a.ng%_'i Jorg Robin, Benedek J. Nagy,§'|| Péter Dombi,® Daniel Rosenkranz,” Manuela Schiek,
Petra Grof,* ™ and Christoph Lienau®"* Chvala vin - Svételné viny




Urychlovani elektron(

Accelerating Structures

Structure Period
Accelerating Structures

MeV electrons

A miniaturized electron source based on dielectric laser B—
accelerator operation at higher spatial harmonics and a Inc
nanotip photoemitter Extraction SHe

at-10.07 keV

Collimation anode
at-100V

Joshua McNeur!, Martin Kozak®, Dominik Ehberger:*, Norbert Schanenberger®, Alexander Tafel®, Ang Lit

5th spatial
with increas

and Peter Hommelhoff23
Fublished 21 January 2016 * ® 2016 QP Publishing Ltd
Journal of Physics B: Atomic, Molecular and Optical Physics, Volume 49, Number 3

Emitted electrons

4th spatial harmonic
with increasing periodicity
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Generace attosekundovych pulst
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A_N. Pfeiffer et al., Nat. Phys. 8, 76 (2012)
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Time domain measurement of the M-shell
. vacancy lifetime in krypton: 7.9 fs
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Fig. 2. Attosecond transient absorption spectroscopy of silicon. {A)
The injsction of electrans into conduction band states of silcon by a few-
cycle near-nirared laser pump-pulse modifies the derivative of the XUY-
absorbance #4/5E plotted as a function of probe-phaton energy Epy and
time delay At betwesn purmp and probe pulse. The color scale represents
the value of 2A/0E. (B) A dose-up of the termporal evolution of the XUW-
transmission T (= 107 at 100,35 e¥ reveals the increase af the signal
amplitude in sharp steps synchranized with the laser electnc field oscilz-

tions {akso see Fig. 3B). The inset shaws 2 fit to evaluabe the step nse time.
The blue line i 2 rolling 2verage of the raw signal depicted in gray. (C) The
position in energy of the first peak of the derivative [marked A in (&)] is
plotted (red), along with the energy of the [-edge onset (marked ')
evaluated at M/AE = 02 (blue). (D) traces the ampltude of 8508 at 1002 e\,
the posion of the maxmum GAE before ectabion The straight lines
indicate the different time scales over which electronic (1) and nuciear (&)
O ITICS: OCTL.

B 106

Attosecond band-gap dynamics in silicon

Martin Schultzel2 "1, Krupa Ramasesha!’, C.D. Pemmaraju?, S.A. Sato, D. Whitmorel, A. Gandman.,
James S. Prell!, L. J. Borjal, D. Prendergast®, K. Yabana*5, Daniel M. Neumark5, Stephen R. Leonel&7-i
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-
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Energy [e¥]

Science 12 Dec 2014
Yol. 346, lssue 6215, pp. 1348-1352

oW o W

Fig. 1. Urafast spectroscopy of band-gap dy-
mamics. {A) &n intense few-cycle bser pump
pulse with @ spectrum cavenng the enbire visiok:
wavglergth range euoies electrons into the
concuction band, where they ane probed by an
ultrabroadbond  atiosscond KUV probe  pulse.
Changes in the slectroric population of the
conduction band ane observed 25 modiicatons of
tihe slican L-edge abmorbonce 4 and its denvatne
AlAAE (B). By wanying the me debty Af betwesn the two pulses, dymamic changes o the: [-sdge spectinum
ican be tracked and trenslated into the evolution of the conduction band papuiation.

Aftcsecond XUY pulse

32 e
T2 e
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TOF spectrometer

Photoelectron energy (eV)
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Fig. 1. Pulse and sample characterization. (A) Schematic of the experimen-
tal setup with the double-target for simultaneous detection of photons and
electrons. (B) Example of a typical streaking trace used to characterize the
single attosecond pulses (SAPs) and calibrate the pump-probe delay axis in a
transient absorption measurement. (C) Spectrum of the SAP without (black line)
and with (red line) transmission through a 50-nm polycrystalline diamond
sample. The static absorbance measured with a broad harmonic spectrum (27)

SCIENCE ,5 4yGUST 2016 » VOL 353 ISSUE 6302

Attosecond dynamical Franz-Keldysh
effect in polycrystalline diamond

M. Lucchini,' S. A. Sato,” A. Ludwig," J. Herrmann,' M. Volkov," L. Kasmi,"
Y. Shinohara,® K. Yabana,” L. Gallmann,“* U. Keller"
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2 4
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is shown in blue. The shaded light-blue area defines the statistical error bars
assuming a Poisson distribution for the number of collected photons. (D) Density
of states (DOS) of diamond calculated with density functional theory. The black
and gray curves are the valence band (VB) and conduction band (CB), re-
spectively. The zero of the energy axis coincides with top of the VB. (E) Num-
ber of electron-hole particles created by the XUV probe and the IR pump in
blue and red, respectively.
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duha 2. fadu
(N=4)

duha 1. fadu
(N=3)

b)
Obr. 10.39 Vznik duhy: a) lom paprsku v kulové kapce, b) vznik duhy 1. a 2. fadu
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Pro index lomu vody »n=1,3324
0; =318° f4=411°, atd.
(360° - 6y, tj. 42° a sekundémi d by ~51°.
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Figure 1-2 A first rainbow simulated by the Lorenz-Mie theory (m=1[.3324, d=600wm, 3.=0.6328 um )
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Dékuji za pozornost
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