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* LASER = Light Amplification by Stimulated
Emission of Radiation

LASER RADIATION |
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Zareni z LASERU

* koherentni (podelne i napric)
 monochromaticke (kvazi-monochromaticke)

* muze mit velmi presnou/kontrolovatelnou
polarizaci (pokud zrcadlovy rezonator ma v
sobe polarizacni prvek)

* velmi zamereny paprsek s nizkou divergenci
* muze mit vysokou svetelnou intenzitu/zarivost
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Koherenti svétlo
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Koherentni svetlo ma konstantni
relativni fazi.
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=> stejna vinova delka
=> vIny maji stejnou frekvenci

=> pohybuji se prostorem
soucasne

Sunlight (many different colors)

E(X,t) — Eo.ei((ot—k.x)Jr(])

LED: one color (monochromatic) and waves not in phase (non-coherent)

E(x,t) = E,.cos(ot-K.x+¢)

—\\/\/\

LASER: One color (monochromatic) and waves in phase (coherent)
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Einsteinovy koeficienty

¢ AbSOrbce: koeﬁC|ent B12 (pravdepodobnost procesu) E2 NZ
- proces, pri kterem atom absorbuje S A~ hy
foton/energii a elektron “vyskoci” z nizsi .
energeticke hladiny na vyssi E N,

* Spontalni emise: koeficient A,,

E; N,
- elektron spontalne (bez vnejsiho vlivu)
~ AP hy
spadne z vyssi enegeticke hladiny na nizsi a ]
pritom uvolni energii v podobe fotonu
l3| N1
* Stimulovana emise: koeficient B,,
AN hy
- elektron je stimulovany prichozim fotonem/ E N
2 2

elektromagnetickou vinou spadnout z vyssi
enegeticke hladiny na nizsi a uvolni pri tom AN hy
energii v podobe druheho fotonu
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Einsteinovy koeficienty

* LASER potrebuje tzv. populacni inverzi = vetsi mnozstvi

elektronu na vyssi energeticke urovni nez na nizsi N, 20000eF,
(N, > N;) => svetelny vykon "‘AN\"” It & significant
. . population inversion
 Vroce 1917 Einstein predpovedel, ze na zaklade Eohoton =NV exists, then stimulated
; . . Incident emission can produce
termodynamickych zakonu (Planckova vyzafovaciho ohoton significant light
zakona) pravdepodobnost spontalni emise emise, A, se amplification
vztahuje k pravdepodobni stimulovane emise, B, N, E,

rovnici: A/B = 8rthv3/c3

. Na zaklade tohoto vztahu bylo dokazano, ze ve dvou urovnovem systemu prichozi
zareni ma stejnou pravdepodobnot "pumpovat" elektrony z E, do E, jako
stimulovat elektrony, ktere jiz jsou ve vyssi hladine E, k padu na E; => system neni
schopen udrzet populacni inverzi (vetsi mnozstvi elektronu ve vyssi urovni), ktera

je zapotreby, aby system (laser) mel positivni vykon (zareni)
E— E2 Absorption can occur
\/\/VV\[\,» t only when
—_ E. AE=hv =E 5" E. A downward transition
Euhu!cﬂ = hv involves emissioin of
E, | oin ¢
a photon of energy:

*b'z
c B )3
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Atomove urovne laseru

 Minimalne 3 atomove urovne jsou zapotrebi, aby se vytvorila
populacni inverze a laser fungoval na zaklade stimulovane emise:

AN Es
rychly rozpad — casto bez fotonu
upumpa” E2
AN aserove zareni
S

E1
=> populacni inverze mezi E, a E;
 “Pumpa” dodava dostatek energie, aby elektrony mohly excitovat

z E; na E;, muze to byt dalsi laser, svetlo z lampy nebo elektricky
proud (elektronove tranzice na zaklade ruznych mechanizmu)
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Atomove urovne laseru

Typicke laserove systemy vyuzivaji 3 az 4 atomove urovne:

Three-Level and Four-Level Laser Energy Diagrams

Highly Excited Level
Upper Level

Highly Excited Level

Metastable
Level /[} (Metastable)
5
s b ok Population
s = S §§ Igvg;sion
= v : = etween
S S|l Population Sl "5l These States
O - Inversion o
-
x 5z Between *
w o }| These 2 Levels u {/ Lower
z LaserLevel
-d
. Natural
Figure 1 Depopulation
V
Ground Ground
Three-Level State Four-Level State
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Laserove medium

Vykon laseru taky zalezi na absorpcnich vlastnostech media, ktere
se pouziva k amplifikaci elektromagnetickeho zareni

* a = koeficient narustu elektromagnetickeho pole/zareni
* B = koeficient energetickych ztrat

—

I(x) = I,.eleP)x

ﬁ

i

Narust elektromagnetickeho zareni/pole (vykon) pokud o > B

* Tyto materialy byvaji drahe, velke mnozstvi je neekonomicke, vic nez

jeden pruchod mediem je potreba, aby energeticke pole narustalo a
laser zacal sesilovat prichozi zareni => vykon

Ve ’ Gws UNIVERSITY OF
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/rcadlovy rezonator

* Pro prakticke pouziti se laserove medium dava do zrcadloveho
rezonatoru, ve kterem se svetlo mnohokrat odrazi =>
mnohonasobne navyseni svetelneho vykonu

* Rezonator se take pouziva na kontrolu frekvence a prostorovych
vlastnosti laseroveho paprsku

Po dvojim prochodu zareni:  I(2L) = [,R,R,.e*PL
Aktivace laseru: R,R,.e@#PL>1

Excitation Energy

R, R,
7 P 7
% .
% Laser Gain Medium % Laser Beam
7 I
S — > -
Rear Mirrar L Frant Mirror / Output Coupler
Total Reflector Partial Reflector
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Technologie laseru

Zakladni prvky laseru: e >
* medium S G
* pumpa

e opticky rezonator

Dalsi prvky:

* polarizator, Pockels cell, difrakcni
prvky, iris

Laser radiation _

Energy input by pumping

Total Partial
reflector reflector

-

Output

beam

aaaaaaaaaaaaa

oooooooooooooo

Amplifying medium
f——— Laser cavity >
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* Laser —vlnova delka musi
korespondovat presnemu
energetickemu rozdilu
mezi atomovymi hladinami

 Lampa — zari v sirokem
optickem spektru s
vysokym vykonem kolem
vyzadovane enegeticke
tranzice

* Elektricky vyboj — kolize
elektronu z vyboje primo
excituji elektrony z nizsi
energeticke urovne
laseroveho media

Katerina Falk, Astrotabor 2010
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Laserova media

Mnoho ruznych laserovych
medii se pouziva pro vsemozna
vyuziti

 Medium ovlivnuje vinovou

delku laseru A (elektronove
tranzice v atomu, atd.)

e Vlastnosti media (vodivost,
tepelne vlastnosti, skupenstvi)
ovlivnuji aplikace laseru

e Priklady:
— pevne latky/krystaly (rubin, Nd-
YAG — IR -> opticke)
— tekutiny/barviva (excimer - UV)

— plyny/plasma (CO,, HeNe, Ar —
IR -> Rentgen)

— polovodice (diody) - opticke

/? UNIVERSITY OF
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e Opticky rezonator se zklada ze dvou zrcadel,
mezi kterymi se neustale odrazi paprsek

 Meazi zrcadly se nachazi laserove medium,
ktere paprsek pri kazdem pruchodu zesili/
amplifikuje

e Jedno zrcadlo je polo-propustne, takze kdyz je
paprsek dostatecne silny a koherentni svetlo
muze opustit resonator

Resonator
\\‘“—‘—\3_
|
J

Gain medium
/
LN W
=
ing

|
l A
Pumpi
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Opticke rezonatory Il

Ve svete se pouziva cela rada ruznych Ry~
rezonatoru H

Tvary zrcadel se lisi podle aplikace,
vinove delky laseru, frekvence, typu
operace, tvaru paprsku, atd. atd.

Resonatory se daji ladit, tak ze ten samy |:(
laser muze pracovat v nekolika ruznych
rezimech, vinovych delkach a delkach
laseroveho pulsu

plane-parallel Ry=o0

- I
I,

concentric (spherical)

confocal

|
,eﬂ,
|

hemispherical Ry=0

concave-convex

Ry—L-R,

Op! Il’yP umped
Semiconduc tor Laser
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Opticke rezonatory Il

* Pokud je rezonator nestabilni, zacne se z neho po nekolika

odrazech paprsku ztracet svetlo

e Stabilita modu v rezonatoru zalezi na tvaru a umisteni zrcadel

* Definice parametru stability (pro jakekoliv zrcadlo):
o

s=1-L2f=1-LR I I

h emi(sg'hle)ri cal

('1| 0) \

e Stabilni rezonator:

planeparallel
1

confocal
(0, 0)

concave-convex
(2 1/3)
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Opticke rezonatory IV

* Elektromagneticke viny uzavrene v N TT—
rezonatoru se odrazeji od zrcadel, tak ze Gainﬂ/'f’di“m .
jejich uzly konci na povrchu zrcadel [ ]
=> povolene vinove delky zavisi na delce |\ ‘/;’ ya
rezonatoru: Pumping
n=2L/A =>mnozstvi A/2 v resonatoru P 3A/2 m——
0 =nc/ 2. => frekvence zareni v resonatoru /\/\
A(D =c/ 2L = oddeleni jednotlivych frekvenci L~ \\ 1

* VIny pak navzajem interferuiji >/,

kontruktivne a destruktivne
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Frekvencni mody

P
e Lasing pro kazdy rezonator je omezen e -] = e g ey

na nekolik povolenych podelnych

(frekvencnich) modu => rada HH A V\%%’H%
' , \ A\ | TIME

LR
g
|

specifickych frekvenci
e Tyto mody vznikaji na zaklade

konstruktivni interference vin uvnitr —
optickeho rezonatoru TRANSFORMATION
 Kazdy mod se vztahuje k urcite vinove
delce, ve ktere dany laser muze FREQUENCY DOMAIN - FREQUENCY COMB
operovat Repetition
Gain 1 Frequency
A
Made spacing —jsxk—
{C s f . ' . B .
p) T
LS FREQUENCY
frn?::::\q \/\. \/\ A \/\U/\ \ \/\\/\ N ,/\v.
% Y
t1 N A g Losses E AN
~Gain profile \ : e
// * I \

»Frequency
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Prostorove mody

Transversni mody paprsku zalezi na tvaru
resonatoru

Maji na svedomi profil intensity paprsku

(tvar \ prOStoru) E amplitude of intensity [W/rh ]
electric field [V/m
Zakladni prvni/symetricky mod ma profil

Gaussovy krivky: . [ r r position x
" w(z) e et
Vyssi mody maji komplikovany tvar, ktery

zavisi na Hermitove-Gaussove funkci:

w 2x 2 X2 + 2 s | -

Umn = UO 0 Hm " Hn —y exp- Y CXpl¢(x y, Z) . 72 " /7 .
o(z) “\w(2)) \o(z) »"(2) [ Vo, : s |
2\ 2 o lw L
P rumer pa p I'S ku w Z = Wy - . Il'w.. laser belam atits ,."'Il

ZR harrowest point

Tw? 5 N e reronessort
ZR R h Z .= Rayleigh F'mgr—
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Prostorove mody

* Jednotlive mody maji ruzna pouziti

* \etsina laseru pouziva jednoduchy Gaussuv profil

* \lysokoenergeticke lasery maji komplikovanejsi strukturu modu,

diky ktere se do paprsku da vtesnat vic energie, napr. vyzkum
jaderne fuze, laboratorni astrofyzika

R

POWE
POW

]
& ‘.f
BEAM -
CIAMETER ‘
AT Ve
POWER POINT

BEAM PROFILE EEAM PROFILE
TEMpqp fundamental TEMp,* first order
(Gaussian) mode (cdonut) mode

* 0 ©

FOWER

|

EEAMPROFILE

Typical higher order
multitransverse mode

TEM,, mode

Katerina Falk, Astrotabor 2010

é _;-% UNIVERSITY OF




Prostorove mody
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Prostorove mody

" W
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20
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Optika s lasery

Gaussuv laserovy profil:

 Prumer paprsku:  w(z) = wq \/1 -+ (

2
lai T4,
* Raileighova delka: -; = —*

* Prizamereni paprsku cockou
ohnisko neni perfektni bod,
paprsek se v ohnisku cocky
akorat zuzi na minimalni

sirku:
A4M || F
2w, =| — || —
U D

* Uhel rozptylu paprsku:

Katerina Falk, Astrotabor 2010
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Nelinearni optika

* Polarizacni expanze:

P(t) =), E(t) + ), E* (1) + X, E° (D) + .. (1)

* Rovnice elektromagneticke viny:
E(t) = E,cos(wr) AN Y
* Po vlozeni E(t) do rovnice 1:
P(t) = g, E, cos(wt) + £,x, E; cos’(wt) + €, E; cos’ (wt) + ...
P(t) = g,,E, cos(wt) + %SOXZEg(l + cosRwr)) + is())@Eg (6cos(wr) + cos(3wr)) + ...

(1+ cosb)
2

=> tato rovnice ma na nasvedomi celou radu exotickych jevu, kdyz
svetlo prochazi urcitymi krystaly , napr. KDP

po pouziti trigonometrickych identit jako: cos’ 0 =

Katerina Falk, Astrotabor 2010




Pockel cell & Q-switching

e DC komponent polarizacni
expanze: 1

P=—¢y.E>
40X3 0

=> prima umernost mezi
elektrickym polem a polarizaci!

* Vyuziti v laserove technologii:
— optoelektricke modulatory

— Q-switching/spinani optickych
rezonatoru

(staci pouzit externi elektricke pole)

Katerina Falk, Astrotabor 2010

Anatomy of the Pockels Cell

Electrode
Polarized

Input ' I G
Wa\lfe \ >

Anisotropic = e
rysta? '

Electrode Output
Wave
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Laser Tech — 2w, 3w

q-

1
« Komponenty: 5f:ognggcos(2oot)

1
Z%XgEg cos(3wr) KH,PO,, KDP y
Li NnO '
* Nektere krystaly jsou schopne BEO
zdvou nebo ztrojnasobit puvodni
frekvenci laseru (zmensit vinovou
delku), napr. IR laser (1064 nm) ->
zeleny laser (532 nm)
1
W W
w . ? 2W
“ w
2w |
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Kerruv efekt aneb jak vypallt drahou optiku

3
* Komponent: 280X3E o cos(wt)
* Refrakcni index zalezi na
intenzite: n(w)=n,(w)+ n,(w)I

* Vykonne lasery mohou zpusobit hodne
skody kvuli “samo-zamerovani” (self-
focusing)

e Kerruv efekt imituje chovani cocky,
ktera zameri paprsek do extremni
zarivosti => plazma doslova vypali diru
v optickem elementu!

Kerr effect focuses | ‘ l

An =n,l e

Inputheam
wih gaussian
profike

i <
focussed peak
| : Varying index power causes
I Propagation distance s N w 'E';%gg: ?nkupeoav;eerh actslike a lens damage
Distance (m) materialindex through To TaEUS e

non-linearefifects

E\) UNIVERSITY OF
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Laser Tech — CPA

Kerruv efekt silne omezuje maximalni dosazitelnou intensitu pri
amplifikaci laseroveho paprsku, nez svetlo samo osobe zacne nicit

laserove medium.

Ve vykonnych laserovych systemech se toto resi expansi paprsku
(velke lasery maji prumer pres metr), ale i toto reseni ma sva

. 1
omezenil. 2) Using gralings, the pulse %M i 1) Oscillator produces short pulses
isstretched by 10,000 x \??%_ /

Reseni tohoto problemu f‘ |
s sebou prineslo .
revoluci v .I.aserove Sumpise
technologii => ultr- ampity nlaser

rychle lasery (fs) s —
vysokym vykonem (PW)

4) Amplified pulses
are recompressed

CPA = Chirped Pulse ¥ih gaiings i <
Amplification G T (201000 19
= Strickland and Mowrou G Camm. 56, 219(1985) and high energy(~ 1J)

Katerina Falk, Astrotabor 2010



Laser Tech — CPA

sl
i{;r,*l Grating pair:
Attt
;;!J'-J:,: Pulse stretcher
Short pulse

)
Amplifier
fm 3 P
(v > ' - — k
Amplified - Stretched pulse 5
stretched pulse
Amplified
short pulse

Grating pair:
Pulse compressor

Gasd UNIVERSITY OF
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Typy laseru

* Lasery nabiraji vsemozne
podoby, tvaru, nebo
mechanizmu

 Hlavni dulezite vlastnosti,
ktere rozlisuji jejich
vyuziti:
— vykon/energie
— vinova delka A
— spektralni sirka AA
— kvalita paprsku (TEM,,, ...)
— delka pulsu (cw, At)

Katerina Falk, Astrotabor 2010

Laser
output

Catl<de€/-
I
Qutput N

= Anode
Helium-neon gas reservoir \1
A
Laser bore tube ) 4 *
-/ High

coupler

Glass envelope
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I - 4 e ’
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reflector

)
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20.61 eV

W

Helium is
"pumped”
up to
axcited
states by
electncal
discharge

Helium

Katerina Falk, Astrotabor 2010

HeNe laser

20.66 eV
qnbjll_4.béwﬂ \\ ~V\A/Vmpf*>

Energy
transfer by
collision
glevates neon
atoms into a
metastable
state.

ir

ansinor

18.70 eV 632

Spontanaous
emissions deplats
the lower level

to help maintain
the population
nversion

Neon
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IR laser: A =10.6 um (=) () (o)

Molecular stracture of Catbon Dioxide

Pumpa: elektricky vyboj
Vysoky vykon: kW — 100 kW

Elektronove tranzice mezi ruznymi vybracnimi
urovnemi/energiemi v CO, molekulach

Plynove primesi: N, zvysuje efektivitu kolizniho

trasferu excitaci ze stabilni vyssi urovne, He T e i
recykluje nizsi energeticke urovne a odvadi teplo z 2349 cm-
. . m" 2331 cm™
laseru (zvysuje vodivost plynoveho komplexu) 001 —
106p >
| 030
I-B L I£ 51:1388cm" ~.6p
100 —r
020
[ Qs = ’ 667 cm™'
N =< | 010 v=0
| —IT v 000 000 000 v=0
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Solid state — Nd:YAG

Energy A

* A=1064 nm [eV]

e 2w:A=532nm N

* Pumpa: diodovy laser nebo |
sirokospektralni lampa .

 Mechanism: Nd3*ionty zaberou
mista nekterych Y3+ v
krystalicke mrizce, Nd je vetsi
atom a v mrizce se buduje stres
a polocas rozpadu vyssi urovne
se zkracuje => lasing

* Vyhody: velmi dobre
mechanicke a tepelne
vlastnosti => vysoke energie

Katerina Falk, Astrotabor 2010
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Diodove lasery
+

* Funguji na stejnem principu jako %
LED-ky

* Populacni inverze mezi valencnim a
vodivym pasem polovodice

* Opticky rezonator mezi dvemi e
materialy s rozdilnym refrakcnim Nt
indexem => kriticky uhel odrazu o

* Vyhody: male (vlezou se do oht P ——
miniaturni elektroniky), usporne . ......... § | band gag
(staci nizky proud jako pumpa), O0O0OO0O0OYLE e
levne, daji se przpusobit ruznym N e
Vlnovym de|kam Lens +ve terminal

Junction
QWIregions ——

( \ Light emerges e terminal
Transparent output waveguide from polished RISUSLLLS

end

GSaa UNIVERSITY OF
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Rentgenove lasery

e Lasery v Rentgenovem - o
oboru jsou velmi obtizne st 23§ N
na konstrukci, jelikoz je —Z T
zapotrebi postoupit - I I
hloubeji do nitra atomu |

e Atomy musi byt silne - ?

ionizovane — plazma

* Profesor Rocca z

Coloradske univerzity |
sestrojil Rentgenovy laser, &
ktery funguje na principu
Z-pinche
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Rentgenove lasery

e FEL = free electron laser

e Zalozene na jinem
principu
* Urychlovac vytvari

vysokoenergeticke
elektrony

* Serie magnhetu pak ohne
trajektorii techto
elektronu, ktere vyzari
svou energii v podobe
koherentiho
Rentgenoveho zareni s
vinovou delkou danou
frekvenci magnetu

Katerina Falk, Astrotabor 2010

g ———

i 57 -ray

Optics - - %,

SE
/474 aNO)
| Iﬂ)s
e»\e 5

UNIVERSITY OF

OXFORD




* Vyskoenergeticke lasery
(kazdy paprsek ma 200
— 1000 J)

* Pomerne dlouhe pulsy
nekolik nanosekund =>

vykon: 1012 W =TW !!!

* Tyto parametry jsou
velmi dulezite pro
vyzkum inercialni fuze a
laboratorni astrofyziky

Katerina Falk, Astrotabor 2010

KL 0p

<(§§i)\) UNIVERSITY OF
2’ OXFORD




7 OXFORD

3 UNIVERSITY OF

. i
Sk \
il W

AR

g\ - ¥
A\
o ., y - %

S
3,
(Vp)
oe
(O
o0
v
&
O

Katerina Falk, Astrotabor 2010




60 paprsku s max. energii
f 40 000 J, nanosekundove
¥ pulsy & Omega EP — ps
laser - druhy nejvetsi laser
na svete!

&

GSaa UNIVERSITY OF

%’ OXFORD
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Gekko Ier

Nd:glass laser, 12 paprsku
celkovy vykon: 10-20 TW
+ ultra rychly laser FIREX-1

(10 kJ, 10 ps) => “fast ignition”
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LLNL

Lawrence Livermore National Laboratory (LLNL)
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Jupiter laser facility
“‘I'-lta ill enable experlmen% com”ﬁing short—pulse

petaw -class, and long-pulse ams

West beam line New vacuum
Existing ~ 500 J short pulse grating compressor
Janus : -
target
chamber

Short Pulse
Wavelength 1054 nm
Pulsewidth 400fs -10ps
Pulse Energy Up to 530J
Spot Size 8um

Rep Rate 2/hour
New target

Wavelength 1053 nm, 527 nm . S

Pulsewidth 250ps->6ns

Pulse Energy 1 kJ, 1, 3ns; . &4 -
140J, 10, 250 ps \ A SN : East beam line

~ 1 kJ long pulse

Spot Size
Rep Rate

N
Existing Switchyard

laser bay mirrors
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192 jednotlivych paprsku
celkovy vykon jednoho ~ 500 TW

e e e

L e B it by
ik

T

A ]
L ——
N IR PN

'.::\

£
. - i G e ‘*i;

o EERERTA S0 20 SYE 1 il

‘ -l‘ F ?'-.l".\\
Katerina Falk, Astrotabor 2010

& UNIVERSITY OF

“#) OXFORD




Integrated computer
conltrols system —__

~—— Target
expenmental
systems

UNIVERSITY OF

Katerina Falk, Astrotabor 2010



Giganticke lasery a fuze

Vedle velmi zname
magneticke fuze, kterou
si fyzikove procvicuji na
tokamacich JET a brzo
snad i v ITERu, existuje
nemala skupinka vedcu,
kteri se pokouseji o
“zazech” na nejvetsich
laserovych systemech
sveta jako NIF, Omega
nebo Gekko.

Flibe coolant outlets—___ HSI fusion target

One of the 350-nm
compression laser

Flibe coolant inlet#
610°C

\\ L Fission blanket
Limiumilead first Be neutron muiltiplier
wall coolant moderator

P
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Fakt velke lasery!

* Tyto laserove systemy maji
desitky az stovky
jednotlivych paprsku,
ktere se vsechny soustredi
do jednoho bodu =>
rovhemerne ozareni fuzni

“kulicky”

e Tyto lasery jsou schopne
vytvorit podminky panu-
jici v nitrech velkych pla-
net a hvezd

Katerina Falk, Astrotabor 2010




RECE IRV

* Direct drive:

Lasery uniforme ozari
povrch zmrazene kulicky
deuteria tritia (D-T). Hmota
z povrchu se rychle zahreje
a zacne expandovat jako
raketa. Silne sokova vina
pak padi smarem do centra,
pricemz stlacuje a zahriva
vodik uvnitr, ve kterem se
nakonec zazehne
termonuklearni reakce.

* Indirect drive:

Lasery zari na vnitrni
povrchu zlateho
hohlraumu, ktery vyzaruje
silne a rovhomerne
Rentgenove zareni, ktere
pohani sokovou vinu v D-T.

Katerina Falk, Astrotabor 2010

== Radiation » Blowoff =» Inward transported thermal energy
P
~QD-
P \f/‘
Laser beams or Fuel is compressed During the final Thermonuclear
laser-produced by the rocketlike part of the capsule  burn spreads
x rays rapidly heat  blowoff of the hot implosion, the fuel rapidly through
the surface of the  surface material. core reaches the compressed
fusion target, 20 times the fuel, yielding
forming a density of lead many times the
surrounding and ignites at input energy.
plasma envelope. 100,000,000°C.

Gasd UNIVERSITY OF

‘& OXFORD




Lasery v astronomii

* Monitorovani fluktuaci
magnitudy hvezd pri
astronomickem pozorovani

* Astronomove si mohou na
obloze vytvorit “umelou”
hvezdu vykonnym laserem a
timto merit zmeny v jeji
zarivosti a poloze zpusobene
vzdusnymi proudy v
atmosfere

=> normalizace
astronomickych pozorovani
vzdalenych objektu z povrch
eme

* Taky to jsou docela super
ukazovatka! ©

/i 6%
74
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Vyzkum gvantove/atomove fy2|ky

e Laser cooling

* lon trapping

* Quantum computing
 Atomove hodiny

e Bose-Einsteinuv
kondenzat

Katerina Falk, Astrotabor 2010

Mognehc

Atoms ™,

Polarized Atoms

Detector

Radloachve
%2Rb lons
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Lasery v medicine

Laserovy skalpel:

— preciznost, mensi krvaceni, bez
kontaktu, rychlejsi hojeni

* Endoskopie:

— opticka vlakna, zjednoduseni
komplikovanych operaci

* Lecba rakoviny:
— PDT (fotodynamicka terapie)
* Anginoplastika:

— odebrani povlaku cholesterolu
Z tepen

* Srdecni chirurgie: TMR

.\“

P

Katerina Falk, Astrotabor 2010
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Lasery v mediciné

* Ocni chirurgie:
— tvarovani rohovky (ArF @ 193 nm)

— oprava sitnice (Ar @ 514 nm, 2w
Nd:laser @ 532 nm)

e Zubarstvi (Er:YAG @ 3 um)

CO Nd:YAG Argon

2

2 Laser beam
reshaping the
cornea during
LASIK procedure

UNIVERSITY OF
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Prumyslove lasery

Obrabeni, svarovani,
vrtani, atd.: CO,, Nd:YAG,

Nd:YVO,
fotolitografie: Excimer

7,/

laser beam

pressurized
gas inlet

-
-

UL

-~
N

focussing lens

nozzle work piece

laser jet
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Prumyslove lasery

~
>

\\ | “" K |
‘ mm*Thickness. &
Saw UNIVERSITY OF
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Opticke komunikace

Diodove lasery: InGaAdP
A=1.55um, 1.3 um

e Vyssi tok dat & lepsi
kvalita nez radiove
komunikace

 Komunikace pomoci
optickych vlaken

* Vyuzivaji technik e ] s
nelinearni optiky k samo-

amplifikaci signalu => cune = oo
kva I it n i d a I kove Laser transceiver T
komunikace (EDFA) Recever_| [ Tranamter Y o
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Opticke komunikace - budoucnost

* Opticke komunikace s druzicemi?

* Vyhody nad radiokomunikacem:i:
kratsi vinova delka = prenos
vetsiho mozstvi dat, mensi rozpty!
laseroveho paprsku = staci mensi
vykon vysilace, vyssi efektivita

U.S.v Laser Telecomm Demo Could
Support Operations

By Turner Brinton
= ShareThis

WASHINGTON — A new laser
communications demonstration satellite
that the U.S. Air Force may pursue
would pick up one of the primary
missions that was abandoned when the
service's Transformational Satellite (T-
Sat) program was terminated earlier this

year.
Other nations have experience with
" : laser-| te it
A An advanced programs group at the Air om0
41’5, Force Space and Missile Systems European Space Agency’s Artemis
i laser relay demonstration satelite.

1 Center has requested information from S0 Fda o iets coneent
) industry by Oct. 2 for a geostationary Enlarge Image 3
communications satellite that would use
lasers to transmit data at high speeds to aerial platforms. If the Air
Force moves forward with the program, it will be directly enabled by
the $2.5 billion the service invested in developing T-Sat, government
% and industry officials say.

Katerina Falk, Astrotabor 2010
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Opticky zaznam dat

e CD-650MB—-A=780nm (AlGaAs), P =1-30 mW
e DVD—-4.7 GB—-A =650 nm (AlGalnP), P =1-30 mW
e HD-DVD - 25 GB - A =405 nm (GaN), P=1-30 mW
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Vojenske aplikace

Kominukace

e Zamerovani zbranovych
systemu

 Radarove technologie
* Laserove zbrane
* Odposlouchavani
Jaderne zbrane

Airboma warni . o
.- . Radio-fraquency uplink

ao o ’ v ; - :
e —— ~ and mtrolsystem". _' 2 e © e _"3&‘
Corti mlus >72/ 1912 m L
nan s

i /' Un(n?nned 'Tr A
3 i) aarial
fiber ne v ; v/ -~ vehicle 4 & :‘? 4
%’{ Transnceanclnk ~ /Alrto-gmundlnk 2 A TeRe
= "‘“ _ aarial ‘
‘imhicla{-

R Ground-to-air Imk {
al communications
ructure
oy - 5?“

Sensor networks

. Airto-ground link

i 5
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Lasery a zabava

e Laserove show se v poslednich letech staly popularnim zdrojem zabavy

Katerina Falk, Astrotabor 2010




Dalsi aplikace

* Holografie
e Laserove sensory, scanery

 Monitorovani znecisteni ovzdusi/
POCasI

 Mapovani prirodniho terenu
* Detekce nebezpecnich chemikalii

RGB

Color Sensor

n Sﬁﬂ,:_

)
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Na zaver

* LASER letos oslavuje sve 50

narozeniny !!!

Finance ve vede se po krizy
znatelne snizily, na coz
odpovedely proslule britske
noviny The Guardian
clankem, kde prohlasili laser
nejdulezitejsim vynalezem
20. stoleti ...

Laserova technologie ma
jedno z nejsirsich uplatneni v
ruznych odvetvich lidske
cinnosti, pricemz jeho
vynalez byl produktem cire
zvedavosti teoretickeho

fyzika ©

Katerina Falk, Astrotabor 2010

Lasers would never have shone if
Mandelson had been in charge

The laser — first built 50 years ago — is used for everything from
the internet to barcodes. Yet science funding allocation today
would stop such visionary projects in their tracks

# John Naughton
‘ The Observer, Sunday 17 January 2010
;- Article history

A laser beam over Paris. This year is the 50th anniversary of the first laser beam
Photograph: Jacques Demarthon/AFP/Getty Images

http://www.guardian.co.uk/technology/2010/
jan/17/lasers-government-funding-peter-
mandelson
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A pohadky je konec ... ©
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Trigonometricke identity

Sum and Difference Identities:

sin(xz +y) =shx cosy + coszsmy
sin(z —y) =shx cosy — osLSM Y
wslz +y) =wsx sy —shasny

wslz —y) = cosxcosy +smrsiny

tanx + tan y
bty = 1 —tanaxtany

t -t
b anx — tany

1+ tanaxtany

Double Angle Identities:

s 2% = wsx—simZx = Qws®x—1 =1—2sm?=x

g 2 tanx o 2 cot x 2

I —tan?% eotie —1 ootw— ban

SIn 20 = 28I x cosx
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Product- Sum Identities:
SIN X oSy = %[sm(a: + y) + sz — y)]
. L :
COSX SMY = E[Sm(x +y) — sz — %’)]
|
SISy = 5[008(00 — ) — ws(x + y)]

COS X COS Y = %[ms(ﬂc + ) + cos(z — )]

Sum-Product Identities:

smx+smy=23mx+ymsx_y
2 2
. . x4y . x—y
SN — Sy = 2 oS sm
2 2
i -
msx+msy=2msx2 2 i 29
.ty L x—y
X — sy = —28In 5 s
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