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Kontinualni vlaknové lasery

laser — opticky oscilator

gerpani 1. usporadani rezonatoru:

ddddd Iaserové linearni (Fabryav-Perotlv rezonator)
zesilujici zéfeni
szl s aktivni vlidkno

polopropustné
zrcadlo

“~~ rezonanéni dutina—" zrcadlo
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podminky laserovych oscilaci: : v;:ni
1. zisk aktivniho média presné o neabsorbované \ ";ign;
kompenzuje ztraty rezonatoru gerpani Cerpani ¥ | oceru
2. fazovy synchronizmus A¢p=2pL=27N

signal zpétné vazby je sfazovan s puvodnim

vstupnim signalem.Vzdalenost podélnych ,o;,':f,::mﬂf;m s
modu F-P rezonatoru AV=C/2L, 0% jinde (Serpanl) laserovy signal

napf. L=10 m 4v=10 MHz. @ "
(srv. InGaAsP laser 2=1300 nm: e —Hit H—
L= 300 um —> Av= 142 GHz, leserovou diodou aktivai vidkno aita i

resp. A1=A*Avic= 0,8 nm.)




Kontinualni vlaknové lasery

2. usporadani rezonatoru:
kruhovy rezonator

vystup
laseru
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clen
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Vzdalenost podélnych modi
kruhového rezonatoru Av=c/,
Av=10 MHz pro L=20 m.
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inverzni populace AN=N,-N, nezavisi na z,
6,= 0,= 6, — vystupni fotonovy tok:
dP,
dt

=(N, =N, )o,IP, —&+sp.em.
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synchronizace moédu — pulzni laser

Vzdalenost podélnych modi kruhového rezonatoru Av=c/A, Av= 10 MHz pro L=20 m.
Do pasma zesileni erbia se vejde M ~105modu (obvykly rezim: volné oscilujici maédy)

Sfazovany signal M médu vede k vytvoreni sledu impulst s periodou T = L/c

(doba obéhu kruhovym rezonatorem)

Mi

Intenzita

X o T

B. E. A. Saleh a M. C. Teich, "Zaklady fotoniky", kapitola 14: Lasery, Matfyzpress 1995




Aktivni modova synchronizace

vystup radiofrek\(enéni
laseru generator

vystupni

vazebni elektroopticky
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Pasivni modova synchronizace

stav polarizace ve vlaknu pfi
slabém:  asilném signalu:

vystup
laseru

vystupni polarizaéni
vazebni opticky
izolator

¢len

polarizaéni
kontrolér

aktivni viakno

V4
/ neabsorbované

Cerpani

Cerpani




Femtosekundovy viaknovy laser

Pulsni laser s pasivni vidovou synchronizaci
diky nelinedrnimu natéceni polarizace.

Sitka spektra: 13 nm, 1,=1561 nm
Délka pulsu: 197 fs (AT x Av =0.316)

Opakovaci frekvence: 39.68 MHz
odpovidajici perioda je 25.2 ns
a délka rezonatoru 5.14 m

/

vystup
lasery

vystupni
vazebni

Llen
GEK{

polarizatni -
oplicky
izoldtor

Erbiem
dopovane
viakna

polarizatnl
kantrolér

q -
derpani

I
%

EDF: Er80-4/125 (Liekki,

L=100 cm

MFD@1550 nm: 6.5 um
NA=0.2

peak abs 21530 nm=80
cutoff” <980 nm

Finsko)

dB/m

Femtosekundovy viaknovy laser

Pulsni laser s pasivni vidovou synchronizaci
diky nelinedrnimu natéaceni polarizace.

Sitka spektra: 13 nm, ,=1561 nm
Délka pulsu: 197 fs (AT x Av =0.316)

Opakovaci frekvence: 39.68 MHz
odpovidajici perioda je 25.2 ns
a délka rezonatoru 5.14 m

vystupni wystup
vazebni laseru
Llen
=
polarizatni =
oplicky
izoldtor
Liekki Er80 4-125, price per 1m 4 583 K&
Erbiem Dolarizaélnl polarization controller OZ-optics 9464 K&
dopovane
vidkna LD @ 980nm, 300mW,
— i, Furukawa-Fitel 2002 42 588 K¢
i 2,
Serpanl < WDM 980/1550 Opneti China 1893 K&
isolator Opneti China 2011 Ke
fs vidknovy laser bez elektroniky 19 844 K¢
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Pulzni vlaknovy laser zalozeny na
modulaéni nestabilité

oS EvbOr jev modulacni nestability (MI) vznika v nelinearnim
Fabry-Perot Faaday  disperznim prostiedi — optickém vidknu
etalon PBS - mirror

1]
. NorPM branch 2550 (] spektrum: Ml se projevuje jako spontanni nardst
|solator 1060 postrannich pasem u kontinualni viny
Pump ¢asovy prubéh: M| §tépi kontinuaini signal na
Sl pulzy nebo modulovany signal
Output V telekomunikacich nezadouci jev. Viozime-li do
° o dutiny laseru s vhodnou disperzi hiebenovy filtr
006 N (F-P etalon, dvoujadrové vlakno) Ize tak ziskat
005 . vldknovy laser generujici sled pulzli s vysokou
004 0 opakovaci frekvenci
a2 7 50 % Ml laser s Fabryovym-Perotovym etalonem:
001 ©0 =107 GHz, Sitka pulsu:2 ps
7 MI laser s dvoujadrovym viaknem (TCF):
40 50 6(0['35170 80 90 1555 1560 Hmlﬂ?ss 1570 f=206 GHZ’ él,l.:ka pu|su 2.7 ps

Q-klicované vlaknové laserv

pump MMF  splice splice  MMF pump

output
A mmp pulsed

t 1 + EE— beam
FBG-HR  SM-SA (Cr*) DCF (Yb*) FBG-0OC

Fig. 2: example of linear Fabry-Perot PQS fibre laser based on the Yb3*:Cr** atomic
system. DCF: Yb**-doped ovale double-clad fibre; SM-SA: Cr**-doped singlemode
saturable absorber; MMF: pump carrying multimode fibre; FBG-HR: highly reflecting
fibre Bragg grating mirror; FBG-OC: fibre Bragg grating output coupler. Note that the
SM-SA could also be located just before the FBG-OC.

Dalsi metody pasivniho Q-kli€¢ovani:Carbon nanotubes, SESAM




Viaknové lasery s jinymi prvky vzacnych
zemin (Yb, Pr, Tm)

Yterbiem dopovany vlaknovy laser

T T =;‘ T T T 2
ol ] + Fsa

absorpce

1.03

Géinny prafez, o [10% m
=

! ¥ 2
; e, ~— Fm
0.0 L L et i o

o 1 I

. a-

850 900 950 1000 1050 1100 1150 Yb
vinova délka, A [nm]

Absorpéni a emisni spektrum yterbia v kfemenném vlakné




Praseodymem dopovanym viaknovy
zesilova€ (PDFA)
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Figure 10.16: Radiative and energy transfer processes of Prt, included in an extended
model of amplification at 1.3 pm in P>+ -doped fiber amplifiers, after reference [15]
(©1992 IEEE).

P. C. Becker, N. A. Olsson and J. R. Simpson, EDFAs: fundamentals and technology, Academic Press, San Diego, USA, 1997.
M. Karasek, "Analysis of gain dynamics in Pré*-doped fluoride fiber amplifiers", JLT 7(3):299-302, 1995.

Operating wavelengths for rare-earth doped fiber
lasers in silica and non-silica glasses
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Vysoky vykon z vlaknovych lasert -
metoda ¢erpani pres plast’

Double-clad (DC), high-power fiber lasers
cladding pumping

Cerpani pres plast

vnéjsi plast
1
vnitini plast - mnohamodovy
vinovod pro Sifeni éerpani n
—
jedovidové jadro
dopované napf. Er, Yb, Tm ... I
r

Metodou Cerpani aktivniho prostfedi pres plast je mozné transformovat vysoce
rozbihavy svazek z mnohamédovych laserovych diod s velkou vyzafovaci plochou
(typicky 100%1 um) do kvalitniho, jednomddového laserového svazku s malou divergenci.




w

Cerpani pres plast’

Vyhody:

stabilita a provozni spolehlivost, kompaktnost, malé rozméry,
vyborna modova kvalita vystupniho svazku

nizka cena & vysoky vykon

Problémy:

nestandardni vlakna: optimalizace absorpce Cerpani a zplsob navazani zareni do
vlakna vyzaduje specificky navrh DC-vlakna =

problémy pfi vyrobé a napojovani vliaken, mensi vybér viaknovych komponent

Hledani optimalniho priirezu

» Kruhovy prurez — standardni tvar optickych viaken

Kosé paprsky Meridianoveé paprsky
Sroubovita trajektorie Trajektorie v roviné osy

v projekci obecné vlakna

neuzavieny

mnohouhelnik

[Doya01] V. Doya, O. Legrand and F. Mortessagne, "Optimized absorption in a chaotic double-clad
fiber amplifier", Opt. Lett., 26(12):872-874, 2001.

[Leproux01] P. Leproux, S. Février, V. Doya, P. Roy and D. Pagnoux, Modeling and Optimization of
Double-Clad Fiber Amplifiers Using Chaotic Propagation of the Pump, Optical Fiber
Technology, 7(4):324-339, 2001




Hledani optimalniho pruirezu

Optimalni prarez je takovy,
ktery zajisti homogenni (konstantni) utlum €erpani podél viakna.

* vlnova optika:
statisticky rovhomérné rozlozeni intenzity pole v kazdém bodé podél vidkna

» paprskova optika:

90

o
i

Uhel odrazu, ¢ [°]
w
o

o

"chaotické"
Sifeni paprsku:
zaplnény fazovy diagram s, Q.

0 200 400 600
poloha odrazu, s [um]

Zkoseny kruh: "D-tvar" vlakna

A. tloustka vilaknad >R

d=15xR

Uhel odrazu, o [°]
S

o

200 400 600
poloha odrazu, s [um]

splnuje podminky chaotického Sireni

10



Zkoseny kruh: "D-tvar” vliakna

B. tloustka vlaknad <R

o
o
i

(o7}
o
i

uhel odrazu, o [°]
)] F=3
e . 9

0 200 200 600
poloha odrazu, s [um]

nespliiuje podminky chaotického Sifeni

Ovérené optimalni prurezy

2x zkoseny kruh  zkoseny "stadion" "kyticka"
obdélnik

olaflols

splnuji podminky chaotického Sireni

11



DalSi optimalizace absorpce

o 62 30 a? % 1 20 30  40?

(@) (b)

Fig. 3. (a) Efficiency # of absorption of the pump light in the
core versus Z = Kgz. Upper dashed curve, case of ideal mixing
[estimate by Eq. (9)]; dotted curve, simulation of spiral cladding
with displaced core; intermediate dashed curve, the analytical
estimate by formula (10); upper solid curve, numerical simula-
tion for the same case; vertical bars, simulation for the starlike
cross section; circles, simulation for spiral cladding with centered
core; lowest solid curve, simulation for circular-symmetric case;
lowest dashed curve, analytical estimation for the same case ac-
cording to Eq. 111). (b) Efficiency of absorption of the pump light
in the core of the offset-spiral double-clad fiber at A
= 0.005 « 7!, bars; 0.01 u7%, dots; 0.02 u ! small circles; 0.04
#71, large circles; versus dimensionless Z.

9

Nideat = 1 — QXP{*Z

Spiralni tvar plasté
s jadrem blizko zlomu

D. Kouznetsov and J. V. Moloney, "Efficiency of pump absorption
in double-clad fiber amplifiers. II. Broken circular symmetry,"
J. Opt. Soc. Am. B 19, 1259-1263 (2002)

. Dritsas, T. Sun and K. T. V. Grattan, "Stochastic optimization of
conventional and holey double-clad fibres",
J. Opt. A: Pure Appl. Opt. 9:405-421,2007.

Vazba zareni z ¢erpaci laserové diody
nebo pole diod do mnohovidového viakna

12



Parametr kvality svazku: BPP

Beam Parameter Product: BPP=wx6 [mm mrad]
W ... polomér svazku v kréku
0 ... polovi¢ni uhel divergence svazku méfeny ve vzdaleném poli

¢im vétsi BPP, tim méné kvalitni svazek 1000

pro Gaussovsky svazek plati

Gzi =
W

100

0,

lasers lamp-pumped

Nd:YAG lasers

Nl s
BPP= 4/7=0.339 @ 1064 nm i

thin disk
Yb:YAG lasers

beam parameter product (mm mrad)
=]

1 10 100 1000 10000
M’ beam quality factor

Parametr kvality svazku: M2-faktor

. , BPP BPP
Definice: M =——=—
Al BPPg
Divergenci svazku pak , A
Ize vyjadfit; f=M"—

T W

M2 faktor urcuje:
* na jak malou plosku je mozné pfislusnou optikou fokuzovat svazek
- spolu s vykonem uréuje jas (resp. zafivost) svazku [W/m?2/Sr]

Pro nesymetrické svazky (napf. pole LD) je M2 faktor v kazdé ose jiny

13



Diode Laser Pump Sources

Wavelength options:
380-nm — 480nm — Pr3*

GaN —

GalnP, AlGalnP — 640nm — 680nm — Cr:LiCAF, Cr:LiSAF
AlGaAs, GaAs —  780nm — 860nm — Nd*', Tm3*

InGaAs —  900nm — 980nm — YDb3, Er¥
InGaAsP/InP — 1.47um— 1.6pym — Er¥*

InGaAsP — 1.8um—1.96pm — Ho®

Diode laser types:

(a) Single-stripe (single-mode) diode lasers
Emitter size ~lpm x few pm
Beam divergence (FWHM): 6 = 25° 30° (perpendicular to junction) and
0, = 7° (parallel to junction)
MJ=M2=1
Max. cw output power ~0.5 — 0.8W (limited by catastrophic failure)

(b) Broad area diode lasers
Emitter size ~1pum * ~100pm
Beam divergence (FWHM): ny 25°-30°and 0, ~ 8°
M *=1and M *~15-20
Max. cw output power ~ 7 - 8W

(c) Diode-bars
Emitting region ~1pm x 10mm
Beam divergence (FWHM): Gyt 25°-30°
and 6, = 6°- 9°
M= 1 and M_*~ 1300-1800
Max. ew output power ~ 40-120W

]L
s
]
|
v
| o]
]
gREEIE
Fm—
'

(d) Diode-stacks
Emitter region ~ N x bar spacing x 10mm
Beam divergence (FWHM): ny 25°-30°and B, = 9°
M, 2= [(N-1) x bar spacing/emitter height] + 1
and M2~ 1300-1800
Max. cw output power ~ 40-120W x N

i

4.‘ i

14



Main requirements for efficient pump coupling:
Selection of appropriate diode pump laser(s)
Pump light collection and aperture filling

Re-formatting of the beam using a “Beam - Shaper” to roughly equalise the
M? parameters in orthogonal planes preferably without decreasing
the brightness

Beam shaping

T r 1
M 2>> M 2
™ ” M= M2 (MM, 200

4. Scheme for launching into fiber

Signal powes (W4

5. Management of stray pump light
- y I 4 ”
Yterbiem dopovany viaknovy laser
W @1 1 [ HR @1 1
Diode stack Dwoce stack
O7S nm, 0.6 kW 1 ,"’ 4 QaTS nm, 1.2 kW
(S |57 RS, opwcs W'E
Fiz 1. YDFL experimental amrangement with two diode-stack pump sources.
HR: high reflectivity, HT: high ransmission
14

®  Measured
Linear bt P

Slope effciency B1%

Y. Jeong, J. Sahu, D. Payne, and J. Nilsson,
Fig. 2. (a) Fiber laser output power vs. lunched pungp power. (b) Laser oupur "Ytterbium-doped large-core fiber laser with
spectrum at full power 1.36 kW continuous-wave output power,"
Opt. Express 12, 6088-6092 (2004)

15



Metody napojeni zareni signalu a €erpani do
jednoho dvouplast'ového viakna

Zpusoby navazani zareni do vlakna

coupling
pump optics double-clad

a) pfimé navazani objemovymi prvky laser rare-earth doped fiber

diode
Casto vyuZivané v laboratorich, nutnost nastavovani E,"*-yj ,/_/\)_@_'
~ /lfl =

pump

b) svazek vlaken obsahujici signalové vlakno a
Cerpaci vlakno(a), napf. svafovany vazebni &len

E
Tapered multimode-fiber coupler: Gapontsev V. P. et al., CLEO'96 (1996), 205. =] AV
Star coupler: DiGiovanni D. J., U.S. Patent 5 864 644 (1999).
GTWave fiber: Grudinin A. B. et al., CLEO'99 (1999) CPD26.

- L. - |
C) stranové cerpani [ % ]
V-groove pumping: Goldberg L., El. Lett., 33 (1997) 2127. L)
Grating or prism coupling: Weber T. et al., Optics Comm., 115 (1995) 99.
Embedded-mirror side-pumping: Koplow J. P., JQE 39, (2003) 529.
Angle-polished fibers: Larsen J. J., Opt. Lett. 29 (2004) 436. I\:[I

16



Zpusoby navazani zareni do vlakna

typ B) Lucent Technologies: "Star coupler"
D. J. DiGiovanni, U.S. patent #5,864,644.

: —

";;”:;}' svafeny p zesileny
svazek Pokryv polymerem vystupni
vldken $ nizsim indexem lomu signal

Zpusoby navazani zareni do vlakna - IPG

broad-area broad-area
multimode multimode

collimated

HR multimode  cladding-pumped  multimode
(R>20 dB) ., coupler active fiber coupler

jedno z moznjich feeni: protazeny svazek  svazek viaken
vlaken "taper” Vi
aktivni jadro  svar / =
Y

cerpani z LD
navazané do

MM vidkna
A——

nitfni plast
vnéjsi plast
6 Cerpacich vidken

__ kolem 1 viakna
s jadrem

17



Zpusoby navazani zareni do vlakna

« typC) boéni €erpani V-drazkou
. V-groove side pumping (VSP)

V-drazka  IVOuRESTOve

o — e

f“l substrat

[Goldberg97] L. Goldberg, B. Cole and E.
Snitzer, "V-groove side-pumped 1.5 um fibre
amplifier", Electronics Lett., 33(25):2127-
2129, 1997.

_._,,__
-
B

= — [Dominic99] V. Dominic et al., "110W fibre
i ol laser", Electronics Lett., 35(14):1158-1160,
mikrococka \ , 500
7
Pole
Cerpacich + Keopsys (Francie), SDL, IMRA
diod (USA)

Zpusoby navazani zareni do vlakna

double-clad fiber
of tailored
cross section polymer coating
(outer cladding)

multimode fiber

pump splice

Sh

si?n'al/T'"-_ ‘ir \

standard inner cladding for rare-earth
single-mode fiber propagation doped core
of the pump

Pozadavky na tvar prarezu DC vlakna:

1. je co nejvice podobny priifezu dvou vstupnich vlaken pro usnadnéni svaru
2. zajist'uje optimalni absorpci €erpani podél viakna (chaotické trajektorie
paprsku)

18



Priprava dvouplast'ového viakna

Tomografické zobrazeni prifezu a
profilu indexu lomu typické preformy

aoon] s
a0
.I

0

vybrany tvar prifezu "stadion"

Realizace v praxi: spojeni dvou
preforem zbrousenych po stranach

 ximm]

mikroskopicka fotografie ¢ela DC vlakna

Sifeni ¢erpani ve vnitfnim plasti

Pump intensity along the DC fiber, section x=0 um Pump absorption
along the DC fiber

Permaiized Pumg Powse

Propagation axis, z [mm]

z=0 mm z=2.5 mm z=5 mm z=100 mm

Ky Xl X i)

Calculated by 3D beam propagation method, OlymplOs C2V software

19



Limity vystupniho vykonu
kontinualnich viaknovych laseru

Power scaling limits of continuos wave YDFL

20
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Plastém cerpané viaknové lasery

224
2.04 2 KW, Yb (IPG) #,
1.8
1.6
1.5 KW, Yb (Jena)

1.4]

1.4 KW, Yb (ORC) #
124 1.2 KW, Yb (ORC)#
1.0

0.8 KW, Yb
0.8+ (Dual-ended output)
0.6 610 W, Yb (ORC
ia 485 W, Nd(Ybe, ’.{“OD NN ¥

i 280 W, JAC

0.2 110w, vi **~ vb PCF
P 135w, b Year

T T T T T T T T T
1986 1867 1998 1988 2000 2001 2002 2003 2004 2005

Pokroky ve zvySovani vystupniho vykonu

jednomdédovych Yb-vlaknovych laser(

emitujicich @1.1 um.

J. Nilsson, OAA'05, Budapest, August 7-10, 2005

Yiterbium
Fiber Lasers

Erbiurm Thulium

THW - Nov 02
CTKW-Nv 02 c\orLasers Fiber Lasers

106112 um 154162 um 1722

DalSi dostupné vinové délky
vykonovych vldknovych laser( a jejich
maximalni dosazeny vystupni vykon.
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Plastém €erpané vliaknové lasery

224
2.04 2 KW, Yb (IPG) #,
1.8
1.6
1.5 KW, Yb (Jena)

1.4]

1.4 KW, Yb (ORC) #
124 1.2 KW, Yb (ORC)#
1.0

0.8 KW, Yb
0.8+ (Dual-ended output)
0.6 610 W, Yb (ORC
it 485 W, Nd/Ybe, ’.{‘“}U Lelil

i 280 W, JAC

0.2 ] * b pPCF
P 135w, vp  Year

T T T T T T T T T
1986 1867 1998 1988 2000 2001 2002 2003 2004 2005

Pokroky ve zvySovani vystupniho vykonu

jednomdédovych Yb-vlaknovych lasert

emitujicich @1.1 um.

J. Nilsson, OAA'05, Budapest, August 7-10, 2005

Kam az poroste vystupni
vykon?

Jaké jsou limity Yb
vlaknovych lasert?

21



ZvysSovani vykonu a zarivosti (jasu)

spojovanim svazku

Power and brightness scaling via beam combination

Introduction

Scaling the output power and radiance beyvond the upper limit for a single fiber core
can be achieved via the use of multiple fiber sources or a multi-core fiber source
and beam combining'. Beam combining schemes fall into one of two categories:

(a) Incoherent beam combining:

Spatial beam combining

sl

N sources

11
1]

—>

— .

L)
¥
] w—>

—>

C

Far-field beam divergence of array = 6,
Far-field beam divergence of single element =

No phase relationship between elements — 8, =6,

. mwl, ,  TNdS,
M; = =y and M, = =
—+ P =NP,
— A W
— ==
B, d N6

Py = power of a single element. P, = power of array. By = brightness of
a single element, B, = brightness of array and ngy is the fill-factor
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+ Simple and robust way to scale output power, but brightness cannot exceed the brightness of
a single element

Examples:

(a) Multi-fiber sources

w
It Multimod
array of high power Q — DARHmOCe
(iber sources dI delivery fiber
— Muln-kilowatt power levels
7 are achievable’
Coll k \ .
M e Focussing [2] V. Gapontsev, www.|PGphotonics.com
lens
(b) Multi-core fiber sources
HT @ §T6nm F1=20mm F2=20mm
HiR@ 1040nm,
rem— \ |
Pump in at [, - .
976nm QLN '\/l;;‘ m\ﬁ? ; D [l
\\ M} o
Canmr i)' A4 Yh-doped nmlti-core

ribbon fiber?
— Output power > 320W demonstrated (limitad by pump power)?

Polarization beam combining

Q

4

B, =2n.B,

where 11, 1s the combining efficiency, which takes

| into account loss and misalignment

‘Wavelength beam combining

Dichroic mirrors

A _®_ / JM#% or Ay Q
9 4
Ry

Diffraction graing
or prism

A+,

B, =Nn B,
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Example: Pump

Grating

Common output coup ler ensures

Pump that beams at different wavelengths
N fiber sources sharing Laser are all incident on the grating at the
a common external cavity same angle @
output
Output
Mt dy coupler

Spacing between 1 and N fiber cores = d, grating period = A, spacing of adjacent cores = s
Wavelength for i fiber laser: A, =A(sin 8; + sin ¢) and dispersion of grating: d6/di = 1/(Acos 6)
— Wavelength spread for fiber laser array: AA, = Ad[(cos 8)/f] < Ak

where Ak, is the gain bandwidth for the transition and can be quite large (>100nm) in a glass host

Vyuziti vlaknovych laseru

¢ optické komunikace:
e zdroje signalu
e vlaknové zesilovace
e testovani optickych komponent
e méfeni chromatické disperze

zdroje pro Ramanovskou spektroskopii

aplikace v mediciné

zpracovani materialu (fezani, svareni, znackovani ...)
LIDAR — Light Detection And Ranging

* & o o
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Slunce: Optické vilakno:

teplota slune¢niho povrchu: 5780 K pfi optickém vykonu 1 W v optickém
Stefan-Boltzmann(v zakon: vlakné —
I=cT4 [W/m?] —
intenzita svétla v jadfe optického
Intenzita svétla na slune¢nim povrchu: vlakna: 12.7 GW/m2
I= 63 MW/m? cca 200 x vice nez na Slunci

utlum optického viakna:
0,16 dB/km, tj. ztrata 3,6%
pfenaSeného vykonu na 1 km viakna

pfi uplné absorpci v materialu tloustky 1 mm je materialza1 s
teoreticky ohfat o AT=AQ/(c:-m)=3.6 milionu K — odpafovani materialu, fezani
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