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Mnyn aktwoBoliac Nélep

(LASER: Light Amplification by the Stimulated Emission of Radiation)

e H aktwvoPoAia Aéllep apayeTal AOYw £EQAVOYKOOUEVNG EKTTOUTTING PWTOVIWY
O€ EVOL EVEPYO UEoo (aEPLO, UYPO N OTEPED) TO omoio Oleyeipetal (avtAeital)
OTTTLKWC 1N NAEKTPLKWE EVTOC OTITLKNC KOLAOTNTOLC.

e Eva A€lep KATOOKEVALETOL UE TNV TOTIOOETNON TOU EVEPYOU HEGOU PETAEY
2 KaTtomtpwyv (kotkdtnta), N anootacn PeTaéL Twv omoiwv (ouvnBwc) eival
OKEPALO TTOAAQTIAAGLO TOU HLOOU-UNKOUC KUUOTOC TNC akTlvoBoAiac.

AvtAnon

-

| Evepyo UALKO I d=nA/2, n=1,2,3...
< d >
Kuplotepa XapaktnpLloTika Tou AElep
1. KatevBuvikotnta dnA. n pkpn amokAlon tng 6éoung. Emewdn (cuvnBwg) n
aktvoBoAia mnyalel amno pla oAU KoAd EVBUYPAULOUEVN KOLAOTNTA .
2. Movoypwpuatikotnta: MoAl KaAd mpoodLloplopUEVO PAKOG KUUOTOC.
3. YUnAn évrtaon (Loxug) 6nA moAAd pwtovia ava povada emipavelac ava
XpOvo.
4. Tupdwvia (Coherence) SnA. 0Aa ta KUpOTA TwWV GWTOVIWV TTIOU EKTTEUTTOVTOLL
EXOouv tnVv ola paon




lotopika otolyeia

e 1917 - Einstein suggested possibility of stimulated emission.

e 1958 - Shawlow and Townes outlined conditions needed to amplify
stimulated emission of visible light waves.

e 1960 - Maiman made first ruby laser, with light output at 694 nm.
e 1961 - Javan constructed the HeNe-laser.
e 1962 - Hall et al. discover the GaAs semiconductor laser.
* 1963 - Patel obtained laser action in CO.,.
e 1964 - Geusic and Marcos build the first Nd:YAG laser
- Bridges obtained laser action in Argon-lons. (Ar* laser)
e 1970 - Basov demonstrated the first excimer laser (Xe,).
e 1975 - Ewing and Brau reported laser action on KrF an XeCl.
e 1985 - Matthews and Rosen demonstrated first x-ray laser

e 2001 - Papadogiannis, Charalambidis produce attosecond laser pulses



To mpwrto laser Ruby Laser: Cr*3:Al,0,

Theodor H. Maiman : 1960, Nature, 187, 493
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Fig. 2.1. The first experimental set-up of the ruby laser according to Maiman. The ruby rod
in the middle is surrounded by a flashlamp in form of a spiral.



Baowkr) tpoiindBeon ywa Spdon Aélep: Avaotpowr mAnduouou

OnA. Ba PETMEL PE KATIOLO TPOTIO VAL EXOUME PeYaAUTEPO TTANBUOUO ot SleyepUEVN
KOTALOTOLON CUYKPLTLKA UE TN BAOLKN).

H avaotpodr mAnBucopou amattel evépyeta (avtAnon).

Autn n AvtAnon entuyxavetal eite pe pwtovia (omtikn avtAnon) ite pe
nAektpovia (NAekTpLKi AvtAnon).
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Zuotnpata NEwlep

2TNV mpaén avaotpodr MANBUCHWY KL - WC ATIOTEAECHA AUTAG - Spdon AELlep,
glvall epIkTo va enttevxBel o cuotrpata tpwwv (3) N tecocdpwv (4) erumedwv.
AEN ewal ekt n mapatipnon dpaong Aéwlep o cuotnpa dvo (2) eTumedwv
(Na attiohoynoete)

emineda avrinong emimeda avrinong

- peTanTmon

peETATTOG
oeyeppévo

oeyeppévo
EMiNEDO EMIMED0
avtinon avtinon l dpaon Ailep

oeyeppévo
EMITEDO

opaon Aélep
peTdnTmon

Oeperer®ong
KOTdoToon Ogperer®ong katdoTaon

Aélep 3 emmES @V Aélep 4 emmES OV

Baolkég Slepyaoieg otn Aettovpyia twv AEwlep

Antoppodnon aktwvoPBoliag - Ateyepon (a): A+ hv > A* B, 12>

AuBopuntn anodiéyepon (b) : A* > A+ hv Ay al bl ¢

A*+hv > A+2hv B,

E€avaykaouévn amodiéyepon (c) :
Juvteleotéc Einstein



Mapadeyua : To Aétlep Atoéetdiov tov Avdpaka (CO, laser)
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Mapadeyua : To Aéwlep Aoéetdiov tov Avdpaka (CO, laser)
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Bagika gToixeia KIVATIKNC aTTAWVY OIEQYATIWY

(a) Taxutnta =
KAion epanTtopévng

Aigpyaoia 11 Ta€NE

A—P

-dA/dt =KA => ... =>A, = A, e
P,= A, (1-e™

Aigpyaoia 21 Tagne / weudo-11S 1aéne
A+Q—P Q>>A —
-dA/dt = KkoAQ = KoQA =K A=> ... => A= Aope'li’t
[TapaAAnAec digpyaaoieg 11 TaENG

A— P, -dA/dt = (K +K)A => ... => A, = A, e

[papOOpIaKE CUYKEVTPWON, [J]

Avtidpwv

(B) Taxutnta =
— KAion e@panTopévng

A—P, k = ky+k, P, = ﬁAO (1-e'+)



KivnTikn Oswpnon tou N. Beer 6T HOVOQWTOVIKN aTTOPPOPNON

MovodwTtovikn armoppodnon
OswpoL e TN Slepyaocio we avtidpaon tou atopou/popiou A pe éva
dwTovLIo pe cuvteeotn Taxvtntog avtidpaonc k, kat avaypadoupe
TO VOUO TNG TaXUTNTOC Yol TN LETABOAN TNG TUKVOTNTOAC TWV
dwToviwv.
A + (hv) > A*
dn/dt=-k Nn => dn(hv) = - KN n(hv) dt

=> cdn(hv) =- (k/c) N [c n(hv)] c dt

=> dl=-(k/c)Nldx=-o N Idx

=> 1(x) = 1(x=0) exp(- o N x) : N. Beer
N: aplOu. mukvotnta anoppodntn A (atopou, popiou)
n: aplOu. mukvotTnTa dwToViwv
|: €vtaon (pon toxvoc) aktwvoBoAiac (W/cm?)
0 (04,): evepyog datopn anoppodnong (cm?/pnopLo)



MeTaaoeig METACU EVEPYEIOKWY ETTITTEOWV
(ouvteAeoTeg Einstein)

@6\2\&\ QOQ\)\)Q‘\ 2uvreAeoréc Einstein : By, B,q, A,

|2> P = p(v) : [lukvornta 1ocxuo¢ aktivoBoliag

N,, N, : mAnBuouoi (cm3) emmédwyv 1 kai 2

PuBuog SLéyeponc - amoppodnong (A, +hv > A))  wq, = B1o,pNy

PuBuoc e€avaykaopevne amodLleyepong
(A2+hV$A1+2hV) Wrq1 = BleNz

PUBLOG auBBpUNTNG amobiéyepong (A, > A, +hv)  w,, = A, N,

dN,

PuBpog petafoing mAnBuopuou A; (N,) o —B, N, +B,,oN, + A,,N,



MeTaaoeig METACU EVEPYEIOKWY ETTITTEOWV
(ouvteAeoTeg Einstein)

e o SN Suvredearéc Einstein : By, By, Ay
\ Q

|2> P = p(v) : [lukvornta 1ocxuo¢ aktivoBoliag

» \ \w AE=E,-E = hv

N,, N, : mAnBuouoi (cm3) emmédwyv 1 kai 2

1> B,.p B,,p A,
, . dN, dN,
2TnV 1coppoTria (A, Ay, p) : — T 0= -B,oN,+B, oN,+ A, N, =0
katavour Boltzmann (Bepuikn 1coppoTria) : — N, _9% o ~AE/KT _ &e—hvlkT
N, 9 9, Nopog
N /B /B Planck
IO(V) — A21 2 _ A21 21 A21 21 3

B,N, =B, N, ) (B, /By )(N; /N,) -1 B (B, / le)(gllgz)th/kT -1

; 8zhv” g | fy, I J
Bzhy Ay = B, B,==%B, ="

(th/kT _1) C3 gl 6goh2

Nopo¢ Planck  o(v,T) = =




Avaotpodn mAnBucpov (Population inversion) < Evioxvon (Gain)

< L > I
H Evepyé viko 2>

) d > Mo pia TAREN a,I bl Cl
' _ SIa5pop
Nopog Beer : dl (X) = —| (X)adX — | = |Oe a2 oOlaopoun atnv

koIAdTNTa (0, 2d)) 1>
Av a<0 (apvntikA (!) aroppd@nan) TOTE £XOUNE Evioxuan akTivoBoAiag (gain) atnv KOIAGTNTA

a, b, ¢ : amAA kivnTIKA Bewpnaon Tou cuCTAUATOC U0 ETTITTEOWV

%:_Blznthl"' B,nh N, + A;N, = (B, = 0y, hi’ | = pC, p=nhv)
| 4
dn g dl
ahv:_alzl(Nl__i N2)3&=—012|(N1—g—2|\|2)
g, d, [a va ioxtela <0 amaireitar g4N,>g,N,
1, (N, _g_2 N,)=a a<0=N,> 9—1 N, OnA. ANAXTPOQH NAHOYZMQN

Ecwpwvtag B (cm™), ouvieAeaTh) aTTWAEIWY EVTOC TNS KOIAGTNTAC TTPOKUTTTE! :

I, =1, e/ =17 =a2L+y<0=>AN, .4 = y

2Loy,
Apdon AEiCep euvoeital o€ KOIANOTNTEC UE XAUNAEC ATTWAEIEC, 13



Xapaktnpiotika aktivoBoAiac Agwlep

KateuBuvrtikotnta (Directionality)

0 : X 2
AQ(steradians) =~ Y ~ (A6)

|

Awatopn 6éoung : A (mm?)

Qc amotéAeopa Twv AAAENAAANAWY AVOKAACEWV HUETAEY TWV KATOTITPWY TNG
KOLAOTNTOG N EVIOXUOUEVN akTvoBoAia ival ekeivn tou dtadidetal kata URKog
Tou aéova tnE KolAoTNTaC.

Kata cuvenela n mpokuntovoa 6éopn AEwlep xapaktnpiletal ano vPnAn
katevBuvtikotnta (highly collimated beam) kot w¢ ek ToUTOU EMITPEMEL TN
Sdtadoon TN akToBoALlag e eAdxLotn amokALon yia LOLALTEPO LEYAAEG
QMTOOTAOELC.

To aitio yla tnv amokAton aro tnv LOaVIKN CUyypauuLKoTNTA Eival n mepiGAaon.

Aoknon

Na nipoodlopioste tn datour) S€ouncg Acwlep, pnkouc kKupatog A =500 nm, o€
arootaon 1 km armo to Aéwlep av otnv £€€060 TNC KOWAOTNTOC N OLAUETPOC TNG
deoung eiva d =5 mm.

14



Xapaktnpiotika aktivoBoAiac Agwlep

Movoyxpwuatikotnta (Monochromaticity)

Av Kat Aoyw tn¢ apxnc tne aBeBatotntacg dev eival epikto va tapaxBel Llbavikwg
LLOVO-XpwHaTIKA aktvoBoAia, ol mnyEg A€wlep mapayouv UPNARC GACUATIKAG
«koBapotntac» aktvoBoAla.

2TO OPATO, TUTILKEC TLUEC ouXVOTNTAC €lval : v = 5x10% Hz

TuTilkO PoopaTIKO eVPOC AELep : Av = 1x102% Hz

Me €LOLIKEC TEXVIKEC ETTLTUYXAVETAL LEXPL AV = 1 Hz

Movoxpwpatikotnta : Av/v = 2x1013

Kevtpko poAo otnv eniteuén uPnAnc povoxpwHaTIKOTNTAC tailel To Ao
EVLOYXUONG TOU EVEPYOU UALKOU yla T CUYKEKPLUEVN HeTAPaon AEwlep (gain
profile) kal ot puBpuol Tng KolAoTNTAC.

Aoknon

Na avalntnoste mAnpodoplec yia 2-3 epmoplkwe dtabopa AELlep Kal va
avadepete TIC tpodlaypadec toug ocov adopa to dacuaTtiko evpoc (bandwidth)
TNG EKETIEUTIOUEVNC OKTLVOBOALAC. Na UTTOAOYLOETE XAPAKTNPLOTIKES TLUEC Av/ V.

15



Xapaktnpiotika aktivoBoliac Awlsp

Awaunkeic puduoi (longitudinal modes) tn¢ kotAotntac tou A€wlep

C C

EvepyO UALKO I nfodonSodoy=n o
Py | >y >

< d > C
Av=v(n+1)—v(n)=—
v=v(n+1)-v(n) ¥

M.x. Eavd=15cm tote Av=10°Hz =1 GHz

H petaBaon petaéy twv (Vo) emmeédwv mou eumAEkovTaL
otnv 6paon tou Aélep €xeL Eva PaoHATIKO EVPOC (gain
profile) to omoio pooblopiletal amod Ta XoUPAKTNPLOTIKA KoL
TN ouvoAlkn StarmAdtuvon Twv U0 KATAOTACEWV.

O aplBuoC Twv SLapNKwV puBpWV TNG KOW\OTNTOC, TTIOU
gvioyvovtal Kal ouvelopEpouv otn dpaon AELlep eupilokovTal
OVOLYKOLOTLKA EVTOC TOU PACHATIKOU EVPOUC TNG LETATTTWONG
ToU AELlED.

Apaon
AEWep

AV
<>

A AC R,




Xapaktnpiotika aktivoBoAiac Agwlep

Awaunkeic puduoi (longitudinal modes) tn¢ kotAotntag tou Alep

AplOunTtiko mapadeyua

Eotw petdapfoon Aéwlep o€ A = 300 nm og KolhotnTta pRkouc d = 50 cm.
H kol\otnta neptéxet mepimouv n = 2d/A = (1/3)x107 pikn kOpatog (300 nm)

Mode spacing: Av =c¢/2d = 3x10%° cms1/2x50 cm = 3x108 Hz = 0.3 GHz
A=300nm &> v=c/A=1x10" Hz
AV = (Av/c) =1/2d =0.01 cm™!
A=300nm & v =c/A=33333cm™?

O enopevoc puBUOC TTov uTtooTnpilleTal amo TNV Kootnta epdaviletol o
KupatapBpo: v (+1)=33333.01cm?t &> A=300,003 nm

OL puBpol mou utooTNPLlEL pLo TUTILKA KOLAOTNTA £XOUV TIOAU TIAPATIANOLEC TLMEC A
(AN =A/n=MA?/2d).

[Molec elvall OL CUVETIELEC TNC EYYUTNTOC TWV CUXVOTATWVY TWV PUOUWV HLLOC
KOLAOTNTOC?



Xapaktnpiotika aktivoBoAiac Agwlep

Awaunkeic puduoi (longitudinal modes) tn¢ kotAotntag tou Alep
kolhotnta ~0.1 mm
MeBavoAlkd SLAAupa TNG OPYAVLKAG

Ekmeunopevn aktivoBoAia XpWOTKAC R101 (PoSaypivn 101)

TOTOOETNUEVO PETAEL 2 YUAAWVWY
rmAakLSiwv (Loobduvapel pe kuperida
Ay = L eon A e O):[TLKOU dpopou ~ d) av’thsttat LE TLAALKO
2d AEwlep Nd:YAG mou ekmepmnel ota 532 nm pe
) T amoteAeopa va Ttapatnpeital Spacn AEWep
AL ~ CAv _ A Av o Qo TN XPWOTLKA 0TV TtepLloxn Twv 600 nm
V2 c oot LLE XAPOKTNPLOTIKOUC SLAUAKELS pUBUOUC pE
22 ?6 [ 1 6A=1,37 nm.
AL = ol Na nipoodloploBel n avtiotowxn T tou dv
2d St KaBwc kal n otk dtadpoun tng
S . . . Kol\otntag, d.
580 600 620
Wavelength (nm)
] A C,HHN _~_0 NHC,H,}Cl"
3 (*‘ ‘\“\‘ J\ ‘\ ]
AM=1.37nm g I, | II ji:/(
% I \I\L j\‘\j‘\\‘(\\,‘“\jﬂ \lw“w\w‘ \A« A M ] ~ - CH
3 . ‘;‘wk‘;‘”kj Tl VY Y U ‘W“ L\ *\”‘«“ \ M\'\ A H 3C 3
O wdmlm)"x/.‘w‘ o ! W. W:W,._ o COOCZ H3

585 590 595 600 605 610 |
Wavelength (nm) Y



Xapaktnpiotika aktivoBoliac Awlsp

Eykapotiot puduoi (transverse modes) tn¢ kotAotntag tou Alep

H kolAotnta tou Aflep dpavtalel oav Eva tplodlaotato nnyadt (ppeatio)

AUOo amo auTeC TG StaoTtdoelg sival kaBetec otnv dltevBuvon dtadoonc Tou PwWTOC
KOLL N KOTAVOUN TNG EVIAoNG EPLYPADETAL PE TOUG EYKapaotous tporous (TEM )
orou m kalt / eival o aplBUoC Twv KOUPBLKWY ETUITESWV O0TNV KATAKOPUPN Kal KoL
opl{ovtia dtevBuvon avtloToliYwC.

OLAUoeLc Tou dbLactatov ocwpatdiov o PPeATLO EIVOL YVWOTEC

Tn(x):ﬁsin anzX :

\anny (X’ y) = \an (X)\Pny (y)

10 10 10 10
8 8 8 8
26 2 s L6 26
- I = I
[} @ 2 @
3 3 < 3
< < < <
> > > >
4 4 4 4
2 2 2 2 9
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
X Axis Title X Axis Title X Axis Title X Axis Title



Xapaktnpiotika aktivoBoAiac Agwlep

Zuupwvia (Coherence)

H ocupdwvia pacg Seouncg A€lep umtodNAWVEL To OTL TaL KU LT
NAEKTPOMAYVNTLKAC akTlvoBoAiac euplokovtal o paon.

AN\ e€alLtiog Tou MEMEPACUEVOU PACHATIKOU VpoUC Av, ol SLadopeTLKOU
LAKOUC KUUOTOC CUVLOTWOEG TNG 6€0UNG AELlEP TEALKA KATAARYOUV VAL
TOAQVTWVOVTOL EKTOC paoncC.

MNpodavwc vPnAn LovoXPWHATIKOTNTA SEOUNG ouvenayetal uPnAn cupdwvia.

Xpovikn cupdwvia : O xpovog, T, 0 onolog pecolafel etoL wote Vo H/M
KOpata pe Stadpopd ouxvotntac Av va EABouv eKTOC dAonC KaTa Eval TTARPN
KUKAO.

Xpovog oupdwviag (coherence time) : T, = 1/AV
H xpovikn cupdwvia ekppaletal kol pe faon to:

Mnkog cupdwviag (coherence length) : Bc =A2/AA

Xwpkn cupdwvia (spatial coherence) : Ekdppalel tn cupdpwvia o pLd KABETN
Sdtatoun tng 6éounc.

Aoknon

Na urtoAoyiloeTe To UNKo¢ cupdwviag TG Kitpvng ypappng touv Na, Bewpwvtag

StamAdatuvon Doppler kot va To cuykpiveTe pe To avtiotolyo evog Aéllep He-Ne. 20



Xapaktnpiotika aktivoBoAiac Agwlep

Naunpotnta (Brightness), loxuc (Power), Evépyewa (Energy)

loxUc aktwoBoAiac (Radiant Power): P (W)

Radiance : L=P /A AQ (W/cm? sr) A : Statopn mNYNAC
Mukvotnta evépyelacg (Radiant energy density) : p (J/m3)

daopatiki ukvotnta oxvog (Spectral power density): P(v) (W/Hz)
Aapnpoétnta (Brightness) : B, = P(v) /A AQ Av (W/cm? sr Hz)

doaopoartikd évtaon (Intensity) : 1(v) = P(v) /A Av  (W/cm? Hz)

HAloc : B(580 nm; 5800 K) = 1,5x1012 W/cm? sr Hz
NéWep He-Ne, P=1 mW  B(632,8 nm; Av=1x10%Hz) = 25 W/cm? sr Hz

Evépyeta maApoU Aéwlep (pulse energy) : E = [P(t)dt (J)
loxUc aApov (Peak power) : P = E/AT AT : XpOVIKO €upog taApol (FWHM)

Porj oxvoc (Irradiance, Power density) : | = P/A Acknon ,
Na eniBeBalwwoete T

Porj evépyelag (Energy density) : F = E/A OTTOTENEGILOL TV AVOTEPW
A : Slatopn aktwvoBoloUpevng emupavelag UTTOAOYLOMWY TwV TiHwv B,. 21




TUmol A€wlep

Aeplwv (Gas lasers)

Yypwv /xpwoTtikéc (Dye lasers)

Ytepedc kataotaong (Solid state lasers)
Hutlaywywv (Semiconductor diode lasers)
Xnuika laser (Chemical lasers)
Xpwpatikwyv kEvipwv (Color center lasers)

EAeuBEpwv nAektpoviwv (Free-electron laser)

Epyaotnpikn Acdaleia kata th xpRon AEwep

210 TEAOG TwV Sladavelwv apatiBetal
TIopAPTNUA O0TO oTtoio avadEpovtal BEpata
Kall Kavoveg aodaAouc xpong AEwlep

22



EvepyO UALKO TunogKatnyopia MNKoG KOLLOTOG

F, Gas 157 nm

ArF Excimer 193 nm

KrF Excimer 248 nm

XeCl Excimer 308 nm

N, Gas 337 nm

Organic dyes Dye lasers 320 -1000 nm (tunable)

He-Cd Gas 325,42 nm

Ar *(Argon ion) Gas 275-303, 330-360, 477, 514 nm
Kr *(Krypton ion) Gas

He-Ne Gas 543, 632.8, 1150 nm

GaAlInP family Semiconductor 630-680 nm

Ti:Sapphire Solid state 680-1130 nm (tunable)

Ruby : Cr3*:Al,O, Solid state 694 nm

Alexandrite Solid state 720-800 nm (tunable)

GaAlAs family Semiconductor 750-900 nm

Nd:YAG (YAG : Y;Al.0,,) Solid state 1064 nm (harmonics: 532, 355, 266, 213 nm
InGaAsP family Semiconductor 1.2-1.6 um

HF Gas 2.6-3.0 um

co Gas 5-6pum

co, Gas 9.6, 10.6 pm

23



Ta&wvopnon Aéwlep pe Baon tnv LoXL aktwvoBoAiac e€odou

CLASS 1

CLASS 2

CLASS 2a

CLASS 3a

CLASS 3b

CLASS 4

<0.4 mW cw

«akivbuvo» av dev amocuvappoloynbei !
CD, DVD (40mW!!1)

<1 mW cw, opatr aktivoPfoAia
eTKivéuvo uTd cuvBnKkeg ouvexoUc £kBeong

<1 mW cw, opatr aktivoPfoAia
eTKivéuvo uTtO cLVONKeC eotiaong

super-market scanners

1-5mW cw

ETILKiVOUVO UTIO cuvBnKeg ouvexoUC €kBeong
deiktec laser

5- 500 mW cw
vPNANG emikvduvoTNTaG, KAUULA Apeon €kBeon
EpyaoTnPLOKA, EPEUVNTIKA laser

MNoApka kat ouvexn (>500 mW)
vPnAnNg emikivéuvotnTog
EPYOOTNPLAKA, EPEUVNTLKA, LOTPLKA, OTPOTIWTLKA laser
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(1)

He—Ne (\éwlep aeplwv oubETEPWV ATOUWV), CUVEXAC AELToupyia

1s2s

1s2s

1s

A :3.39 um, 632.8nm, 1.15pum, loxu¢ < ImW pexpt dekadec mwW

He Ne
’ 2 a2 op5
s Lor 2 o 3390 nm
> 2 5a2 opb
A Collisional 632 8 IS iesaptar
transfer | - . 5 . = ©nm
S 1>s 2s< 2p° 4s
A 1150 nm " 132 232 2p5 3p
Radiative - spontaneous emission
decay / 5 mD A5
[ s 2s= 2p° 35
_ : Collisional
Electron impact . deactivation
e Vat wall .
152 25 2p

© 2010 Pearson Education, Inc.
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(1) He—Ne (\éwlep aeplwv oubETEPWV ATOUWV), CUVEXAC AELToupyia

A :3.38 um, 632.8nm, 1.15um, loxu¢ < ImW pexpt dekadec mwW

Glass discharge tube
containing He-Ne mixture

Mirror
(100% reflective)

Power supply Mirror

(95% reflective)

© 2010 Pearson Education, Inc.
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(2) Excimer lasers (Aeyepuévwv Siuspwv)

ArF (193nm), KrF (248nm), XeCl (308nm), XeF (351nm)

NoApikn Asttoupyla ~10ns, pepka J

AvtAnon KoOTNTOC LE NAEKTPLKI EKKEVWON

Ta evyevn agpla £xouv  weX
KAELOTEC oTtolfadec otnv _— -
Boolkl NAEKTPOVLKN
kataotaon. Otav Opwe
SleyepBouv polalovy pe
aAKAALQ KOl £TOL UITOPOUV
va dnulovpynocouv
otaBepolc SeopouC pe KpovoEC €
atopa aAoyovwy.

Covn dpaong Aélep

Xe + X
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(3) NEWEP OPYOVIKWV XPWOTLKWV (dye lasers)

MoAUUEBWIKEC XpwOoTkEC 0.7 - 1um, EavBevia 0.5 - 0.7um, koupapiveg 0.4 - 0.5um
o€ StaAvpata pebavoing, DMSO, dtoéaviov oe cuvexn KukAodopia Tou SLtaAUpaToC

Omtik AvtAnon pe Auxviec toou, ekkEvwonc, AAAa Aewlep (Ar+, Kr+, Nd:YAG,
Slodka, Excimer)

C,H;HN NHC,H,}Cl-
2%%s s i O 2tisy
S,
— \Tl SN CH
==~ H,C 3
? 7 Swotavpoon = COOCJ q,
3 otadpg |
2
Se
i TPUTALG
avtiaon POopropic KOTUOTAGEK

POCPOPIOROS
amEG

KOTAGTAGEL,

MAgovékTnua
Aettoupyia og MOAAG pAKN KUpATOC emAekTikoTnTa (tunability)  mopaywyn
XPOVLKA OTEVWV TIOALWV

Melovektnuara

2YXETLKA ULKPOC XPOVOC {wNC, TIEPLOPLOUEVO EVPOC ETUAEKTLKOTNTOC VA XPWOTLKH
28



(3)

NEWEP OPYOAVIKWV XPWOTLKWV (dye lasers)

TUNING CURVES

Nd:YAG PUMPED LASER DYES (Continuum)®

A INE o HODAMINE
: Freo0rsi0 | , 610/640  RHODAMINE
H’J—IDE;HINE | | / 640 L%?Mm
B COUMARIN N / LDS 698
500 | ll'\., | ;f DM LDS 750

- ! . / ' LDS 765
= Gmil:gim . A / / - " Lpsex
o COUMARIN | / e
5 : 460 II|' IIIIIlI F //t -DS 867
E - COUMARIN .fll / /
o ‘o[
E | stueene |
% ~ 420 [ / /
w
s | \
= F \ 1‘ A l'li
2 F L \ A 1 1 1
w k- \ A\ i | ‘
coL [\ \ \ \

{NEi/R i NN ‘n
400 450 500 550 600 650 700 750 800 850 900

WAVELENGTH (nm)
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(4)

Nélep OTEPEAC KATAOTOONC

16 5

14 -

Ruby Cr*3 :Al,O;

25

20"

4
Ty
., blue :
oand 2
L F,
p aT_ | nonradiative
C I — o transitions
T nR )
! .'f{' 2E 29 ¢cm
A\ -, 0 - ‘A'
| optically f B
pumped 2E : Metootabnc
R,/ / KOTAOTOON
y ' ! Rl = 3 ms
,\\.
‘laser transition
_ y £ ]
4 g =0
( I:3/2) A, 5 1so]

Time / ms

Figure 3. Radiative decay of the 2E state. Emission wavelength
694.2 nm. Circles indicate experimental points [1/10 of the fotal
number], whereas the continuous line corresponds to the fitted mono-
exponential decay function.
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Figure 1. The absorption spectrum of ruby in the visible region.
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Figure 2. The fluorescence spectrum of ruby. Excitation wavelength
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(4) Nélep OTEPEAC KATAOTOONC
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(4) Nélep OTEPEAC KATAOTOONC

Alaoylon ¢ %E Aoyw

Ti*3 sapphire (Al,O;)

/ dawopévou Jahn-Teller

2
E \\ AN o
LY i rd ey
— ‘\/I N 7L
S’
>
o
: 5
avtinon 2
ZT2
O, i AY A
VAN ri N7 S’
ri N7 S
4 <z

o

Absorption

Relaxation

C

Emission

O

A/Relaxation

Displacement

Euvoeital n avaotpodr mAnBuopuwv
S10tL n anodieyepon odnyet oe
dovntikwe Sleyeppévo enimedo tng
BepeAlwdouc 2T Kol KATA CUVETELQ
KN mMAnBuopévo.

To daopaATIKO EVPOC TNE EKTIOMUTTNG
Tou Ti:Al, O, EMITPEMEL EKTTOUTIN
AéWlep o€ eupeia eployn: 660-1180
nm, kot’ avaloyila pe ta AEwlep
OPYQAVLIKWVY XPWOTLKWV.

! o
& 2
3 2
a =
© =)

[ 1
400 600 800 1000 nm
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(4) Nélep OTEPEAC KATAOTOONC

Optical Power Laser
4 z Optical Power
A0Sk Aélep P A
| /
Optical Power LED
Stimulated
emission > A
Optical Power Laser
/\ Spontaneous A
. > emission
... = -
/4
| |~ e
2 Current > 4
— A
Cleaved surface mirror
Apxn Asttoupyiacg

AlEAeLoN NAEKTPLKOU PEVHATOC EVTAONG
HeyaAUTEPNG MLAG TG KatwdAiou (ly;,) pHEow Tou

< Electrode 1y aywyol 06nyel og efavaykaopévn ekmoumni
o GaAs , , , ,
p akTwvoBoAlag w¢ amoteAeoua tov uPnAou puBuou
L >\ > NG EMOVOOUVOEDNC NAEKTPOVIWV OTIWV.
v MAgovektnuara - Eqapuoyéc
nt GaAs To oAU LKPO pEyeBoC Twv SLodikwv AELlep Kal N

Electrode padlikn mapoywyr) EAa)LOTOMOLOUV TO KOOTOG KOl
Active region ETILTPETIOVV TN XpNoN o€ MANOWPO NAEKOVIKWV
(stimulated emission region) cuokeuwv (CD, DVD k. a.)
Edappoyéc oe meplBAAAOVTIKEC LETPAOELG asp'twv33

http://en.wikipedia.org/wiki/Laser_diode pUTIWV.



AZDANEIA EPFrAZTHPIQN

Epyaornpio NEiIlep
IHAAN - ITE

A. AyyAoc
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Eikova opBaAuikou TpauuLaTiIOHOU ano
aktTivofoldia naAuikou AEilep

Figure 7. Multiple small laser burns with minimal hemorrhage.

http://www.adtdl.army.mil/cai-bin/atdl.dll/fm/8-50/INTRO.htm 35 &
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Figure 7. Multiple small laser burns with minimal hemorrhage.

http://www.adtdl.army.mil/cai-bin/atdl.dll/fm/8-50/INTRO.htm
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255: Beam blinds scientist doing
alignment of a Nd:YAG laser

During optics alignment involving a 30 mJ pulsed Nd:YAG
laser (10 Hz) on a target using a prism, the beam
exceeded the prism's critical angle and struck the scientist
in the eye resulting in a permanent retinal burn.

Unfortunately, no protective eyewear was worn at the
time.

An ophthalmologist was consulted and confirmed retinal

burns.
Blurry vision resulted especially when reading.

http://www.rli.com/accident/case studies/ 37 &


http://www.rli.com/accident/case_studies/

Incident ALERT Message from Performance Surety

Student sustains laser eye injury

On kely 14, 2004, an undergradzase
smudent emp loved by ano Sher govermnment
agency was mured while performing
work with aClss IV neodymaum
(Nd ¥ YAG laser at LosAlamos Nasonal
labomtory The studentcametote
Laboratory %o work with a LANL
saetist mvestigating fhe potental use
oflases o sudyvng the composton of
comets

The scietist and student had setupa
Lser expermment designed 1o suspead
and then mahze partcles nsude a
vacuum trget chamberusng an unussal
configumton dat was nestherdescribed
nor analyzed mwork coatrol documens
The experment used a Partde
Generzng (PG) laser 0 suspead the
particles and de (Nd YAG) Laser
Induced PBreaakdown Spectrascopy
(11BS) laser 00 vaporaze e suspeaded
particles. The PG laser was aligned
vertally 0 allow fe beam to emter
through the top of the taget chamber,
the LIBS laser was aligned borzomally
10 allow the beam %0 enter through asude
window. The scientst eneged botk
Laser power s2pp bes and was operatng
the LIS laser with $e Q swich tagger
cable dscomected (a mode the scentst
beleved did not allow e LIBS lser o

Experimental setup showing the target

chamberand the LIBS nser

produce alaser beam) With e Q
swinch diabled and the LIS hsa's
flashlamps operatng, te samtist bdeved dat
caly white light exated $he hser's opscal tubeand
taveled down the lser beam path The scaentist
wanted to demonstrate S the PG laser could
suspend partacles from the sample md n%eaded 0
usethe hght from e LIS Laser 0 i Bumumte te
suspeaded pasticles and make Sem vishle nside
the target chamber

The scient st fired and secured the PG laser nd
then observed e suspended particles dlumnated
by the LIRS laser maide e targetchamber He
told the sudent he could see suspended parscles
and mvited the studer2 20 ke a lok Asde
stadent bent dowm 1o Jook %o Se chamber, she
sow a flash and subsequemly noted areddish
brown substance floatng o her lefieye Nedha
the scientstnor fhe student were weanng lser
eve protection. The saader2 was taken 0 LANL's
occupaxeal bealth facd iy (HSR-2) ;md was
refared 10 several eve specalsts Laser eve
damage was confirmed Thesmdent comnues to
expanace Joss of cemnal visoninhea lefieve

Laser aperasons were suspended and e LANL
Dimctorassembled 2 %eam to mvestigatk e
accadent, detarm ne the causal factors, and make
recommendat cas

Initial Amalysis

The mvess gaton i neanng complet on and formal
fndags will be made avadable = a few weeks
after correcave acs ons are developed and
ncorporated. Lines of mquaryhave nchuded $e
use of persoaal protective equipment, the
mentorng ad srpavise of sadents, manage-
ment oversght and comral of wo dk Sworkers, and
the reporting and notficaton process for abaormal

FOR DETAILS:

® Occurrence Report:
ALO-LA-LANL-CHE MLA SER-2004-0001
® PS.7 Occurrence Investigators:
Matt Hardy 867-6335

Rita Henins, 865-8531

An agRionsl sleet about this svent wilolow
¥ the invessi ation mve sls ostals that
indicate an unknown hazard sxists for athwr
amploysss invaved i this types of acivily.
Formom informaton about * st Take, * dlesse
cal LANL PS.7 ot 5550033

August 18, 2004
LANL CHEMLASER 2004-0010

events laborgory measiremens weare made to
chamcierze fe condtons and configurazon
bebeved %0 have existed whea theacadent
ocaurred Measirements ndicated fat fe sudent
cold not have reca ved a lisereye nury under
s condtons becanse $e LINS bsa did not
emit a beam nthes configunasoe Comsequenthy,
e team s evalueng fother configerasons
condd have resulied & e accadent

Initlal Recommendations
Management Level Managers should
W Frsure $at mquired safety practices are
moplemented & e workplace,
B Fnsure tminng mquirements are comp leted
before auth orgng wark,
B Fnsurethat pemonal protectve equipment is
weed,
B Fos:m Lse pascand complede abaselne ave
exam mton,
B [nsure changes to work and assocased
changes o work configurxe are authorzed, and
fat dese changes ax addressed mwork contal
documents, and
W Prowvade LANL employees with thes “lst
Take,” edher dwough Nesed Safay meetngsor
required mading po grama
Worker Level Workers should
B Know the hamrds of diarexpeament,
B Wearspecified laser eye prokecson as
required;
W Chalienge unsafe or quess caable behawvior,
and of you're not sure, ask;,
B Use imeriocks as demigned; and
B Prevenateye expomre %0 direct orscatiered
radason foma Class IV laser

Moz nformatoe will be provided %0 emplovess
@ the “Fmal Take” alert measage from Perfor
mance Surety

W Lasers LIR 402-400-01.3

{(nEpdfwmrw en doe govipaa)

GUIDANCE: Resources at hand

For more information related to laser safety you can refer to:

W Laser Safety: Class 3b or 4 Self Study Course No. 17817
W American Natonal Standards Instaute 2136 1 (Safe Use of Lasers)
W Lessons Learned Operational Expenence Summanes 2nd Quarter - 2004

® Occurrence Report: ALO-LA-LANL-CHEMLASE R-2004-001
® Occurrence Report OAK-LBL-MSD-2003-0001

W Occurrence Report ALO-LA-LANL-FIRNGHELAB-1899-0002
® Occurrence Report ALO-LA-LANL-FIRNGHELAB-1998-0002

Experimental setup showing the targe t
chambe rand the LIES nser
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AZDPANEIA LASER

m EiONn ka1 XapakTnpIioTiIka NnnywvVv A&1lep
m Kivouvol ano tn xpnon A&ilep

s AAAnAemdpaoceic akTivoBoAiac A&i1lep
HE BIOAOYIKOUG 10TOUG

m MpoAnwn - NpooTacia

39 A\



EIAH LASER

m >TEPEAC kaTaoTaonc (Solid state)
m Aepiou (Gas lasers)

m Aleyeppevwv diuepwv (Excimer)

m Opyavikwv xpwoTikwV (Dye lasers)
m Hulaywywv (Diode lasers)

ANANNNANNAN
NAANANAS

>UhQWvia,
MovoxpwuaTIKOTNTQ,
KaTeuBuvTikOoTNTA

40 o\



XAPAKTHPIZTIKA LASER

m Mnkoc kupatoc eknopnng (UV, Visible, IR)
m Joxuc/Evepyela €€0dou (mW-W, nJ-kJ)
m Xpovodiapkela naApou (cw, ns, ps, fs)

lonizing
Radiation

A

a

X-rays Ultl’a- 2 RadiO Electric
gamma rays violet ﬁ Infrared Radar waves waves
AN S ~
N A A I O e N N | | | | e
T T T T T | | | |

108

| |

| |
10" 10% 10® 10° 10* 10% 10° 10 10* 10Q°
Wavelength (cm)



AKTINOBOAIA LASER

PACUATIKEC MEPIOXEC

Band Wavelength
Ultraviolet (UV) UV-C 200 - 280 nm
UVv-B 280 — 315 nm
UV-A 315- 400 nm
Visible (VIS) 400 — 700 nm
Infrared (IR) IR-A 700 — 1400 nm
IR-B 1400 — 3000 nm
IR-C 3000 -1 mm

42 &



KATHIOPIEZ LASER

m CLASS 1 <0.4 mW cw

«akivduvo» av dev anocuvappoAoynBei !
CD, DVD (40mWw!!I)

m CLASS 2 < 1 mW cw, opaTtn akTivoBoAia
£MIKivOUVO UNo OoUuvONKeC ouveXouc ekBeong

m CLASS 2a < 1 mW cw, opaTn akTivoBoAia
enikivduvo uno ouvenkec oTiaong

super-market scanners

CLASS 3a 1-5mWcw

£MIKivOUVO Uno ouvONnKec ouvexouc ekBeong
OEikTEC laser

CLASS 3b 5- 500 MW cw
UWnNANCG enikivouvoTNTAc, KauuIia aueon €kOeon
£pyaoTnplakd, EpeuvnTIKa laser

m CLASS 4 MaAuika kail ouvexn (>500 mWw)
uwnANG enikivouvoTnTag ,,
£pYAOTNPIAKA, EPEUVNTIKA, 1ATPIKA, OTPATIWTIKA laser 43 &



Class 1 Lasers

Class 1 lasers do not emit harmful levels of radiation .

Class 2 Lasers (< ImW, commonly found in alignment applications)

Capable of creating eye damage through chronic exposure. In general, the human eye will blink
within 0.25 second when exposed to Class 2 laser light, providing adequate protection. It is
possible to stare into a Class 2 laser long enough to cause damage to the eye.

Class 2a Lasers (special purpose < 1mW, e.g. barcode readers)
Class 3a Lasers (1-5 mW)

Not hazardous when viewed momentarily with the naked eye, but they pose severe eye hazards
when viewed through optical instruments (e.g., microscopes and binoculars).

Class 3b Lasers (5-500 mW or less than 10 J/cm? for a ¥-s pulsed system)

Injury upon direct viewing of the beam and specular reflections. Specific control measures must
be implemented.

Class 4 Lasers (> 500 mW or greater than 10 J/cm? for a ¥4-s pulsed system)

They pose eye hazards, skin hazards, and fire hazards. Viewing of the beam and of specular
reflections or exposure to diffuse reflections can cause eye and skin injuries. All control
measures to be outlined must be implemented.

“ /A



KINAYNOI AlNO TH XPHZH LASER

- AkTIvoBoAia Laser
- 0(pOAAUIKOC TpauuaTiopoc, BAGRN
- emdepuikeC BAaBeC (eykaupaTa)

- AAAa aiTia
- NAEKTPIKN TPoPodoaia
- TOEIKA XNUIKA, d1aAuTeC (dye lasers)
- TO&IKa agpia (excimer lasers)
- PWTIA
- deuTEPEUOUOA aKTIVOPBOAIa
- akTivoBoAia nAacpa
- unepBoAIKOC BopuPoc

AN



ATYXHMATA KATA TH XPHZH LASER (1)

MepioTaTika atuxnuatwv A&ilep (HMA, 1964-1992)

LASERACCIDENT SUVMARY

Others
Fire
No-Hamm exposure

Maffunction |

Electical |

Skinlnjury

Eve Injury

0.00%  10.00%  20.00%  30.00%  40.00% 50.00%  60.00%  70.00%

>TNV NA€loYn®ia Touc Ta aTuxnuaTta nepiAaupfavouv
TPAUUATIOUOUC OTO MATI

http://www.adm.uwaterloo.ca/infohs/lasermanual/documents/section11.html

40


http://www.adm.uwaterloo.ca/infohs/lasermanual/documents/section11.html

ATYXHMATA KATA TH XPHZH LASER (2)

Katavoun aitiwv o€ atuxnuata Asilep (HMA, 1964-1992)

Figure 17 - Cause of Laser Accidents

LASER ACCIDENT CAUSES
Acricental Exposuwre
Inccrrect Eyevest B
Impecper Senice i
Ancllarybazad e
High veitage Rt L Lttt
Equipenent matfundicn
Eye Praedibnnat ussd
Mignment Procedures 3

0.00% 5.00% 1000% 1500% 2000% 2500% 2000%

Ta nepIOCOTEPA ATUXNUATA CUPPBAiIVOUV KATA TN
dladikaoia euBuypappIonc n/kal Aoyw Hn Xpnonc
KaTtaANAwV NpooTaTEUTIKWV YUAAIWV

http://www.adm.uwaterloo.ca/infohs/lasermanual/documents/section11.html
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TO ANOPQITINO MATI

Simplified Cross Section of the Human Eye

Vitrcous

Ciliary Body " Humour

(Focus I!'lrlus-:]e] \

Sclera

Cornea -
Retina

Iris /g
| M
L. {Macular
'-_-'____.--""-‘# bt Lﬂtf‘ﬂ}
Iris

Lens

Ciliary Body
(Focus Muscle)

\ Optic
Merve

Laser beams are almost parallel thus the eve's lens will
focus them down to a small spot causing retinal burns.
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ONTIKH AINMOKPIzZH KAI
AIANEPATOTHTA ANOPQIIINOY MATIOY
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ANMOPPO®HzH AKTINOBOAIAZ 2T0
ANOPQIIINO MATI

Iris

Visible and
near-infrared
(1400 nm-1 mm
and
middle-uliraviplet
(180 nm-315 nm)
radiation
(absorbed mainly in
the cornea)

Macula futea

Y WYY W L 2B J
- ?ﬂ'—‘_r.___,.m_,_._:u. -
P T, T
¥ X

Mid- and Far-Infrared (1400 nm — 1mm)
Mid-Ultraviolet (180 nm =315 nm)

Anoppopnon oToV KEPATOEIDN
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ANMOPPO®HzH AKTINOBOAIAZ 2T0
ANOPQIIINO MATI

Mear-ultraviolet >

{315 nm=390 nm) b

radiation and selected >

wavelengths from -

700 nm to 3000 nm *

(absorbed mainly »
in the lens)

Near-Ultraviolet (315 nm — 390 nm)
Selected wavelengths in 700 nm — 3000 nm)

Anoppopnon oTov Ppako
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ANMOPPO®HzH AKTINOBOAIAZ 2T0
ANOPQIIINO MATI

Macula lutea

Visible and
near-infrared
(400 nm-1400 nm)
radiation
{transmitted through
the eye to the retina)

¥ Y Y¥YY¥Y ¥Y¥Y ¥ ¥

Cornea

Visible and Near-Infrared (400 nm — 1400 nm)

H akTivoBoAia eoTialeTal oTov
auPiIBAnoTposIdn
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MHXANIZMOI BANABHZ I2TQN

m Oegpuika paivopeva (eykaupaTa)
m PWTOXNMIKEC AANOIWOEIC

m AKOUOTIKG KUpaTa

m Xpovia NpooBoAn




Photobiological spectral domain Eye effects

Ultraviolet C (0.200-0.280 ym)

Ultraviolet B (0.280-315 ym)

Ultraviolet A (0.315-0.400 ym)

Visible (0.400-0.780 ym)

Infrared A (0.780-1.400 ym)

Infrared B (1.400-3.00 ym)

Infrared C (3.00-1000 ym)

Skin effects

Photokeratitis

Photokeratitis

Photochemical UV
cataract

Photochemical and
thermal retinal
injury

Cataract, retinal
burns

Corneal burn
Aqueous flare
IR cataract

Corneal burn only

Erythema
(sunburn)
Skin cancer

Accelerated skin

aging
Increased
pigmentation

Pigment darkening
Skin burn

Photosensitive
reactions
Skin burn

Skin burn

Skin burn

Skin burn
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KANONEZ AZPAANEIAZ LASER

AnayopeUeTal N €i0000C BN EE0UCIOOOTNHEV®WV
aTOHWV OTA EpyaocTnpid

YNOXPEWTIKN Yia OAoucg N napakoAouOnon £181koU
CEHIVAPIOU aoPAAEIAg

2Td spyacnnpla smBaM\s'ral n Xpnon karadAAnAwv
NPOOTATEUTIK®WV YUdAI®V

Karta tn diadikaoia sueuypapulonq aAAa kai KCITCI
™ 6|££aymyr| NEIPANATOV AapBavovml auoTnpa

|.|£Tpa WOTE VA AanoKAEIOTEI N I1I9CIVOT[|TCI apgeong n
EppEONG EkOeonNGg o€ akTivoBoAia Asilep
NMpoooxn oTnv akTivoBoAia UV kai IR

AnapaiTnTn ano OAoug n UI00£TNON KAVOV®WV KAANG
EPYAOCTNPIAKNG NPAKTIK
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IMPOAHWH - [TPOZTAZIA

YnoxXpewTIKNA N XpNon KataAAnA®wv yuaAi®v
aoc@aAsiag Kara Tnv napouaia os epyaoctnpia A&ilep
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FNMAPAAEITMA

Aeopn naApikou A€ilep, dIAUETPOU 2 MM, UE EVEPYEID
ava naAuo 2.5 mJ, avakAwpuevn og nocooTo 4% ano
OMTIKO EXEI MUKVOTNTA EVEPYEIAC

(0.04x2.5x10-3 J)/(0.25xnx (0.2)2cm?) = 3.2 103 J /cm?

H onoia unepBaivel To katwPAl BAABNC TOU KEPATOEIOOUC
(~107 J/cm?) kaTa napayovrta ~3x10%

[pooTacia os €kBeon auTou TOU €NINEOOU ANAITEl XPNon
NPOOTATEUTIKWV YUAAIWV PE ONTIKN MUKVOTNTA OTO WNKOC
KUMATOC TNG akTivoBoAiac Tou A&ilep

(OD) = log(3.2x10%) = 4.5

Nopog Beer: A n (0.D.) = -logT = log(Io/I) of &



EYOYITPAMMIZH LASER

Apxika puBuilope To laser va AsiToupyei oe XapnAn 1oxu /
evepyela eE0dou

> x€01afouphe NOAU NpooekTIKA TN d1adpoun TnG d€oung Kal
EMNIAEYOUNE Ta KATAAANAQ onTika (kdTtonTpa, npiouarta, gakouc,
(ppayuata nepibAaonc kAn).

Me Tn Boneaa 2 (AYO) KIVI’]T(DV I'IETCIO'|JCIT(1)V xaun)\nq
CIVCIK)\CIOTIKOTI’]TCIC (ouvnOwc ano XCIpTI NAQOTIKO n Bappsvo
|J€TCI)\)\O) sanpsnouus ™ o-rc16|cn<r] 6|0600n NG dE0NNC ano Tnv
£€000 TOU A€I(EP HEXPI TO MPWTO OMTIKO OTOIXEIO.

EAEYXOUME NPOOCEKTIKA TNV KATEUOUvVON TNG OE0NNG UETA TO NMPWTO
ONTIKO KABWC Kal TNV ugavion nibavwv avakAaoswy.

Zuvsx|Coups HEXPI v accpa)\n KaTaAn&n Tng dEouNG OTO
METPNTIKO Opyavo n 1o d€iyua pac.

[MPO20OXH :
TaxutnTa wToC = 3x108m/s >>avepwniva avakAaoTiKa
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KANONEZ AZDANEIAZ
LASER

>nuUavon cuokeuwv AEIlep KAl EpyacTnpiwy

LASER RADIATION
AVOID DIRECT EXPOSURE TO BEAM

DO NOT STARE INTO BEAM
HEVER VIEW THROUGH OPTICAL INSTRUMENTS

*

Lasar Maximum Cuwtput




AZDPANEIA EPTrAZTHPISQN

m AKTINOBOAIA LASER

s HAEKTPIKOI KINAYNOI
YwnAn taon, AnAn tpogodoaia kar UPS

x XHMIKA
AEPIA (®i1aAeqg)
YI'PA (O&a/Baocesic, Opyavikoi d1aAUTEC)
2 TEPEA
AMNMOBAHTA

m AIA®OPA
Tpogodoaoia vepou
S UOKEUEC OUVEXOUC AEIToUpYiac 60 /\



HAEKTPIKOI KINAYNOI

m YynAn Taon
m AnAn Tpogodoaia kalr UPS

Neilep katnyopiac 3 kai 4 (Class3, Class 4)
nepiAapfavouv TpoPodoTIKa Napoxns UPnANG Taonc
(1-10 kV)

Fd
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AEPIA

To&ika N adpavn pulaocoovTal o€ €IOIKEC
PIaAec (neipapaTa, AsIToupyia excimer laser)

YI'PA

O&ca/Baosic, Opyavikoi d1aAUTEC,
AvTidopaoTnpia, OpyavikeC XPWOTIKEC

2 TEPEA

AIAXEIPIZH ATTOBAHTQN



AIADOPA

m OQTIA

BpaxukukAwpua (MPOZ0OXH og kaAwdia Tpopodoaoiac)
Aeilep (AVAaQAEEn NAaoTIKWV, XapTIoU, poUXwV)

m TPOOOAOZIA NEPOY
[MPO>0OXH og cwAnvwoeIc vepou YUENC

m 2Y2KEYEZ 2YNEXOY2 AEITOYPI'IAZ
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