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Aiéyepon Twy aTopwy

AUo civai o1 paoikoi pnxaviopoi diéyepong. Evog atépou améd tn Paciki
oc Hia dieyepuévn kaTaoTaon.

Méow oUykpouong pe €va dAAo cwpdTio KATd Tn OldpKeEld TG OTToidg
HEPOC TNC KIVNTIKAC evépyelag Twy OUo amoppopdTrdl admd To ATOHO.

Méow NAEKTPIKAG EKKEVWONG

‘Eva dtopo mou dicyeipeTal Oa emioTpéyel oTh PACIKA TOU KATAOTAON OF
10-8 sec ekméumovTac £va pWTOVIO EVEPYEIAC 60N N evepyelakn dlagopd
TWV oTAOHWV.

E, Absorption can occur

\/‘MN,) 1 only when

o] E. AE=hv =E 5 - E1 A downward transition
E hoton = U ! E involves emissioin of
5 En a photon of energy:

E. Eeen =0 = E, - E;|




Eidn peTanTwoswy

KbavTikéc 01adikaoie¢ KupldpxoUV OTOUC TOMEIC TNG dATOMIKAC KAl
HOPIAKAC QUOIKAC. Ta XapakTnpIoTIKA ThC atmoppdenong, EKTTOUTIAG, KAl
e€avaykaopévng EKTOUTIAC c€ival onpavTikd yid Tnv Karavonon Twy
Aé1ep KAl TWV £QAPHUOYWY TOUG.

ATOUIKEC HETAPACEIC TTOU EKTTEUTTIOUV R ATTOPPOPOUV TO 0pdTO YWC €ivai
YEVIKA NAEKTPOVIKEC peTaAPAoeIC, Ta oTroiad PTTopoUv va ameikovi{ovTral
He OpouC HETATRANONG NAEKTpoviwv HeTAlU KPAVTIOHEVWY ATOHIKWY
EVEPYEIAKWY ETITTEOWY

E, Absorption can occur
\/\W\/b 1‘ only when
o] E. AE =hv =E 5 - E ; A downward transition
Ephoton = MU ! E involves emissioin of
5\ Eq a photon of energy:

E, BEnun=m0 =E,- E,




AuBopunTn amoppdPnon KAl EKTTOUTA

2Thv TepimTwon TnC auBopuntn¢ damoppoépnong Kai
EKTTOUTIAC €xoupe O1€yepon amo Tn Pacikh otddun oe pia
dieyeppévn otadun kai amodiéyepon avTioToixd.

E, Absorption can occur

\/W\,» 1 only when

o E. AE=hv =E 5 - E ] A downward transition
E photon = AU ! E involves emissioin of
5 2,1 a photon of energy:

E1 Ephn-lun =hv = EE ) E1




Eidn petamtwoswy
amoppOPNON, EKTTOUTIA, KAl £€AvVAYKAOHEVN EKTTOUTIA

E, Absorption can occur
\,\W» T only when
S + B E AE =hu = E - E A downward transition
E photon = U involves emissioin of
a photon of energy:

Electron in
excited state
o) E2 5 Eg
\W Stimulate \ \QMW»
E emission . V‘W"’
Eph-utc:n = hu 1 1

Incident
photon Eph-utan =hv =E, - E1



E€avaykaopévn ekmoutn

Av éva nAekTpovio cival Kdn oe pia dieyeppévn kardotaon (o €éva avwTepo
evepyelako emittedo, 0c oxéon He TO XdAunAoTepo Ouvatd emimmedo N
"OepeAidNn kartdoTtaon"), TOTE €va €10epXOHEVO QWTOVIO Yid TO OTIOIO N
KPavTIKA evépyela cival ion HE TNV evepyelakn diagopd peTall Tou
0cdopévou emmEOOU KAl TOU XdunAotepou emimtédou  HTTOpEi  va
«efavaykaoel" Tn geTdapaon o€ auto To KATWTEPO £mimedo, Tapdayovrac éva
0eUTEPO PWTOVIO TNG i01aC evEpyeldg, evioxUovTaAg TO TTPOCTIITITOV KUKA.

Electron in
excited state
o E, . E,
V'MW" Stimulate \ V\wab
c emission W
E
Ephaton = hv 1 1
Incident
photon Epmtnn =hL = EE B E1

Onwc¢ Kal n amoppdPnon Kai EKTTOUTH, £TOI KAl N £€avaykaopévn EKTTOUTA
TPoUTOOETEI 0TI N evépyeld Tou pwToviou diveTal amd Th oxéon Tou Planck
Kal 1ooUTdl pHe Th O1d@popd eVEPYEIAC TWV EVEPYEIAKWY OTADUWY.



E€avaykaopévn ekmoutn

Electron in
excited state
o E & E,
V‘W 2 Stimulatea \ \W
E emission . \,WN.
E oton = U 1 1
Incident
photon Ephnt-n-n =hv = EE B E1

Ta kopgata Tou akTivoPoAoUpevou QWTOC €ivdl o€ amoAuTtn
eaocn HYe TA TIPOOTITITOVTA KUHATA, HE amoTéAeopa pia
emauinuévn d€opun oUPPWVOU PWTOC.



Baoikéc apxéc AsiToupyiac Twy laser

TTpémer va umtdpxel £va evepyod UAIKO h Héoo TTou va ptropei av dieyepOei va
EKTTEPYEI akTIVoPoAia OTO OTITIKO HEPOC TOU PACHATOC, WOTE vad evioxUeTal
n déopn laser.

Na umtdpxel n duvartoTnta dnpiovpyia¢ Hiag katdoTaong, o €ival YVWOTAH
oav avtioTpogh TAnBuapou.

Na untdpxel éva omTiko avrhxeio. Xwpic auté Ta laser Ba pmopovoav va
XpnoigomoIinOolv HOVO WC EVIOXUTEC QWTOC KAl OX!I oav YEVVATPIEC
HOVOXPWHATIKAC akTivoPoAiag.

Photons produced
by stimulated
coocoocoE -
"’W If a si‘;niﬁcant coceooo 2 ;nd.ff?rll?tg l;?m;e
population inversion relationship,
Epmmn =hv exists, then stimulated producing
Incident emission can produce coherent
photon significant light light.
amplification

E'I 1



AVTIOTpOoYR TTANBUGHOU

Otav évac apketd peydAo¢ TANBuopog nAekTpoviwv pPpeBei oe ynAd
evepyelakd emimeda, TOTE n Katdotaocn autn ovopalertar "avrioTpoyn
mAnBuopol", kai Oétel TIC Ppdoeic yia Thv efavaykaopévn EKTTOUTIA
TOAAATTAWY QWTOViWV.

AUTN €ival h mpoUnoOeon yia Thv evioxuon ewTocC Tou epgpavileTal oe £va
Aé1lep, Kal OedOPEVOU OTI N EKTOUTIA QWTOViwv €xel éva kKaBopiopévo
XPOVIKO didoTnpa Kai n oxéon ¢dong HeTall Toug, To QWC €XEl UYNAOD
paBuoé ouvoxAc.

Photons produced
by stimulated

Lm‘: E; foant 000000 2 emission have
a significan a definite phase
VW population inversion relatisnship,
Eplwton = hv exists, then stimulated producing
Incident emission can produce coherent
photon significant light light.
amplification

E'I 1



Light Amplification by Stimulated Emission of Radiation
LASER

Evioxuon pwTtoc pe s€avaykaopévn ekmopn akTivoPpoAiac

FPhotons produced
by stimulated

9090090 EE Y Y YT E emission have
q q n | If & significant a definite phase
population inversion relationship,
Epmmn = hu exists, then stimulated producing
Incidant amission can produce coherent
photon significant light light.
amplification
E1 1

H e€avaykaopévn eKTouTh QWTOC cival KaBopIoTIKA KPaAvTIKA diepyaacia
amapaiTnTn yia Tn AsiToupyia Twyv Laser



AvTtioTpopn TTAnBuaopou

000000 E‘,E

H emiteuin piac onpavrikig VW“_ If a significant

avtioTpoPng mAnBuopoU  o¢ population inversion

AdTOMIKA R HOpIaKA evePYEIAKA Ephmm =hu exists, then stimulated
emimeda amoTeAei TpoUTOOeon Incident E_m'E_f_l'D" f?ﬂhlzrﬂdum
1a Thv AciToupyia Twv Aéilep. photon signiticant lig
Y d al ep amplification

=



AvTtioTpopn TTAnBuaopou

H emiteuén piac onpavrikig
avtioTpopne TAnBuopoU  o¢
dToOHIKA N HoplaKd evepyelakd nnunnuEE

emimeda amoTeAei mpoUmoOean W If & significant

' : opulation inversion

yia Thv AsiToupyia Twyv Aé1lep. E roton = hV gﬂ;ﬂ‘ hon etirmoiated
Mia avTiotpophh TANOGuopoU dev| Incident emission can produce
umopei va emTeuxOei povo pe dUo| photon significant light
emieda, emeidA n mOavéTnTa YId amplification
ThV amoppoPnon Kai Thv auBdpuntn E1
EKTTOUTIA  cival akpipwe n idig,
omwce £€deie o Einstein.




AvTtiaTpoph TTAnBuaopou

Moévo pe Tnv amoppopnon Oev eivar duvartov va umdplel onuavTikn
OUYKEVTPWON hAEKTpoviwv KABWC TOOO N auBopuntn EKTOUTIA Kdal
eCavaykaopévn ekodtn Ba Toug pépel Tiow.

E, Absorption can occur
v.Wv) T only when

—_ E1 AE =hu = E 5 " E1 A downward transition
E = hv E involves emissioin of
—— 2 a photon of energy:

i

E1 Ephnlon =hv = EE B E1

photon

Mia avtioTpophh TANBuopoU Oev pmopei va emiTeuxOei povo pe OUo
emimeda, emeidn n mMOavoTNTA Yid ThV dmoppoynon Kai Thv auBopuntn
EKTIOUTIA €ival akpIPwg n idia, orwe £€deife o Einstein.

H di1dpkeia CWAC Hiag TUTIKAG dieyeppévn kaTdaoTtaon eivar mepimou 10-8
sec. Emopévwe, amd mpakTIkA amoyn, Ta NAEKTPOVIA HETATIITITOUV TIdAI O€
XAUNAOTEPN oToIPAdA HE EKTIOUTIA QWTOViIWV TTEPITTOU TOOO 000 YphAyopd
pTTopoUV va PpeBouv aTo avwTepo emitredo.



ApXN AciToupyiac Tou laser-laser pouutiviot
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20.61 eV

Helium is
"pumped”

up to
axcited

states by
glectrical
discharge

N

Helium

Laser HAiou-Néov

20.66 eV

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

lmnﬂmn}\

18.70 eV 632.8nm

Spontaneous
emissions deplete
the lower level

to help maintain
the population
inversion

To mio KoIive Kai ¢OnvoTepo
Aé1lep aegpiou, TO HAlO-vEOV
Aéilep ouvABwg givai
KATaokevaopéva £€Tol WOTE vd
AciToupyoUV OTO KOKKIVO OTd
632,8 nm.

Mmopei  emiong va  eival
KATaokevaopéva £€Tol WOTE vd
mapavyel evépyela e Aéilep oTo
mpdoivo ota b43,5 nm kai oTo
uttépuBpo ota 1523 nm.

3

i

Neon

BEva peiypa mévre pepwv nAiou Kar evog HEPOUC VEOU Ot XApnAh Tieon,
TomoOeTeiTal o€ £€va yudAivo cwAnva pe tapdAAnAouc kaBpémteg ota OUo dkpd, o
£vag €k Twv omoiwv gival adiapavi¢. H améoTaon Twv KaBpemTwy cival ion pe
aképaio apiOuo NHIKUPATWY Tou pwToC laser.
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N
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‘pumped”
up to
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discharge

Helium

Laser HAiou-Néov

uﬁer 20.66 eV

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

Iransstion \

18.70 eV 632.8nm

Spontaneous
emissions deplete
the lower leveal

to help maintain
the population
inversion

Neon

HAekTpovia amd ekkévwon
dieyeipouv Ta dTtopa Twv He
kai Ne o0& petaoTadeic
KATAOTAOEIC.

Mia amo TIc dieyeppéveg
oTdOue¢ TOU nAiov oTa
20,61 eV civar oAU kovTd
oc €va evepyelakd emimtedo
Tou véov ota 20,66 eV,
TOOO KOVTAd WaTe OTI KATd
Tnv oUykpouon €vOG dATOHOU
nNAiou Kai evo¢ aTopou véov,
n evépyela  pmopei  vd
pHeTapepOcei amod Tov NAIO oTO
TO ATOHO TOU Véov.

BEva peiypa mévre pepwv nAiou Kar evog HEPOUC VEOU Ot XApnAn Tieon,
TomoOeTeiTal o€ £€va yudAivo cwAnva pe tapdAAnAouc kaBpémteg ota OUo Akpd, o
évag €k Twv omoiwv gival adiapavi¢. H améoTaon Twv KaBpemTwy gival ion pe
aképaio apiOuo NHIKUPATWY Tou pwToC laser.



20.61 aV

Laser HAiou-Néov

N

Energy
transfer by
collision
elevates neon
atoms into a
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Helium is state.
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Laser 20.80 eV

Iransstion ‘

18.70 eV 632.8nm

Spontaneous
emissions deplete
the lower leveal

to help maintain
the population
inversion

Meon

Ta Leiser Helium-Neon civai
ouvnOiopéva orTa eloaywyikd
EPYACTAPIA  QUOIKAG, dAAd

HTTopoUV va givai Kdal
eTIKivouvol
2 Uppwva He Garmire,

diapopéc oTic 1-mW HeNe
Aéi1lep €xel pwTEIVOTNTA ion HE
nAlopdvela oe pia kaBaph pépa
(0,1 watt/cm?) kai eivar e€ioou
EMIKIVOUVO vad KoITAw dueaod.
To aéplo NAIo yéoa oTto owAhva
Aé1lep mapéxel To pédo yia va
ETMITEUXOEI n avaykaid
avtioTpopn TAnBuopoU yia Thv
AgiToupyia Tou Aéilep



Laser HAiou-Néov

dTOpHO ATOUO
niov oUYIpOVOT] véoD
20.61 6V DR
f‘ \ e s i e ustamrwon Laser
; 632.8 hm
HeTaoTafng /
Karaotaoh 18.70 eV oo
: EKTOUTTH
FUYKP OV ;
HAEKTOOVIOD HETATTWOT]
Jepis
oxtvofioiia
paoci ileteshioii Y
KOTGOTOT KQTATTOo!

Emeidn o1 ouykpoUaoeic Twy nAekTpoviwv Trou dieyeipouv Ta dtopa He kai Ne
ouppaivouv ouvéxela, To laser He-Ne éxel ouvexn AsiToupyia



Id16TnTeC 0éounc laser

Coherence

Coherence is one of the unique properties of laser light. It arises from the
stimulated emission process which provides the amplification. Since a common
stimulus triggers the emission events which provide the amplified light, the
emitted photons are "in step" and have a definite phase relation to each other.
This coherence is described in terms of temporal coherence and spatial
coherence, both of which are important in producing the interference which is

used to produce holograms.

Ordinary light is not coherent
because it comes from
independent atoms which emit
on time scales of about 107-8
seconds. There is a degree of
coherence in sources like the
mercury green line and some
other useful spectral sources,
but their coherence does not
approach that of a laser.

Photons produced
by stimulated
ﬂuuuuu E emission have

a definite phase
phnlnn = h'l.]
Inudant

relationship,
producing
coherent
light.




Idi16TnTec déounc laser
The beam is highly "collimated"

e - iR

100% 99%
reflactive reflective

The high degree of collimation arises from the fact that the
cavity of the laser has very nearly parallel front and back mirrors
which constrain the final laser beam to a path which is
perpendicular to those mirrors. The back mirror is made almost
perfectly reflecting while the front mirror is about 99%
reflecting, letting out about 1% of the beam.

This 1% is the output beam which you see. But the light has
passed back and forth between the mirrors many times in order
to gain intensity by the stimulated emission of more photons at

the same wavelength. If the light is the slightest bit off axis, it
will be lost from the beam.



Idi16TnTec déounc laser
The beam is highly "collimated"

e - iR

100% 99%
reflactive reflective

The highly collimated nature of the laser beam contributes
both to its danger and to its usefulness.

You should never look directly into a laser beam, because the
highly parallel beams can focus to an almost microscopic dot
on the retina of your eye, causing almost instant damage to
the retina.

On the other hand, this capacity for sharp focusing
contributes to the both the medical applications and the
industrial applications of the laser.

In medicine it is used as a sharp scalpel and in industry as a
fast, powerful and computer-controllable cutting tool.



Id16TnTeC 0éopunc laser

Monochromatic Laser Light

The light from a laser typically comes from one atomic
transition with a single precise wavelength. So the laser light
has a single spectral color and is almost the purest
monochromatic light available.

That being said, however, the laser light is not exactly
monochromatic. The spectral emission line from which it
originates does have a finite width, if only from the Doppler
effect of the moving atoms or molecules from which it comes.
Since the wavelength of the light is extremely small compared
to the size of the laser cavities used, then within that tiny
spectral bandwidth of the emission lines are many resonant
modes of the laser cavity.



Id16TnTeC 0éounc laser

To pwc¢ givar cuppwvo
To pwc eival oxedov HOVOXPWHATIKO

Mia déoun laser dev amokAivel oxedov
kaBoAou

H évraon tnc déopunc cival mdpa oAU peydAn
(100dUvapn pe Beppod avrikeipevo 10%°K).



Xpnhoeic laser

Compact disc

OTTIKEC IVEC
XelpoupVYIKEC emreppdoeic
THAEUETPIKEC OUOKEUEC

Epappovéc laser atnv TexvoAoyia



