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Uunilk - I

OStinakions, Opkics and Laders

l.a 8¢v4
—_—_—

Theory 6 Lagser - chavackevigkic - Sponkancovs and

Stimvlaked emission - Eindkeing Coefficienbs - Fopufal:ion

ovevdlon - Nd - yaa lader €0, AaSey

Semicopdue kor
Ia-801 = Bag"c

applicakions o7 dadery in indvshbay

) Pevive an eAHPILI8i0n oy Ernskeins A and B
Coefficienky (Elarl"val:a'on)

Einskein  inkyodvuced o Coe,p.f':‘CJ'aO):S Known
a8 Eindkein's A and B Coeffitienks Lo descirkbe
khe  ab8evpkion  apd emission  proceds .

When an eleekvomagnekic  8ignal 19 incident
on  an akom , khyee differenk  Process occour
1) Skimvlalked abdovplion
i) Sponkaneoud emigdion

i) Skimulab e d ermidan

Stimvulaked a.b.SmrP kion

The akoro in khe lowev enevgy Skake E,
abgovb8  vadiakion apd i3 ewtiked ko <dhe  highey 2 nergy
lovel Eg + Thig proteds id caned Ckimvlaked  og

indvted &bﬂo’l’?lzi 0N
Nab e N &

64



6 - <¢nevgy dendiby

N - norobty of akord

The numbev FG Sbimulﬂ.bEd abé’orp'r:.fﬁn kran8rkiend

occovtng v opilk Lime 18 ‘33\!1“ bH
Nap = BizN1 & —7 ()

wheve
B, 18 @ pr}f}wl:iona.\il:y Consarr
Thig PwCas.ﬂ ¢ an upwa‘rd byandiblon
By emikking g phokon &} enerdy hy Jn kwo wayd
a) Q?onl:ah.wt)& emiddion
b) 8himulaked epoission

Spankangevd Croiddion

Ghe akems in khe enecked Skake E, vebkowp ko
lower emev gy Skake E, by emikling a  phokon JL 2nevgy
eneigy hv  Wikb ovk the ‘nfluente &, any <Lxkernal
ageoty . Thid emiddion Aeghls vadtalkion ¢ Knewn
gponkansous oroif8ion .

The 7ake of Sponkantcous emidsion 8 diveckly
P10-P01|aional be dhe numwbey &g akems in Jhe ewxciked

enevgy Shake (Na.)
Nsp e N&
NJP ped ;‘ﬂ?_,} Na, — (2’)

Ag) - Pw,)-ovl'.fooa.]f'k}j Con dkank

Thig proceds 168 a dowoward hyapgilion

©
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Skimulaked

emigdion

34 dhe
the exerike

exciked akom }o

‘ghk  phokon

ig2 nerdeénk oD Fhe akom 1N

d enevgy Lhate, Lhe phokon Liiggerd -1 ha

make Eyandilien ko lewev eneviy E)

@lopg with emiggion g Phokond - Thig Kipd 0f emldsiol

of JLighk vadiakion g

Ngy & N, &

The  numbey of kvangiliions pev Second
Ner = Bo,

Shimulalbed 0 mnission

Np, & —> (3)

Bg,] - PTOPO'ILH-ODO.II'LE/I CQpJ']aﬂb
This process i aldo

R

downwavd kiapLikion

N2

Eax

&3 rov) & ked

| | |
Spordanzows| §limula ked J
[

hv

» . e
A ’]\G-b&wphion €middion | emiddio N

£

,nown QA8

and vpwa

The pmpoilas‘ona.h‘l;y

Evndkeind

id  kyandilions po S0cond A%¥C equal

Nap + Ngp =

Ay No + Bg N & = Bio N & — (k)
Reavvanqging  dhe

Bio N 6 — Bo i No & = Aoy Ny |
|

5\,(3:2. My = le”&)c A1 Na

CoﬂJh&(’?hS A}‘Z'./ B]Z , and BZJ aAvE. |

N

CoeffiCientsy A and B . |

Undey &G’Ut'\!”bﬁum Condilion, <lhe numbey o} o‘ownwaw’"

Nap —7 (4)

Subskikuking egns (13, (2D, (3) i'n L9n (4) |

egn (6) , we have

@ |
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3 ()

4 = A'J.INQ,
’ Blz,hh--_- Bg)Ng

Blvideng Numesakoy and deneminaleoy by By, s N,

§ . hung
Bz.llj/z,
| Blle _ BZI' 4
By N, Al
| 8 = Az ' - 3y ()
| By Big "\ N, _
| Bo,) N o,
II gub&‘hil:ul:l‘nj ’:J_.’... : ehv)wf
N,
4 = by _ ! DR Y

B (%) kT |
B
2)

Planck's vadialkion -Bofmula. ﬂt)o'r enevgy drolvitbvkion

i3 given by
8 = gshy® 1 v (9)
23 ew},urﬁ_’
Coroparnog dhe 2qnd (8) and [9a)
B _
By,
B]?o = BZ] ~7 (IO)
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S .
'nCe Bip = By, | Eingkeiny

[_LA aod B QDQ—]‘{‘!‘CI‘QnE.S’.

@‘@_vihe 8hovk nokes on

Coaffrcienks  ave kewmed o

i) Populakion inveydion
i) ehasgeleviskices o Ladev L;a_hb

1) Populakion inveydion

9k ¢ a Sikuakien in twhich khe numbey 0f Akems
io  highey eneygy dkake 18 move dhan dhal In lowex
th(jg gkake .

000 0o0eose0p0 00 090 £,

Novma) Condilion

The $balke S achieving  roove Nurbey o akomd 0
highey enevgy gkake than kbe Ebalk of lowev eneigy

ekake 18 Krowo a8 populabisn inverdion

P ¢ 0 © o o o © o
0 0 ® 0o © © © ¢ o ©
| Ko, ° Fa

E
N 2% 00 0 00 oo ¢ 0 J

@ /.\-6-]21 POPula:h‘ao invirdion
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|_§'_o_nd}):ion8 {o¥  populalkion invevsion

» Theva vk be ableask  Lwo enevgy levels

* Theve mugk be A Souvrce ko Supply Jbhe energy Eo
dhe  medium .

‘ The akome musk be Conkinuovdly qaiged Lo dhe
exeiked  Qlake .

(Ackive Medium o Maberia)
A medivm  in whith po]oulal-.ion

khavedhold Inveydilen dendiky 18 achieved 18
ackive medivem. 9k i8 algo called ackive makerial
dendiky whieh 8 jusk enovgh Eo
dhe medivm 18 caled

fnverdien above.

Known = a8

The i0verdvon
Compendabe o <Ihe lodseLd in
Ebyedhold  joverdion dendiky -

Puroping ackion
The pvocess ko achieye populahmn
khe roedium 18 Called pumping atkion .

inyoyslion 1i'n

Mebhod ¢ oy Puroping ackion

Jovt pumping ackion | They ave

) OPI:ical pomping [e-xcs‘ka.l:ion by Pkal:ond)

5y fleckwical digcharge (emeibakion by elockyons)

i) Riveck Converdion

iv) Unelagkic CoMigion bekween ghormd

1) opk ical pumping

oh
Ligh¥ phet F2 >E,

E)

©
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Whin 4he akoms aro owposed ko Aghk  vadialion oy
enYgy  hv, akoms in Abe Jewen eénevgy Skake abfork
khege w~adiation and go ko an peweiked dhake. This is

Koown @ 8 op!:lca.l Pumpt‘ng-
90 ia vded in  goled ghalke lagerd lcke Tuby

and NPA-NAQ \aderd .
) Eleekrical Ar‘.S’C}sa'rﬂe

Pureng khe coniaion , Jhe energy 6f -he elechkvond

i  brapsqerved ko gas  atomd- Theyoby al0md
This vedulkd In Papv]ar?fan

g&fr‘l

enovgy and go ko oxciked 8hake.
Joveydion . Thig 18 Knowo Q&8 eleekvical dischavge .

_ E2
N
Eleebvical digchavge mekbod

The enmevgy byandfey 19 vepvedenked by he equakion

» L
Ayl — A xe

A - Qag akem [or molecule) in guound Sbake

A - Same gas @kom in owcibed @nevgy Shakes
o* _ Eleokvon wikh move KipekiC €bevgy .

0 - Same elzclsmh wikh l1es8d anetgg .

Thig mekhod 0} pumping 18 vded in ga.s laders hike
avgo o and €0, ladevs .

iy PAiveck convevdran

Purcng  Jhe Tecombina bioo procede, -he
eleckyical epevgy 18 d!‘-racl:ly Converbed  nke Jfahk

enesqy .

i
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Whtn the  atomsg are pawpoded ko dvghk  vadiakion ay
€nvgy  hv, aktomd in dhe Jdowex energy ghake ablovb
khese wadiation and go ko an exeited dkakte. Thie ig

Knewn a8 onl'C.d' PUumﬂ ‘
9 8 vded in goled Qhalke lagevs ke Tuby

@od  NH-YAQ lagers

) Eleehvical 4 :‘Schawge

Pureng khe conceion Jhe ene?gy 6} —l_l-m. elechkvand

8 bransferved ko gad  akomd- Theyeby alomd
enevgy and g0 ko exciked 8bkake. Thie vedulkd D Papulﬂﬂfaﬂ
ipvevdion . Thig 18 Knowo Q9 eleckvical dischavge .

€2 .

Elechvical digehavge me khod
The enevgy brand{ev 8 7vepredenked by Jhe

ga.rn

aqualsfm

»
A%Q*.—-—s)A 4 €

A - Bas atom [or molecule) in ground Shake
A - Same qa$ abow in exciked @vesgy Skakes
o™ _ Elokyon wikh move KipekiC €nevgy .

o - Same alncbroh wikh legs anezgzj .

Thig roekhod € pumping 18 uvded in gas ladns ke
avgon and o, ladevs .

i) Biveck convevdion .

Qun‘ng the vecombinabion pryocese, -he

eleckyical  epavgy ¢ diveckly conveyhed inbo Jf?bb
eneiqy .

©
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Fleckvica) Fpevgly

r >

Gah.! /v—-h—.,—-y Ll‘ ’_’l_. é’n!.’l_f}f-
R Sy 9 9
' Sevn; condueto : —

i¥) 9nolashic Conmidion bebween Akomd

« A Combinalion of Lwo 90.8¢8 ( A& B) 18 vded

< The exc¢ibed enevgy levels g ga8¢es s A and B
Neawly Cointrdee oach odbhev -
£

. £q
0 7
g\l““o - /—2/
'”'nough
£ adomic

E,
CoVihoond

Adoro A MAtovo B

During  Abe  pleckyical disehavge | akoms of §as A

widh b2  elecdions

Aad — A ae

e . Elockyon widbh move Kinekic E’na'x@_y
e - Same elocChkvon widh tess eneigy .

Que kO ipeladkic Colidien, B akomd gain eneigy
and excited ko highev Skake BY. Mence A akoms
joge eneigy and 7ekuin ko lowew Shake

Atap — A B"

?eFu\akion invergion  ¢n tbe eépuvgy Skaley 6 B s
achieved - Thie rnethod 19 vded in 19e - Ne  lader .
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) _Chavackevighics g Ladev Lighk
The  fouv Ymporkank chavackeriskics

| 0 Migh  diveckionaliby

| i) wigh nkensikty

| i) 1-‘1#9)315 monothvomakic
| ) Mighly Cohevent

i I-h‘gh d.‘ncl:n'ona.ln'bj

» Ovdinavy Jt‘ﬂhl: Jouvee emik$ Jt‘ghl: in al drveckions .

. Lagdey Qourte erolkd J:‘gbh only 10 0ODL diweckion .
fivergence s Jdader bearo 18 very gmall.
Lager Light had high diveebionaliby,

:“) Migh Inkendiky
. Lader Sovrce wroikd light ad & noYTow beam
+ Prevqy 19 concentrated o a &man vagion
Contoptrakion of epergy gives & high snlkendity
to 4he Jager JLight
i) ighly monocehigmakit .
.o-rdino.tg Je‘ghh 3pmad3 ovey a wmelmgl:h Thange

U‘E ihe G'Hi!?l’ a'g o0 NM
arm had dbe ovdev &f DM

A . Ladgev be

iv) l-‘h’ghlg toberenk

. The J;'ghls oeroikted o a4 lagey Sovyle Condirékd

i, wave kvaind .
. Wave Liaind8 bave Same faequtoly, phade and

diveckion .
. They ave Cobevenk -
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Explain  the conekrvckion and Wwovking 6f Nd - YNG4

08¢y  widh npal diagram .

« 3k e a  ouv leve! tagerv .
Nd Qkand8 fov Neodymivum and YAG 47 YEEYium
Alvminivm  Ravnek ( Vo m;;f);z,>

jﬁfncrp\e
. The ackive medivm Nd-YAG vod i3 optically  porped

by Kvpkon $lagh kube .
« The neodgmium ong (Nals*) vl qaided ko oxciked

enevqy levels .
BUTL‘ng Evangikion <rorn mekadbkable Skake
ﬂ'round ahote a ladey beoam 0-6 wa,w,]gngl;h

ko

j.o0b4 Hm 18 oroikked.

congkyvckion

v A dmall amounk 6 ylkkrium ions (\43*) 78 veplaced
wikth peodymiom iond (Nd') in dhe actkive pmedivm
o, Nd-YAL qod

Nd -MABG C-;g&ha.l i¢ cuk inko a Cylindvical aod#

. The  end$ g Ahig vod ave highly pohished oand
opkically lak and pavallel .
» Rrypkon -.E’Ig_,s‘n Lube ave wepk in o an eNipkical

vegleekor  Caviky D ovdes Lo focv8 modk of Ehe
dighl: joko  Nd Va6 vod .

. Mivvovs M, [ bokal veflecker) and My (fPavbial ve;lacko:)
ack 09 a vedopmank Caviky .

. The power Supply aviangemenkt foikiakes he
ackion & {lagh lamp.
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« When the Plash tamp 19 eneygiged ik gives ovk
lighLt  ~vadiakion .
Nd3t  cone ek exeiked ko highey apervgy levels by
Absovbing  vadialions o wavelengdbs 08.93 Mm and
080 Mm Brom dhe inpuk lighk .

* By pon _vadakive kyansikions, “dhede oxeikbed NdZ2t Sond
dTOP ke mekadbable Skake Ea, anad hence Pppuld.]:fon

Invergion ;8 achieved bakween Ehe levels E, and Eg.

. Trangikion drom dbe  melkadgkable gkake Lo a  lowew
energy gkate leads Lo Mager oukput 5 waveleng L

I'obq M ['a'n.f'ra. v4d 'ugian) ]

Chavackeyrakics

GHPQ : Houvw level ladey
Ackive medivm © NdYAQ vod
Puroping Medhod . opkical puroping
kvypkon glash kube

Puroping Sour Le
OPl:ica.\ veSonakor : Gwo ends o Nd-YA6L vgd Poublished
widh 3ilvey

Powex OUI:PUL' L2 kv

Nabuve 6f ovkpol Pulded ov Condinuous beam 65 Lighs

wavedengih 6, sukpok ! 1.0b Mo Cm-j'w-nd)

Advanl’atj&!’
. Wigh Powev ovkpuk

Fasy bo achieve populakbion invevie

. Requives oply lowey LEhveshold Volkage .

@
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Rigadvan kages
—__——___-_--—_—'-————

Enevgy tavine o7 Nd?? cons  ave Comp\.‘cahed.

Applicationg

N P Jong diskance Communitcakion
dn Yemoke Sending

* In engineering applicalkiond like
ol‘rl‘nt‘na eke
In  roedica) aPPl-'(‘al:l'onS

vuvoltegy , pevroduigery ekc .

cukking , welding

like endodtopy , depkal Suaay

I
l‘ Ernplain Ehe rwodes e Vibiakiond 6 (0, molecuvle .
Regercbe  Ekhe  condkvuelion and woeyking g (0, Jda ge.

(with pnecegsary diagrams.

-9k 18 4 Jou¥ leve) wmolecvlay  gas ladev -
- Gvandikion  bakes place bekween wvibvalkional enarqy
States 6 cavbopdiowrde molecule s .

* Vewy efficienk  ladev .

‘9“2799 Skakes 6 (02 molecules
Ehyee fndapendsznl' modes.

Moleeuled Nibyakbesd ip
Ghey ave
i) 3gmm€h1|‘c Shahﬂhiﬂj ode

i) Bending mode

i) Adymmekvle J’ls‘relzc}n‘oﬁ mode ,

i) Symmobvic Skvelehing Mode
Vibvakion, Cavbon akom 8 at vesk

On Jhis mode 6,
Bokh 0Oatygen atorm8 Nibyake &ueh khak Hug are mawoﬁ

€ithey kowardd ov away from Jhe fixed Cavbon atom
again gl pach other.

| (2
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* Mente  Change in bond 1engkh 0aCuTd

——> &
5 £
—0@ &)

i) Bending mode

90 thie mode s wvibralion, both 0%Yygen atomd
apa Ccavben alkom Vibvake Pwpgndu‘cula)’ Lo mole culax

axyé .

| ) A.S(Jmmﬁl.ric S\n-z):chfnj
00 bid wode ¢f, Vibvalkion, bskb oxygee atomd and

Cavboo akem wibvale alyromebvicaly .
I

o >
®-= 2(O—@ T

94 cavboo akemw moved I'n one diveckion, oxyagen akoms

move 10 opposcte diveckion

‘P"r:‘nc:‘pll.
The lager kvansilion Lkaked place ‘betwesn tho

Vibrakional @pevgy 8baked of 0y moleculey .
Ht‘b 4"#"—'(&05

} U ro
Con 8§ byuekion &0&33)* va cu ‘MS%‘IJ
i 2 0.1‘
H.l v o ‘w:p ] i ™M 2. _-E't’-q\:o\g
¥ 'I"""
-
7
)
/ N T/
dully L (1) -
"r!j‘uc“ng . . b J ‘QOC‘ Lﬂ
iyve? ! w s aﬂuﬁ
" Power 8UpPly L e

&

7




¢« 3 Condidks o quorky dischorge Lube B M J.anj

and 2.F etwm in a diameled
+ The didchavge kube 18 grnzd wikh Ehe
nikyegen  and  helivm  wikh Suikbable
. Geyminald  eonnseked ko B.C. powey Supply -
« ol s s Ahi8 kubo ave -E.'hl;zd wilh Natl B

qas reiwkure 6% €9,

Pw‘gaun& .

owd by Windows.

Lagey Lighbb f]!,m.'m_l:.ld,
« M, and Hp are khe mirrerd -

R
Weor K tog Enevgy h CoWi o
JransheyiPr® &
—— E6 0819

N2, Loy,
When <he eleebvita) digtharge occurd in qad mixpie,
bhe oleekions Cotivde  wldb  pikvogen molecule s apd Jhey
~aiged ko owxcibed cenevgy Skales:

aae
process ¢ 'mp-m.snn}:.ad by Jhe ,g_c,oal,}an

[ dhe

»

N, - Nikvogen wmolecvle in {.]'mund gk ake

¢" - Fleckvon wikh high energy

Ny - Nikvogen  wolecule in excrked Qhatke
¢ _ Same eleebryor  wikh less e (nevgy .

eqeiked 4nevgy {ovel ) nn‘]ﬂﬂ_‘)xn 'S Nevy  clode ko By

enevgy love) of €02 roleculed

’ COE, MOlECUlLS &%Cikéd by Qne‘.gH l’-')’&né'ﬂa,r and
PoPulatl'Oﬂ ‘nvey8ion 18 achieved,

)
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1

b

The process g -rapva.senl:ad by Jhe aquabfﬂﬂ

No' 4 €0, —» €03 + Ny

Nh
2 - Np in oxecked Shake

oy - €0y i g'mund Skalke
Loy . L0, rn oxcclhed Srake
Ne, - N, in gvound Skale

Emitkted Phokon lm‘gan.s lagev ackion ¢p dbe Eube
wo pogachle kypes of lagey krangikion
) 4wangibion Ep-E,

Produces o Yager beam 6f wavelengkh lo.b Hm
W) Tyangibion Ep-Ey

Produces a logey beoam of wovelengIh 9.6 Hm .

* Powev ovkpuk ;8 10 KW .

chavackerighied

Gype - Molecular qag God Fouv leve) lasew

Ackive medivm ¢ €0y, Ny and #Me

Fumping roedhod 1 Fleckvical digehavge medhod.

opkital wedonakoy ' Hwo Cenlave mivyovd

Power  oukpuk c o KW

Nokure 6 ovkpuk  : Conkinuvoud Wave gy Pulsed waye.
Wavelengh st qukpuk 1 4.6 Hm aod 0.4 Hm

Advankaged

. l—ligthswm .gul:.Pu)s

¢ Sirple Congkruckion

. Migh effreienty

-G‘meua[wm Can be 7edvced bH olecnaé'rng Jhe
diameker of dhe dube .

(%)
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* Conkamina kion 0 9a8es may occur which decveades

la ey efficiency.
ovkpul o ppie

teney dannds 00 Opevaking l-.emper'a.l:vre.
CovyoS8ion mAY  peayy

APP‘!‘ takionyg

v In makerial Procesdiog like wWelding , Cukking alzillioﬂ
* In vemoke 8ending

« 0p opeo Y Commupicalkion

- Jo mitvo 3urgery |, pisedless Surgery denkal Care,
30 livey and Iung Aidea 329 .

Eseplain  khe prioctple  tonskvuckion apd  wevlting o
. Semicopdvelor dipde lagey  widh

neceddary dfa._g-xa_ms
[Mamojunchn‘on and I-ml:-ewjuncl:ionj

@) Semitonduetlkoy \agev fl-lo.mojoncl:fanj

" SPI_CL'&“H -Gabwic.ah:.-d P-n lunt?::'a_n diod e
v B ﬂoywa}d blag when ik 18 forwoerd biad

Priocople

l when the P-n Junel:fnn disde i tawwmd-bl‘a&ed
4Abe oleckvond 'gwom N-. 713;.,,0 and heles {rom P.mj.‘an
cv088 4be Junchl‘on and gecorabine With cach edber,

Quring he veeombinalion proteds, dhe Wght aaoiadlon
ie veleaded  pvows  diweek band gap Semicendvckors like

y . g . J—,‘a
(o h8 - Thid “ﬁ}‘ih yadiakiem & Knowa A YeLtomblndd»ao

nyadiabioo

@
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) BU””Q Yetombioakion Skimvlabia obhev eleckions  and

heles Jso Yecombing .

Slimulaked gopigsion kLalkes P)aci aod lasey l«'ﬂ“ o
Produced . 389
u\job
Qo

P n
® o © e o
DO e O 06

O 0 ® ® 0 —/\/\f‘——'7

¢roigslon oy
=i Photon hv

lnalu
valtnte
- hand

Con8kyvuekion

v The diode 8 made from  Sermicondvctoy maberra) Gahs.

* Cyy8kal 18 cevk yn khe fovm rg a Plakelek }s&v:‘nﬂ a
Ehieknes s 0{ 0.6 mm .

v The wekal olsekvodes ave

Connecked ko bokh up per
and lowey Suijaed

5‘, Semictonduct bow d:‘ode.
F ':]orwd.'id bra § volhage le O.PF)?

ed -Hwaugh meta)
eleckrodey -

The 8ided % P and N J:l-mough whith Fbo eomikrod
Ngbk i3 toming vk ave weh polrshod apd Paa e
o one another and Jhey eopckitvbe  khe oplieal)
Yegonakor Sydbem .

The bakkevy pyovides Jhe netedsary biad 4o Jhe
diode -
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|
/\ e
21 |
‘_—-—,— P.- kHPa /"
L U . o ¢
2 /?____--—-———-———1"\-‘;"-”—4’7
20 (00 . g
PO A-kype / pubpuls

'NO'rR-fnﬂ

The Pn junckion g -Eovwa'ml biaded wikh darge
Applied volkage .

+ The leckvens Jrom - dtde and holes From P.Side
ane l‘njﬂcl:c.d ko kbhe Juncl:faﬂ Tegion V0 Condiderabl
Con €enkvakion -

. Thae omted8 mipoviky aletbvon o khe P vegion a nd
o088 poinoviby holed in kEhe n.vegion Prodvee populatin
ioverdton 6f  minoviky Chavge Carviers -
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