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Chup‘tev‘ £1): Introduction to the Loser
i
The luser is one of the mosl autstamdiuﬁ achievements of sc-‘-ifnce

: r*ul:-d laser im 1260 , lasers and lager systems br‘uusfdt aboul = r‘evolathn n
| verious Fislds of sciemce. and technalaﬂj. 'I'.:-J....J . wide uFP“Cﬂtiln‘ of I'a'r..ser"s
in life, i'acluatrj , medicing wnd Communmicaliong are gmpiajeJ,du $o the

| specific properties of the laser radiation, high coherence , meanachromati¢ity,

and diree tivibg .

- 1.1- Historica! Review oF the Laser
| The prepesal that ?urtic.les oF lu'ji«t { Photons) with eneryy J;Ffrtn'cular
"Fre-juencj could stimulats abomic electrons to emit radimat snergy nu‘u light
L o¥ the Swume ?p,g?ueucj wos made h,_'j Albert Einstein in 1917 . This|
Phevomena is the key o the operation of the luser. The term "‘Lnier” in
| Facts is aw acrongm for Light amplification by stimulaled emission of
Yoidiation. :
In 1958, C. H. Townes and Al. Shawlow published « praposal that the
Principléc g:mi‘.v]nSEJ in microwave smplification Imj stivulat od emissim?,ta
produce the maser, could be extended to ble smplification of light. AI few
| Years later, the First lager was suvenled L.ﬂ T H. Maimen, 1L c;nsisb;ed of

s ruby vod Cerystal 3, with wirvored ends, thal wos swrrownded by |

o helical flash lamp - Shurtlﬂ after this, o helium — eon (He—Na ) ges !uﬁﬂr
wolg dew.'loPEJ,b:] Jeven s Beunett, and Herriott. The First carbon djexide

| (C0y) laser belanﬂs to C.-Patal, whoe did his work o Balt NSuborateorids . In
1962-£3 the First semiconductor lasers were demonstiated_in the “’1:‘*"“1

States and jn the former. Soviet Union. bum'w.n the 19705 Sciantists |he3u

to discever and developadmere various ‘!}Hpes ol lesers .




1-2 Properties of Lausev Light
| Leser rodiabion s characterized by o Eﬂremellj higyle dﬂ‘p‘!&! F pragerties
 sueh as meons chrowatbicity , ﬁnh&r'enéf,clim:tianuhta  Zh Lrighbness .
- Mouscheomaticity ; . |

The laser vadiation consists of a parrow ronge o¥ ?requeneias - The Iertae.r
linewidth {stimujated emigsion) is often much warrewer by &S meuch ra Six

ovder of madnitude than the ususl Lngwidth of wsual seuvess {s postaugous

! emigsiond, Fiq- lk 1) T i I
g Emi{:,.l:.:d . Spontancows Ewitted wlakad
Powér 2L iawm Pawer Jam
Vinawidth Hn widih
I 5 — k-apsf |
Fig . (1-1) Frequency ——r -Frﬂu:--:d—-a-

| The F‘rnFtPtj of muuc,l..ramn'bmrtj is cccuved due to the gnllewfnﬂ +wre
CivrumsStances :
Sy Duia-m eI'Eatramaﬁruﬂtfc wave of ?rg?'uencg ), of the active leser t.rﬂnsii‘..ian
Lo be anH-Fied. _ .'
i . |
(a2 GEcﬂlntwu Cﬂ.n S AP aulﬂ at the ressuwant ?rccf westcies of rﬁgﬁuut‘m\“-ﬁa

{ Fovwms frowe bwo mmimpss drunuﬁameﬂt}

Colieveuce ;
| The laser radiation is spatiolly and temporally coherent . The gicc,trnrnm%uﬂ.t;b
Sield o ol poits in the radistion ccillafes in o stemdy ; predicatable pase
Svom one peinl in dinag to- any obher powil in time.
Spatial cohevence; Cousider twe peials P ound B+ thal ; ut ime tzo, lie om

| the o g wavefvoul o} Sowle oiven e!ectram;gnet:c wowe anad [at E,(t) lard

CEylt) be tj'l-d! C.-V*FE!-ann’.iﬂﬂ -electric Figlds at these pointe, Ela dafinitign 5 The
| difference batween the phuses of the twe fields ot time +zo |s zevo Now

}-? this differemce remains zere at ctny timeg Lo, we will Souy ¢ -there
it aperfect coherance between bwe points - 1% this ccewrs- Sor iy tweo
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|
points-of the &i&r.tfﬁmﬁhﬂtic--—wﬂv’ﬂ Sront , wa will Sy tlhal the wwa have

perfectiy- calravent Wnl\Tﬁ

| perfect spatial coheremce-, Fig(] -2

o thesiorent wavess

!xW Xp NN Y

1

| >

| - ‘ Figg- (12D |

I.Tgmpam'l comerence ] Cowsider the electric $ield of the-sleetvemagngtic wave
P ﬁwe,n'-puin‘t ps o times t-snd &+ 7. I, for o given bime delay 23, the
; plumsé diffevence between the two Field values remains the-Seme For| oy

hime by we widl Sem Llnf tloare is. tewmporel cohevence over kime . [IF thic

| oceurs ¥ow sy vellue ag.t :--th&--&lEEEtanﬂuEt-iﬂ wave waillla@ __E.u'nJ {p have

| Fer‘?ecft. ﬂmFam\ coharance s Ffﬁ'(fﬁz} -

| Divectionaliby;
| The ‘\asev vadiabion is limited fo swmll angle = diveryence, frome o« foww

tenths o ot milliradion to w-few millivedions . Divectionality oecurs due to

»

| the optical resomant cavity.thsb, confines the path of the \user boam
Whay lesey “3ht tmppaal b etween -bwu wiipyors , snd pr-apd-a'nﬂnﬂ -l-lnu-d ‘l'-rln..ra muiba

- divestion,

The laser booum divergence ig given by

low diver:de.mce--a-? oubpul laser oo Cau bhe Mkivﬂ;--Fi-&-{i. B

consLant phases

i | supfmce
8= Sin .FL) My / /S \\.,,.M,-_
. MW, | ' .

| N Y . # .
!

-

o




i Briﬁhtnﬂ.i;

Beightness is defined as the power ewmitted per uail wrauw per Mlt selid

(omale (the ST uaibs of bLrightuess are thus W w2 s/ ), Fig-C1-4) |

P.o.w'er ewitted (P
Aavea (A} X Sclid angle ALY

Brightuess (B) = -+ K 1'2!)

The inter radiction has a-brightness which is sboull on@ teo ten orders
af m-ﬁnituéﬂ ﬂhemt&\" thovn—the briﬂhtnesi of the tonveubional seweces.) Tiis

: ig'miulj-;{ug Lo the high directionality of Lhe laser heam.
Hilﬂlﬁ brightuess is essewhial-Yor the de'.‘-.uerﬁ a¥ hlﬁh power Eew wail) .iureu
[ to o *iwr*ﬂet. g -




Preblems Chapter(1}:(Properties of Laser Light)

11 The part. o§ the e.mr spectrune thal js of interest in the |user -F.‘eldi starls
Frow the submillimeler wave vegion and goes down in wavelangth Lo the » -rwy
region-This covers the foilowing regions in Succession 1 (1) Far infrared ;
{2) near wbraved ; (33 visible} (42 ultraviolel ( uv); €5) varwuwm ultmum[ﬂ;wuv}
6)-Sefk - req ; (F) ®x-voy- Frowm  stamdord textbooks Find the Wﬂﬂlenﬂth

-mtew-a'ls & the abayve Vegions .

E(Mﬂmlze or récerd these inlervais siuce thay wre gr‘g‘Tuenﬂd used in thig #'l‘.u.nla)

- Soludisw: The giectramuanetic-spedrm.(r-_-ﬁ;ans;]

A

'T-ape of wwelwﬂth Fretfuenr_ﬂ Gl ot ot see energy
yadisilion i ) {HzY (@ ¥}
3 -
100 km % Y10 12 x 1o
Radie wWaves
g -6
00 W 10 z x 10
:M_:m-uwmves
12 -
-t G Jrmim 10 “« X 10 -
Tifrared -
o 10t 1.8 :
07 po 4-3 X "
Visible »
[ 'l.':
O b pawy F-5x 12 31 n,
Mbypavistel %
-
0.0F piw 10 £8$0 ‘i
# Feys f
18 &4 3
ey o1 nm Ix 10 t-2x 18 i X
Y vays
20 &
1.0.pm 3 x 10 1.2 x 10




1-2 Argon ien leser light of waovelength L= 488 mu falls oste o metal
iur;'uc.e which has o« work -Rtm:tiun b & 2.2 V. Calewlate the matxhé{m

kinetic energy oF the photoelectrons emitted -

Solution -

Einstein in 1905 explained the photogleciric effect ¢ vadiation ineidedt
om wietal surfoces releases ajectrons) very Eimpla j berms of Lwe
imcidedt Hght consisting of smell bundles of energy or purticles which he
called photons. He seid that- the emergy of a pheton was praportionsl te
ite ;;—.:Tueuch that js, E= hy , where h is the Plunck coungtant.

An iucident photen cowm the.u.igpart its ewmcrgy to « sinﬂle electiram 5iv?nﬁ
b o swificient amoudt  of enerygy » ¢, the work funcltion, to sverceme 4Lhe
forces helding i\t to the swurfece of the wetal omd to jmpwt to it

o cerbain amount of kinetic eumerdy ,Twal is,

= = a1 ®
Ezhy=¢ + gm7",
where n s the mass of the electrov amd or jls velocity

The engray of fhe incidest photons is
f'lC, _ GB«8Z6 X 10”3 T5 x 2.998 x 109 wis

A HER * 10-9 i

-1

407 x 1077 3

The werk ?ma.tiaw is

¢ = 2.2eV
-19 -19
= 2.2 X t-6 X 1o = B3B3 X 10 3
Thevelore, nwkimum . Kinelic energy of the photoelectrens is
(4.07 - 352> % 1072 = 0.55 x 107"

T = o594 V.




-

1.3 Colewtate the maximuw value of the work Puxction of a f-hntrxathn[e

. which could be used in mphahruulhphef- te detect the yraew line ogl‘tlu:
- HeNe laser oF wweiength B4 n.5 nht.

 Solution;

The moaximuwm value of the werk Sunction of such « Iahat'ac.l-‘th.m:te_, e

when - bhe- -mcidenl phebon imparl s cneryy teo « single elestron Prving b
anlu-----muut ng Mﬂj—,—qﬁ > thoe werk ;fuwu:t; e L€,

E=hy = ®+3mv’ = @,

The - Haxintwm war-k--?uuhtan VS

- ) e
" * g 626 x 16°3% Is X 2.998 X 10 mS

43 .5 X 1072 ma

= Z.86 X Iﬂ_HJ oy 2.29 &V

t-4 Ln Yauu;;'-‘s ::x?e;r-iuent For interference, the separation of nﬁdhhorma bii gkt
: -fr"m.ges is approximately AD/d, wheve X is the w«alauﬂth--e.g the 'Iiah‘t used
. D the distwnce from light -seurces to screewu and d is the ssporation of .the
- Sources. Guiven that the sources owe 2wt opmrl and the screan ip 05 m

aparl from the sourcas, Find the ;r';ug& SpHcing for tha rad liue oF aiHaNe
lagser { A= 6328 nm}.

Sﬂ“-ﬁthu 4

| A
A sapdwnttan =5 neiﬂhhw?uﬂ

bright Fringes is - P]
U AL,

Sourg c*
d

€32.8 X 15 m % ©:85 m

Irradidnca

disbwibutinm
Ixie™F

0: AT vawm

1
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215 Calculate the Gawussion bLeew diveryeuce of HeNe laser (A = E.S'.zium}
which hus a comfocal Caviby -with o minimum beam radius {Wntistj

| W = 0.22 mm

Solution :
+The leser beeam divergence-is given by . .
. =1 A )
Sﬂﬂﬂ;‘oc.‘l - Sin (—ﬁ:) ______

Sl ( £33%10™° e
[ |
TXRZ2:2X10"4im

-

= 0.916 wmpad

. (_V‘nﬁ.J = 1__ﬁ_u deﬂpee)

= ﬂ+ﬂ£2°

1.6 Caleculate the beoum divergencss i o semicenductor { G A%D l-ts.ﬂr
(% = 500 wm) whose active region has cross-sectional diwensions of
T B e X A0 pie, Perpendicular to tike pPlung of the Junction . L

| Selution:
An apariure oF dimeusion d gives rise
te wnt smgular divergence given by G Ag A
. N E.‘wd(kl}-d) , Luser  /

(wher j¢ is o wumben of-owder wniby (K=1).

-1 -3
= {:‘;I\ 50:!3 1{} v _ [ _ o
By = Sin sxi-a'-sm)'ax"“d“'?

~1 -9
8. = Sin 90610 m Y=z 06.09 rad .= £.9"
5 " 10 ¥ 196 4 ) P =52

=




-1--'3 Compare the cohepevece I'a.-;uaths of cenveulional end |user rudiation sources.
?IS the vadiation smitted fromt o low- pressure Sodium lamp with «o -I:,.u‘.";|c¢|
limewidth 5§ Sediuwt. D lines. (both lines bakew toaelher) ot A= 583 pMm s
54 x.10" Hz » and if the laser radiation ab ALz 6ZF uwm smitted E'mm

fd HeNe lszew aPEFﬂ.tlﬂ‘a M ﬂSrmﬁle m::el: with linewidth of 1MHz.

- Selution

C The colrerence bime (t,_-_. = Le /e it the time token for « Source to iemil,
a wevelergtl, of length—Le - where ¢ iz the velocit:; of lieﬁl-.t

Twe coherence time is reluted to the linewidth of the cmission (aY) via

't'rtﬂ e.fbtﬁ.‘h'on

1
T Ay /\ A '
t, = 1 = 2315 s \/ \/ \ ;

5*’ ’; ?G’i Hz

A2 /\ /\ /\
thew, L, = Ct, = Sxmgms X 2%X10
= & x 10 qhﬂl - Q‘E'P‘HM v v
rTwn- |J¢r¢t|u| wmctr----ﬁ nf
luﬂt.
We  winy conlrast these velues with thoge applicable t, the HeNe lgser.
1f the luser is sperating jn a single mode stabilized te 1MHz , thew , the

I
7-'

Coherence Lime is,

-
‘Ec - 1 — 1-* 1{} 5
1 X106 Hz

= -5
- 'Htﬂvn-ch & X taﬁms 'xfﬁ--S:EDGM

Now +§ the HeMNe laser ia--apemtinﬁ in sy mclcs_, wiibh linawidtih is ilbmlt

{5066 MH=zx, ﬂiv;nﬂ m@kﬂr&nm--lmﬂth-ﬂf'
L., = 165 s % L = O
ol Bx 16 m§ TEGDKTQ‘S"‘T D22 v

Cbhen, the roharence ‘lengthis seme

1500 times ifss.




1.8

;‘Sﬁlu‘tieni - |

Calcuiate  the bright ness oF o laser beam frow o HeNe laser with wa tpu.'b

aE’ 5 vw , ond o bacum d.wrame of 52x10° 7 rad. If the redius o the a-:r

Spel is 0.7 mme .
|

. Brightness is defingd as the Pawcr emitted per unit ared por usit solid angle.

"T'he beam dwemgme 5.2 Xia” 5 pad Carrsspan.ﬁs tn u-.s_g:'a_iql u.nal.g F T K 92} .

The laster spu't ave s (T x rE),

I‘ The bﬁishtuﬂﬁﬂ o¥ the loger boater i,

L me? = W(E:xm ) = 3-5x1n'95r-

2 -7
Az Tr2 o Tr(s.3 x40 m)z28x%x10 m.

“ -3 .
B = P = SXx10 " W 5 -"--inﬂizw:nrfzsr'q.
A x5 (282 30" Tud) (Z-5X16775¢ ) ;

; " . -z =1
For Cewpanison purpeses the -hriak‘tness of the sum is o mere 1.3 X165 Wi 2sr .

Note: Brightuass values as high as 10 wwi 25y howe beem wechieved Usiny

wn N glass laser ?gumeé...hﬂ optice) amplifiers.

1.9 Cousider o 1 mw HeNe 11;5:?.!*'- LA = 63F vm) with a -aninn Veus of F| veumber

e,‘rug] i . Determing the powenr -per wnil orea of the Famiuﬁ Joger besiina.

.Solu.tinm B .

- All loger beams posses o swmall degree of dimnme - The Gouussion luser bess

will diverge ¢ gp-.-e.n-&) ob compuratively lurge dishances from the laser auwlpul .

A gutiable ?&-uu&inﬂ Cun-\rarﬁiﬂ.g.} lems jugerted into the diﬂ'ﬂlﬂaiuﬁ haam rovarses

wlu:re § ound Doswmg the focml length omd dicmeter of - the-long .-

the situntion; that is to eroduct. o converging bewm thel is focused al distance
(nearly esual to §, (the foeul length-of the lensd. |
The focused beam wwudiug s given by 4
}"‘5 = -%T-IF r
whepe F is known ous the F nwmber of the lens osud ig -ﬂiﬂu-h-‘j Fe= #j[} '

10
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! The f’-nwcr---pe-r umt-we_u--{{r-mle) i E-.[H,Itl ta -
P___ P P ___mP _ ‘
A T K? T2 AF)? = 4R3F? |
! - BA4 x(1X 107 % w) 2 2 x16° W2

GX(EZIX10™ M) 5t 152
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Chapter (23 Operation of Laser

24 Emission oand Abserplion of Light

 Consider on abom hauvins ealy-bwo ewergy levels , o wpper lavel Ep owid Jowey
level Eq , ot shawst in Fiop(2.1) Under serwal comditions the atewm will be iv the
lower level as Fh:faﬁcdl systems tend o the lowest possible ensray stabs .
.E.u.f-fmsc That the odowt-in the lawer level is exposed to vodiodisw o -’;r'equcMﬂ}j
|p1’ where ).%1-.:_(5.2----51)/11- cems 21D |

]
‘ T y O . Ei i Ez —¥ IE‘!
h,, b L hy
e Ty 21
| 2=
3 AvAVAV™ AVA:
It .
b \" |
(€= - EI LB £y G) |EF1'
Fig-t2.1) |

. The atow will absork o photon wmmad be excited to the upper level E; - This
‘Prac.e-s.s is veferred bo ag stimwuted sbsorplion. Fig.2-1(#). After o §

| namosecends » the excited atow {stow in the higher emergy laveld will epdt

@ photon oF eneryy lnum = E; - E, and retury bs the lowesr [myel.- In 1317 Einkiein

Skowed thel the @mission process Can occar in two guite distivet ways)whicl
ore shimarloted emissien, Fig.2.1(b) or spentavecus emission ., Figgalc) )
There are two very imperiaul properiies of phe photon preduced by stinjuleded
emission, Finghly, the stimulated photon has the same energy-osthe ‘Etfﬁ&rld-tl‘nﬂ

| pheton ond hewce the ossociatgd pholew (weore) st have tha Ewmg § 4

Secondly the light weves associsted with the twe phetons ave tw phuse

have the same state of pelarizabion This mewns that the stimuated wpve add
;tn the incidewlt wove en o cansiructive basis , thersby im.eﬂ;jn.a its "*"“Pl1“*‘-*-"-lf 5
which give rise for the possibility-of Vighl awmplification by stiwuluted i dioes
of padiation. Stimmulated radiation s coheredt, Liwl is, all of the waves mgking u
| o boound of such vadiation ave identical in phease amd enerey {wuvelenyth ).

Under novwal conditions of thavmal e?uiiibrim sponlenesus emission 3§ much

movi@ probable Thms stimulated smission (by o fuctor of olkout-10¥% 1 1)

12




Iﬂm&ra?are the yadiabion Sram most radiation Seurce % incahared . |
| Tie lager aelion. is possible ouly i} the atomic systew. i im viem thT'J,rwmd
|£§uilibrium concibion. - - - . - ‘
| The Einstein relationwss - | |
| Einstein showed thalt the thres  processes of stimulated sbsewplion, stim laled
| emission- ond spontungeus—emission are veloted snathemettically sdlat the rede
| oF apward-brovsitions( frem-Erto £2) pacst equal the vais Jd-w"wT

I trangitions ( Frew Ez te-Eq )—-?crhn‘tomic s.b.stem in thevrmal. G-«f-l-l-”flbr"l'um o+

|
- ctimulotad absorption rate = N _E Bz e LAY

1§ theve are Ky otbeoms -in the anergy level &4 5 thew |

l

;l Wkerg,‘ﬁ. is the eneryy dﬁﬂsitﬂ-g? the absorbed Pltﬂtnw ,I:':, = nby , (,%1 is the
| number of phatons per wit volume . |

. Big s o constowb coelSicient-For o given paiv o8 energy lovel.

Iglml\arl-:{ . there are Ny aboms -per unit volumwe in the ensrgy leval B, Ahan
l._.- Slimutaled emission prate = Nﬂ.)?, B ee (2492 ET.

.I where adain Bz is uc.-ns_tm‘t-?er the poir of cueryy levals iuua'-HE.LL
|'T_'h..& spontangaus ewisSion vale depends on the avaraye Lifetime , Ty » e the
atowis in the excited stote {level) E;.

Spontangons emission .rale = Ny Az eee (2W)

I priems

| The constants Agy s By, wnd Bz are called the Eimesiein cesbfici Vs 5 wnd
the ralatisnships Latween them Lov the alomic 5&&5":3” im tharmal e_quT

| st be., N & =P '—""Nuf, By + NpAgg - e L3e5) |

Fram this E—-Tl.l'.q.tian |

! _P = Am/a‘ﬂ . o-e CR-BD |
| o (Bia Nt / BaaNa) — 1

| .j-—hﬁ' umber N,_j' o mbowrg mthe jf_‘,j. level (er populutu'auﬂ} of the variows
Ienarﬂu- levels £; o * Systam b thermad g‘ruil‘ibr:’m s given by Balt z papnn

|d|'stv-ilnu‘tiuu (stutistics) ; |

| Nj = N, exp(~Ej/KT) e (AT

| z, 5”1’{-" E:'HHTJ |
& |

IWHsrﬂ N, i the total nwmbar of otoms ond Ej is the casryy of the level -
| 13




Fromw this equalion , the ratic-of the populaticns Ny aud AL in the levels
By and -Ez s . N
::FI = expL{Ez~E)/KT] e 28

z
‘ ﬂl"""--é-kfl"ﬂ;wf‘f s ubstituﬁﬂj- ET. 2% +eta E?. {2-6) M“,‘,‘J E?, {1‘_.1 Y5 Sttﬁ
o |

|
| £ = Azr/ B Ce e L 249) |
| »  Bya/Bay exp(hy/KT ) — 1

I Algo _f---l::ecdu.sf-'the-pl.tamic:--—s.'j.s,‘{.em 1S et e.7ur'“i-nﬂium, 'Ltl.e---mi'lﬂt.;ﬁﬂ offl atems
wivel be idextical te l.-:'lwzk-bnij radiabiorn which caum be deserthad by this

‘ﬂfuﬂtiﬂﬂ: S
gmrhy
! . g B E-b
v cd (ﬂP(Lu/HT) =1 ) (2
| . |
‘ C‘umpaminﬂ E.a;s. {1 ) owd (2. }’erﬁ 3 ﬁe“: i
1)
312 —1 Bﬂ‘\ e 11‘111 |
oid
| = —3-"-]”1’3 RENLY
| Az = By Z—3 -t ‘

.I'-I'us.c E-fuu&'f'l‘aﬂq. e known as tlee Efmstein relutisng .
Framw +£he last qu&tl‘aw £2.12) , the ratic of the rotes of spontangous and

stivanloted pnaizsion can be evaluwied for o yiveu peoir o enevey lg«rel& in

L thermod equilibrivw with the radistion.

S0 twal this yatio,R,-is

. 3
| c ﬁv:.-—N‘zAﬂ'f - ET”‘:? s {243
MJB;i_f;, j;(:
| Substituting for P Srow Eq.(2.8) thes gives
| = v rg v i o v
R = exp(2Z--1) ces L2-14D

.. .
Undes condibions oF therwisl cqetilibrive , the vete of spoutansons emission
is wtich wmare probable them . EhE rate of stimulaled ewtission. Henee 1o chtain

.'l(:i-s.sel" ﬁ.:‘.tiau, =4 Honther‘md| .g-_qru .'“Lr-‘iu.m (_nnch'bians Hu&t be 5.‘“;;#4,{:.!.*“&

| popwlation density af the higher eaergy levels ninst he increased al the pxpanse

of lowg»..cm,w:m lewels . This is Kuewn ok Populut;gu.iwgrs;,“ .
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2.2 Pepulabion Iuversion

| The Boltzmann distribution aurrcspomlung to thernal esuilibrivm, a?
d‘f:ﬂwu: systemws of twe eneryy leaels s ﬁw&A by

| - Ny = Nyexp [ —(E;—E,)/wT] S~ €2-18)
Frow thig Ey-(R-15) 5 Ny cam approack, bul never exceed Ny, if the atemiz

systew is in thermal ea!uifibriuh-t. Fij %:2(Y . Hence for Ny te excced [Ny, ie.

to create a population . invarsion in the atemic system , « nonthersial eq H R
Conditions must be achieved . Popwlation inversion can ba created, whes the
dtovrs within the later medium i excited or F"""’Pe‘l inle o meneyuilibeium
distribution , Fiq 2.2tb), threugh the applicedion of o lurge stmsunt of enersy

te the wigediunr from ous external Source .

\ Ltherma) equi“hrium \ Hpuﬂtw._ile1uﬂfhriu;u
EA _\ E‘-_a \\ _r
i '\ E \ |
vl-. E;.
: “ Y t
. . |
! | NSNS Na > Ny \HL |
| £4 ; H‘]' — = [ |
| L | I I ! T
Y, A, Ny N
@ N, (b> . 2 |
Fig- (225

l In nonthermal equilibriam or -aomequilibriume distribation , .pepuletion jwversion
it incremsed and a \uwﬂe auwher of trangition Cun then be stimulaled -frTM the
higher level Lo the lower 1evel with the emiscion of coherant rediction.
For au atomic system of thees Emeryy tevels , Laser action with the |ewmission

of vadiation Lhen sccure due-te shimudaled Erwacitions ;’MH leve! two Lo the

:}Fomd level . Eu&-u latar '8 ong of Lthe three enecryy levels sustem whm'l. awul

vred leser «L 94 warzel eugtl .




2-3 Eneegy Puwping |
There are several mebheds of nevdy pumping « collpetion of atoms of laser
etetive maberial, which are opbical radiation , slectpical d.s;kura«: . pufsoqe
_"ﬂ; & current , Pras cicctrom bamhmr‘q’maﬂt, release o chemical energy , »rncd
obthers. Opticul ond electrical discharge puwpings are the mest camwmap
melheds applicd jn lusers. with oifferent energy level schames.

I§ we congider the proklew a{f f-:«-nduc;'n.rj ﬁ-PﬂPani}ian inversion Lo o s:mpie

| twa - energy level systens by oplicml puwping. Many dtiows will abserb the

-P‘a.oliv}tion and be grcited Prom level Es bo E; - AL best, becuugs the cqnstoud

[ Coefficients By = Bzi s even with very inlense irrodicution the coudition

of the populalions of the upper amd fower encrygy levels cam only be e

ej’u..al (N, = N,) s then, the obaerplion and stimulaled procesges will
i Componsale ome ansther. This situtation is often refarrad ta ws twe-level
Sﬂtul":&t:ﬂn We Cou sge , with just that two-levsl system, it is rmpfsmhle
thevegare to produce o populalion imversion. Hemce opticul pumriping , qM\
“indeed most other prming mebhods, s Yequires either m thred- or uf ap -
energy level systems . T
Thres Engray levels System

L three enersgy \evels syslem. Fin.€2-3) 5 the later active medium
Huminated by intense radistion from o flash tubs and o lurge number of

| atoms ame pumped inbe the wupper eusrgy level E, from the nroand smeryy
level E. b:j uLsantlaH o vadiation o¥% Szraquencb«

From level E; the atowms decay into TE |
level E, ond = population inversion accurs E, SrEEEasmars
| between the levels Eq and £, when N, Rupid decuy

excesds A, - The wainimum pumping for £, i

population invergion vequired yapid pumping AN

‘Ii‘:runsi'bian of stoms Frowm Ea te £y, Lusee Lrgnsikion |

| {Less than the life time af adow 1w the
E

- excited levels of tle order of 10'3{.& )

107 secends) - : ad

; : Fig.a.3)
| 716




g
i ‘:FJF these conditions ave -Sutisfied atoms can be puwped Huichly Fr-na'rw E,

vie E; inte E,, where they sccumalate, so thal the population N, hkﬁlds
wp. Since the populabion invergion is achieved, otiplificotion of mqliui:ien
! of grequenﬂg M, = (E4—E,) [h com be obtained by stimuletad e,misq:'iau
| Lyem Eq to E, - ' .
The thres - levels sustew requires very high pumping power, hgms# the
eneryy ra?ur'r*cd to puksp kalf of the totw! mumber of atoms in the 5ﬂstem
Cinte £, via £, it wasted. Therefore , the three - energy lovels systems ic
ine$ficient .
Fouv - Enerdy Lewels System
In foun anergy lesels system Fiq-C2-4),; the population of the eneryy

;\Eve'ls. E:s Egs and Ex ore all effactively zere before pumping commences.

:Pumpinn‘ excites slems Lrom the ﬁramd Sngryy level B, inte level Eg » whence
[ tl"e’b‘ deadﬂ mpi&]td inke the metastabis TE
| £

: entegy level By, g0 thal M, increases =
. Rapid decoy
Hmf‘ldl‘ﬁ te ﬁivﬂ' Pupuln’nian mversion E, "
between £; and By ; sad then lager 8 A
| T AT
| Troamsition n‘p g"‘f—ﬁfMHC‘-lj} E’ |

Uy = (B, "Er)"”t
' Conn be ohtained iﬂﬁ stimulatad
: E.MiSS-IIﬂW ;.Y‘nwl E’g to E, '
1§ the lifetime of the tramsition

if&‘!‘:“ﬂ) Srpm level £, to level Eq

i5 sherl ; then the popul abion
||'vwersieu toun be maintained gu.sil:j

Lkl medest Pmtplluﬁ .
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Proklews Chapter ()1 { Cperation of Luser) |

1 Caleulabe the vutie of the-vates of spanbancous and stimuleted cuission (R)
for-the- light emittad by o elestric discharge in & gous such ag Neon i the
Helium —MNeam { HeNe) lausev. IF—--thE-Jl'sr:.hdrae t&MPBFﬂtuPS s 370 k ﬁoq the

. i
rad-live pl’-’ﬂe;lw.'.&cl ln;l this lasar, which lxs at?raufuencd a? VE#3a X A Hz-

. 591 u'tlar‘l LS

The-rotio of the rates- of spontoveous and stimulated cmisgion is-gives

|lﬂ\j the -.E.uf 3 .- —
R = N2Aar
! MiBac f

{ w"&i"@, ARJ - B;“ ke tht (:n.l.i'E&l Einslein C.ur&??l'ﬂ.;eut& d.-ru.l tha rlﬂt;ﬂﬂ-

is'.\,:{: befsen thena 15, %

| |
| Ny , is the atems pevr unil velume in eneryy level E, , ound

| .F." s the eneryy d&ns:tﬂ--a}’ such pholons and Cun be descrikad by }blue, Ea;
i -

p _ gmwh)?® 1 |
-0 ( exp(hy/KT) = 1
|

| Suhstitut-'ug Sorv, Agy and £

¥
I

R = WD N
| ex':( KT ?

Eqs, tn the valis Eq., tloe gives |

- 4 _
cesx1o 3 1.5 x PR 10 8"
138x 1073 4 X 3FOK

‘ | &1-5 |
b =€ ‘

| R =exp

Ra 5x10 0 |




2{2- L o watervial ot 300 k two -energy levals have o wavglength. upamt.io}# of
i1 M. Detgrmine |
_Fq.} tire rotio of upper-to lower leve) papulation densitias when Lhe weabariall i6 in
thervtel equilibrivm.. S |
b) the effective tewperature when the levels are equally pepulated; |
c) the effective lemperoture whew the uppar level 5 Eusice dl-dﬂnsle P}?Fulol'tﬁ:‘
a5 the lower. : |

| Solution: |

| At nsrmal voom temperatire , the lower énergy level Ny v o waterisl :'4. Wore

Ideﬂge|3- populeted Ll ﬂ-hl‘:{her eneryy level N, mczer&iug to the EdlblnTmﬂ

'c-juutian ag - Ey T

|‘ - Ay R - ik = Esz -E;}/HT |
| Ny o Ea/KT |
| ak : :

|' T . (Ea—E)

el (Np/Ng)

| andh Since. Ez 2 Ey wnd Ny>N, ., the temperatums is Positive ws illustirated

| " Fiﬂ- . - ‘

| BN | a

| 'Eg ﬂ E; 7r, |

| T | . TS T w4 | T<o|

| Baergy N Emergy g |

| £ | e &s——— |

| ’ 1 I~ ’ .

|~ /) |

| 4 : .' f | |
o =

| Pﬁzulﬂtl'nn ﬁnsu'bﬂ'—"i- F&pt{fd{_:_fcn d_‘ff#iu e

i However, it is possible --u;ttlér—cre\*t«in conditions to make My >Ny wi
|Ea > Ey - This is knows as population -jnversion and From Lhe -@upressiow fo
iT--u]now!r- i will be seen that T has o riequtive . valus oud the effect. it

| there fope equivalent 4o s-neqalive tewmperature ., Thig 5« i ot ratad in F.‘a- :

| 19




Ny emEKT |

i ond for travsitions belween—erergy levels X = hr:/sz ~ Eq Y- Hemee

- B -1
| (Ea—E,) _ _he  _ 6:626x10°" TS % 3 %10 ms

— = = 748 .01
kT A kT 1076 i x 1.38x10° 23 g x Boo k
with Nz /N _;__'5-48-01_ ~ 10~2'
(b)- - Na/iN; = ET(EQ':E’)/MT = 1
o Z(EazE) oo
kT
| :
and T —= * &
|
—lE, — T
(r:-)' Ny /Ny = & (8, —E0)/ KT _ 5
| —(Ez-E1) )
= 0-69%
I o KT

' -3 g -t
. — G *10 10 ms
10~ 6w x 1.38 410728 3K X 0:693

v %-3 For o systew in thermal equil ibrivm calculote the temparature ub which

o 21000 K |

we retes of ﬁf-antua.maus--- and stinulaled emission one c.n'fuml fop- o wowvelanath of
HO e s and the Wl'-VElEnJu‘l-—dt which these rates are enluu'l af tempeareture &% fooo k.
|
| Solution: . |
I "At 1..= 16 pmm and  Ro= 1

c -

: R=exp (—%k-,—-_.r- =1 , then solve for T, to ﬂgt--'r'g 201%
! . g I

I

| For T= 4000k and R= 1 — = .
he £ '

' % R = exp ( N =, thew solve fu L, te ;j&t A w52 Y

| KT | 2

0




| Chapter (7). Optical Cavibies {Resonators?

% Opticatl Resonant Cm,uitﬂ Covt;iamratians

The optica! resonant Covity, ploys o most significant role in the pperdtior
:og faser . In the Mﬂjaritj of coses the 59.1'»1 of o Pu.m_peJ wctive medium i
!Tuite small, so thal the cumplification of an pP'l:iml' beam Passing ond

e
jthmuﬂh the mediunm is minjmal. AM?“;;CQLtIJDH 2 incrmegaad b';] plos

"

emd oF
the medium. Tie optical bewm thaw bounces to cnd sud fro through the

| the ctetive meditinm abeul ane hunnlheé fimes,

hiﬂ"‘"{] reﬂe::‘tfﬂj ntivvers { reflectomes “‘PP""“‘-"L""":I' 108/ ) at emch

thereby inareuiwﬂ tue| effectiv
le‘nﬁfh of the active medinm . The mirrors forvw o opticel resomanl

C#-Vi'bnj {eften called og Fmbr*j--FENt resonabor) | wnd ‘bnﬁttk&- whit

k| the
| dletive medium comstitutes o optical oscillotor vother Elewt o d.JFlf?;c,r.
F:ﬂ-{”ﬁ»“) Shows lxser rescwmaunt c.witj .

(End mirrer) M, -

i
|— 17 Mz (output !rtr‘p-:-mi-jj
' 90 - 95/
Toos, 3
(RaFiectmc.&) Z{* TR L =0 T § R, e _ﬁq}'__fsi,mcg
; A:.‘t.iv_e . _Ni_auiituts;r X . :' :> au:t:pu:t Lﬂ_*c‘h
Figetzyy O T————= U
X it : e ———
1 }‘

Mirrer Seporetion (L} *

"The mirrers jmtroduce optical Taedback to the cnmplifing mediww. i an

eatively anslogous wag to positive feedback v om elactionic dmpl'-?ier".

iﬁd: the end wiirror most of the euevyy % returned ivlo the cavity M

| pesses throuah the medivim, being amplificd @ voute, to the other mirrow
wheve the process is repested. The ounplitude of the digturbescce af het

' trangition Frqu.em-.:j grows  wmtil o steady- state level of oscillation is
reached . At thic stage, srowth of the wowe oumplitude within the| covi

| Ceases olid atny additional energy producad by stimulatad emission
- APPears s the lager output.

&y
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. There are several additioncl resomant c..a.vit:j ;;gnf;ﬂu,rntiani thutiuﬁre
move proactical thaw is the ariﬁiml plane - pavallel (Fabry- peret) setup

| (Fig. B.1). For exomple, if the planar— mirrors are replaced by ideptical
Concave spherical mivvors separated by o distamce very naarly equal te
their radius of curveture, we have the confocal resouator, the Farel
points cre almest coincideul ou the. aAXis m:waJ betweew utirvers . IF one
of the spherical mirrors is made planer, the convity is tepmed = hemispl‘ierl'cul
Lor hewiconcentric, vesonater. Both thaose :an,(’;ﬁura-ti._-,us prv cuns,iuleraluiﬁ Ensiar
to ﬂllﬁh thar is the plune -parxile] forw. Laser cavities are said to Fe eithey
Stable or unstable to the deyree thet the bewm tends ta ratvece itself cind

55 Y'emolin r‘elatwelﬂ clese to the oplical axis (F.%. 3-2)-

It

LY
\ 1 i
'Fd.) Nﬂ#-f]ﬂ planar { comvex) [4°%] plamay (el Nr.m-ha plavasr Ccnvimgj
i .
B S S =P e Ban >>L
UAstable mavginally ctuble Stwhie

Id) Nta.rhd cowforml &) comfocml {¥) Nmrlg Cﬂumntri?'
Nzt fi=v o=l GZlizin zln,
| Stable mur:ﬂiu”n stakle stable

ri E I
(%) Concentric Ud) Ne:urlﬂ camceubric (L) Heumsi — conecantric |
=t = L/2 r S Ll2yy SLiz Bl s ryee
mnrﬂinnllﬂ stmble Limst abla mrﬂindilﬂ ._r,,t.p.hlei
|
1 22
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.A bacim b o winstable cnvita whill welhls oul, ﬁﬂiﬂ-ﬂ ?ﬂ.ftl-bﬂf‘ j;rnw|t|nc

axis on eseh paflection wntil it qw’{k!ﬂ ieanves the r_nvitu dltaﬁcther' B4
; contrast , ju o stable cgug;ﬁumd:iau {with wivrers that sre, sas , 100/ L‘*d

987/ reflective) the heousm mighl traverse the vesansbor 50 times er pore.
| Unstable resonalers are commtenly uged in high~ power lasers , wherg the Fact

Lhat the bawm tpaces across -« widé resiov of the octive wiedium %“ces
.?m— e s 2ME8rdY te be Extrgcted. ;

the MP“;;uﬂuﬂ cud allows-
| This wppreach will be especiully ugeful For wedio { like cmrbon diox

or Af‘ﬁﬂ“: Ar ) wherein the bauwm -:ﬂat'm?. wiore Energy om each trip v

ide, co,

| the cavity-
The selection oF o resonator cq.n?.'uduru‘tinu is nlc.t-unl”H ﬂaucrne.al by the
. L best

!_'f-'.f-e::]?ic requ-‘remeﬂts of the jaser E-nstw ~ thers i ne universel

:V‘Eacnmtar drrmﬁde.men‘tn

Cavity Stubility Criteria

The stability Condikion For o lager resonabor convity cemposed
dictance L ar the axis 2} the rassnmbor islpiven

g, =t-Lin, |

| ﬂ-ﬂ 1w

mirrers , separated by «

i'lﬂﬁ the very simple Exfﬂ"ﬂs.iion.

o< (1-=)(1- =)<t
| ay

04ﬂ131<1

T!ﬂ.us. Goudi‘hian Con bE EJ&FI'ESS-EJ

| i the Forws of o etability diogroum

as Shewv 1in Fiﬂ (=2-3




Thresheld Guain Ceefficient

| Tée sustain loser oscilloticns tke Yarin ceefficient must be at. Jeast los ey euuuﬁh
‘*ta svercame the logses ix the laser iﬂ&‘tﬂm- The cowrtes o less insiuda

| -Fa“nw-l'us :

{1) Tmn&miﬁsiaﬂ, ﬂbﬁorption and E.r:nt"'-'-\‘-'r;rt:] Jc:ﬂ The maivirars.

T Jﬁn'hﬁer--l::tidn anel 5c-¢lttcr-inﬂ---iu the lurer sctive wicdive Jus te trumsitions
othey thau the desived ong awsl spticsml inhomegenities .
The mwinimun o thresheld enin Coniliciaut Ky, re.ruirul Sravs bhe camdition

'rj Diffraction owraund the laﬁuvh:‘-ukr‘li oF the mirrers .

|
|
(Bt the rownd Ervip gadvt, G, i the Teradiauce of the beaw mast be ot
| eacst t.m;'bﬁ. .
¥ 6 < Mi'b-:j them the oscillations weuld die sul, and
G >mi{;~j then the oscitlations wowid Yrow .
Tu 'f-\nm.ui'n’n.:l Sroms My ta n\;"""-g ivm the

Luser Madiiain ' W
laser resenetor cavity, Fig. (3.4),the 2

boowe ivradisnces inercdses Srem Y g

1y, where,
I, = I,efk"Y)L
orisel ,
Y 1s the effective velumee loss coefficient e Fia. (3.4 E-_tﬂeﬂfc-*-ﬂ;# ol M,
which peduce the effective guin copfficient Ry:Reflectupce at M
to (k=) .

Aftee roflection st My the beaws irkadionee will be L_,Eie‘k"r”' sircol | aFtes

& complate round trip the (wradiance will be [,R.R, E‘E("'”L; o tTd
Fownd "b"“lf' ‘ﬂ“'i“ is !
) Binal Srradince LR Rﬂg:eik-t}l. - R Elﬁz(k—?’}l.

imitial hrrodianes I,

i The threshold condition forv laser oscillations is
| G = RR ek DL _y eee (1)
! Whepye R'H' y the threshold ﬁﬂli‘ﬂ toafficient | iz 5im by

[ . 1 1 ‘ . .
kﬁ_r-rhu I"(E.ﬁ;) €3:2)
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! The first tevm n Eq-(F.-2) -represedls the velume losses while th.4 second

-.r's the loss in the forwm of the useful output; thivs the candition for 5'&3“‘13#
| stete lager cpernﬂ-'t.ian is thoil the #ekin e;rur.a'-s the swm of the losses.

' In lasers designed for coubinwous outpul (CW) the getin becomes Cuﬂltﬁﬂt'
ab the threshold value. This s becmuse. ouly when round trip sain (i: t,

the cavily erergy fund hewce the luser oulpul) settles dewn to o

state wvetlue. This Phénamenan is referred te as Yeolin sofurmtion .
The actual value of the dain depeads on the population iMversion oud ow

the physical propertics of the medivm. If L g high theon it s I"'Bln‘tpqe'nj ensy

to eichicve lager actiow and mipror alignment cnd claanlinvess owe nst oo

te-ull.j-

Ceritical. With low ojedin wedia, the mirrers wust be uu-'-mr*ntglj u.“ﬁln.,e. 3 howve
. ’l’n“fj'h reflectances ouwmed clean. i

Circu’.nﬁ‘nnﬁ ?uwer-

| For & Continusus ouwbpul loser , the losc of laser power Fraw ch
oubpul {transmitted ) mivror will be compensated by the active {q#;n)
medium inside the resonator. The outpul luser power and the circulating
laser power inside the rasonater are in o steady state or saturated velug
Fig- (8.5), and ig givew by the expression,
7 M '.-_.'_- oubput
4 Legey

Rue =TE, - (3.3)
wheye ,
T is the tremsmittance of the

ﬁﬁtfwt waprer,

| IGui'n “Mediwwm . -

ki
E:ir
Fig.(3-5) L
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|
|
|
. .2 Laser Modes |
The oulpul loaser consists—of o uumber of very ﬂ‘piﬂlﬂ- :.Pncgd,:fiiscmtc
frequency compougata (very-narrow. spectral lines) Covering s woderately
bpm,_.,l._.gf.ecj;m;:.l. rouge. The discerete c¢mpon£n‘t$ wre called laser mde!s and
the specivel ranye they -cceupy is mfap?‘aximutﬂﬂ the flusrescent |£+¢:.ewi=ltla

of alemic. f’hunsitieu---ﬁiv-inﬁ rise to Lthe loser cm.'.tFHt-- . 1'

| Lanﬂituﬁinu't ( Axial ) Mades _
| Laser oscillodions occur, when the wave within the cavity replicate

‘itsel] after two reflections so thal the electric fields add in phase. Ln
other words , the mirrors forw o resonant cavity ond. -St-.n:‘.;nﬂ- WV E

| patterns ows cel up.The cavity resovales whew thore is am inteser

awmber (m) of half waveleagths spunaing the region belween themirrors,
A% gheown in Fig. (B-6) - That there must be o noede al sach wirrgr. and
thics Coun only happen wheu the sepevation of the wiiprors L) e:ll'li

e whele namber waltiple of K2

Mi_ Stomding waves M, |
Cavity
-7 axis
Fi N WA
Tlas ,

—_—— - (F )
rla
snd 1§ the pefractive imdex of the active medium it wmidy, bhe Frcnfueunj

is aivew os,

C
‘){H - ‘_}‘ 2 B |
Ve = € : - -+ (F-8Y




Therefore , tThere ore o mPiaite nuwmber of pestible a;g.'nﬂ,wﬁ }
Hnﬂ%;‘tudiml Ca.vi'l;ﬂ MOJES-, ewch with o distiuctive Frcfuencﬂ ym ri‘t'lﬂ-e
| frequency separation A between acdjaceut wiedes Omi.m | is ﬂ;TH by

|
— = A m .o -
| |

| The longgitudinal wocdes o the laser C.d\flli'.ﬁ thus consist oF o large numeber
' of frequencies givem by Eq.(3.5) oud sepaveited by c/2L , tusj

| e showin |u Fig. € 3-7) - |

Mad&:

T rvcac] ) mneg "3 m-2 m -1 vl m +f Wit 2 wit+d |
e & M T Catity
! . =L mrﬁs
' }

‘irrndiuur.e

]
S’re-irmej

(D
! %—The broadened luger
| Erangition line !
| ()
) FI"‘C‘-"[MKL?
|
Lerediance ;
b 7]
I . ’ \-:l;_—— Lnnﬁitud:ﬂﬂl IMOJES. iw
| v . . Lager putput _
3 e St P B N L
F.-a.r_'a ) - 1 ke losses qy)
! -Frc.-ry.euehf

| The ﬁiv.EM vsd £ Canmn, aw'lj ‘g.s.cl'l.'l,mte
other words , ;P
| omd iF the Aadn exceeds the lossas.

W§ there e satin ol Lhat --fu-fu.eucg e

it fies within e «Freﬂruﬂﬂcﬂ roni& n'f the ﬂu&msm’t 'ine
|

|2"?




Transverse Modes '

The Ianﬂitu.dinu‘l weodes all .contribute te o single spal oF light in tLe laser
‘gwl;pu:t wheresds m «jen&ml if the lager beaw iy shone ente o Screen wé observe
ot poaterw of spots. Tl-t.esc are due to the transverse wodes of the cavib
Iv mest coses, howaver, waves which dre traveling just oFF- auxis cmid dre
jable to replicate themselves after covering o wore complex closad psth in
' Ihe resonsber are referred to as tramsverse electromaauetic medes TEM .
They are characterized by twe inbegers m and n, so that ws Fig. ("EIE*S'J'
Shows, we have TEM,, . TEM,, , TEMy; 2tc. modes (w1 gives the .uﬂ*hf.l"
| of winima (or phase reversmlsy us the beeuw is scannad horizontally and » the

Mumber of niinima as i scanned verticeily):

:t'Eﬁ; 1
I Fiﬂi (_3 -93

| The TEMeo trausverse meds 16 the nost wiéiﬂ wsed, swnd this fer-severa
yesens: The Flux density is HE#“‘& Gaussian over the bewm cross seetion;
there awve ne phase shifts in the electric field across the bewm, a5 there
(ara i other modes, aud go b s completely spmﬁmﬂﬂ cokarantptha Lewns
amguler divergence is the simallest 3 and it con be focusad dewn 4o

|r5_mllcst-~ sized gpob. -
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Problems Chupter (3): Optical Cavities

2.1 Delepmine the 5tuhi'li'b‘d oF the ?n\\cwinﬁ c..witj resonntboreg :

(i) Lz 1:5m, rn =3 m , = 2w
Y2

.‘_';li) L: -1-&“, -ri w Ga-h wt o,
Gé) L= tws Kz Tmspc-am |
|

. Soluticm;
The stuhility comdition far « luser vescnmtor cevity is mives "!‘j the

[ Expreisiam R

0 < 3, <1 > 31 1L/ mdﬂ;-‘; 1_;1- L/g

W (1-=2) (1 - ‘—:;-5-‘) = 4-0-5}(1-0-5) = (0-5)(0-25) = 0.125

since,
8 < o125 < 1

| the ...c-wi'hnd reseviatlsr 15 shuble .

(Fe‘) (1= -5) = (1-2X(05) = (=1){0:5) = - 0.5

i Sivee,
:ﬂmﬂi‘:-ﬁ o-h {ﬂ
the cmvity vesonatar s wastable .

wid c.t.-__';)( t-L )= 235 =1

Si“‘ﬂy

3,9, = 1

t-hf‘""c"‘“l-ﬁ‘j Y‘E%ﬁmﬂt-ﬂr .;.5-_.1.““”3;““'-1!3 E.J{;dt.ﬂle-

B2 Verify that the confocal, hemispherical, und plang -pdﬁuf---c.wib;:res ArE
isinb\e--ﬂccaﬁ“nﬂ io---sta-l;.‘-l.'tﬁ eritepia, —
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g1 In o rub‘uj lusey (A = 694.3 am), the r"ubﬂ cr-tdstul iB-0-1 -, lf‘ﬂ
emel - Eha mivror reflactances are 857 and 907 . Giiver that the
losses are 107 per vound trip. Caleulate the thresheld qain cogfFiciedl

Solution s
The thresheld ﬁm;u cee¥Sicient for o ruhj iwger, s ﬂleh lptd the gYudfr'an

— S I PP SR B
Ky, =Y = L “( Q,Rz)

= 01 & P la f
kﬁ:‘* 2 Xo-l ((a-ag)x(a-sa) )
k‘i‘h": £-88 m-j

2.4 A HeNg luser huas o confocal Cdv;tld with mirrer seperation b.5m.
Caiven thal the widlth F the gatin curve is 1-5 GHz , Calenlat e the moximu
number of Lamsitual&nﬂi- mede ;FETMEﬁCfES which cauw oscillale juw the q':n.vitn.

Solution,
The meaxipwm aumber of lﬂaﬂitudinﬂl modes Ffoyr o HeNe laser withl _';?E;tﬁl

width of the £32.8 nuwr laser trausgition 1.8 GHz is o ivim by the qmtiau

2, L

Ml — | Lyvudinnce
c (1>

» _
o= 2% 15 x10 s "X 05 m
2x1p8 g

w = 5 (bﬂﬁ'ibud’fﬂul medes )

Ay ‘fle-




&
%.5 Discusz the properties - and prepoaation of o Gaussiom leser Yewm.

vt & ﬁ-m.:.n wigdimm legated within xn aPtir.'u.[ resonateor, the TEM,, Gauwssjan

mode thal dovelops when -'bhﬁ'---ﬁ-;ngle- poss ﬁu;n @xcoads the C-N:'bﬂ lasses

hove o Gaussian- profile -al-the wivrers in the divection bransverse [to the
diveetion of propasgation of the-bean, Fiay. {%.10) '

g 57 of
Sneryy is

A .
ms.:lf_ W whave Frant 4
aan Yoturs ! |

A Gaussian laser beam has the following properties: I
4. The beam Meve & Gewssism—dravaverse profile at all locatisws. iucb.iu.wsin
bmaws Con be characterized Cowplelely ot any spatial locabion by defining
both its “beomm waish and itg - wovelvenl curveturs” abt speaiﬂic
location of the beow.
2. A Ganssisn beaw always hus o minimwn beons waist (wy) ot eng lecabion
- in spalce ., |

8. The travsvevse distribubiens of the intensity oF o slwpleé Gawssioum beaw
. PR
is of the forwm I 1. @ Ll g

wWheve [, is the maximuis intensity and w is the beew radius ingide of

wirich . .86:57 =5 the eweryy. is Comcentrated, ve shoower m Fig (31004

The Goanssiom baon minimune weist We for o t‘jpfcul iaser regonatop made
cccwrs tn the reqion belweew-the twe mivrors of ou opbical resenpton.For

exormplé, the minimum beom waish we in o confocal aPt-ft:uI resomnalear (I*--=l‘3 5

‘oceurs halfway belwees the two mivrors. Ag the Goussisn beam propagate

K §




it expaunds omd diverdes Fremw that location, suck that the beow vatist e

|
id distance of % Z Prowm the minimum beow woisl W, cun be described as
|

1,.!’2
Wz = W [—1 M ﬂw‘)]

Th.e beww wovefront curvabure of o Gaussian besm o alecalion z,3u term

of the winimum beaws waish wy and the wavelength A, s given by

2“2[1+(TW2)] i

\ The araulop spread o8 a Ganssion beows Fop o value oF Z s qiven hﬂ
. o = L

| < -“'w‘ ?

| aa shows in F.a = 1m)

The By terw is the Full omgle: ot a given lecation Z ., svew which the besyw
reduces ta half of ity wiax iwim Ente/usitﬂ at the ceater of the beam.

| .
| |

I
.EanlPle'. Av HeNe lagew mperutins in el an.ﬁle TEM,, nede «i 6328 v
|1~..r..s o wiivror separelion of 0.5 m with mivrers 7 = ho=tm, Calculate the

radius snd Wevelronl curviabure of the Gunssion lasar besu al wldislauca

of 10 m o Wiy Brows the minimum beam roadins (w,) «Ff 6.3 mm.

Selubtion |

L The beow pedins oF the HeMe Gaussiom laser bemw wb st distonce |z =Tow

From the ntinintume beoun yodiug is iven 1:';1 '

4 Bxto? 12
= o m X [0

W, = Zx10" T | 1 4 (85328X )]

‘ e [1 ( T X (3 X104y

| t

| oand the wevefront curviubure of the HeNe Goussiow lusae bowm at ;d.‘;tm

| Z= 10 Frew the minimiues beaw vodius is eivean by,

R = 10 m - 'ﬂ'x{gxm““m}: )"
z 632.8X10-" % X 10w

11
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1. Line width properties

5}:*"@1%“‘13; we  will get bell - ghauped
|Cu-rvr: Hustvated in Fig.(4-1).
- The precise shupe of the cuvve ig
-3-:\;1:44 hﬁ the Uneghape Punctiom
192 F which represents the ;r:?meu:j
(distribution of the podiation in a given
spectral Vine. The procise Ferwnm of
(1) which is uornulized so.tiad
the sirea wnder the curve is waity,

JEPMJS. oun Lhe pw‘h?m\w.mmhmisms

Comsing the spectral \wamie,niuﬁ-

18

Atoms in either upper ov lower levels of the luser medium will it
intevact with o Pch;g:ﬂtlj monochromalic beam . This is the fucl thal |oi

_Chdpt.ﬂr (4) Spectmscape....crf the Luser Lisht

speebyul lives have o finite ufwelaughh o ;’yequewcﬁ spread , é e, f Pludrescent
ov spectral tinewidth). This cau be sewn in both emission owd. - absorptioh, and

i we measured the emisSion _of u ttl-fbi-:‘_'utl spectral source as o funchbion of

Lpe
Vg wigkh

4

|
/“——-‘—5?——-‘!—

|
F'tr CH-1Y j«:

—
r ol

|
—

© The wst iwr pertont Mechﬂmslﬂs e Collision Lov pressuwra) hrauleu..r..n *s

hmaa:lcnm-% The st.F-'.? &? the smitsion
limewidth will be gither Leorenbzioam

For komaje.ae.:u.: Lraﬂulen:'ﬂﬂ or (yaassion

for n&nhnmgenfnﬂ hr‘adl-:l&ﬂ;"ﬂrﬂ‘-g
tNustroted jn Fied s H2) 5 A Camparison

of -Nd: glass ( nemhemogencous breudening

| Wilh Guauas o Shape ) and Nd: YAG
Lhnmaﬂﬂﬁﬂ-ﬁ"‘-ﬁ I::Pad-dﬁhiu.ﬂ with

i Lorentzion shapey |

409)

o hnMoue:rte.am lnrao-&mma and - Boppler bread ﬁntuﬂ “s nenhomsgenceus

o

Figj» (42




oq.2 Hﬂwﬂeuous Bl"‘anlclgninﬂ

A ling - braudeninﬂ mechaunism is refeprred to ag homgeunus wher |it
broadeus the ling of each iwdividual abow, aud therefore tha whale tuclom,

it Lhe Somé way.

Th.e wiest juportaut hnmﬂﬂnea_l-ls Yage
rlnraddd'm'vtﬂ wick /s collision hw:uleui..,ﬂ

| W s gag (such st Fas lu.sef);lt s dup
ta colligsion oF om atew with other atoms,
lows 2 Srees glecbrons, or the  walls of
the resowater. Tu = ealid, iTis due bothe
mteruction of the wlem with the phaneons
o the cryslal latlice (such as & Solida
state leser mteridlj,-(li-'iﬁ. o5

4.8 Nonhomodensous Brndeuinﬂ

Tudividgal ;iq&]g
atom I:I

b
!
J
|

|
i
|
i :_p
|
1 1ot F,' luser
hunerdﬂn

Fig . (4t.3)

A ling-broadewing wechanism is refgrred to s neuhomogenous whon i leads
3o the atomic resonance -?re.f.uguc:;eg be;'mg distribuled Ve ey | ﬁf

grequ&uc-'as and thevelere nesults in o broadened lue for the systew o

o whote witheut hraud&hiuﬁ- the line
Co¥ individual wbows, (Fig.5q.4)
Deppler bndJe.ni!nﬂ results Frouws the
differences in ;rc_qushr.lj measursd For
| the rediation smitbed Fromw atems o8
- they trove! owesy Frow or towands

| e observer,

The shservad S'y-g?m.m;gs wil] be in the
Pownsy 2 p* = P( 1--—1-.%.)

where  is the velocity of the atew

v d...'ign.ﬂ the direction og--abserfol‘ta'au and

€ 15 the spead of lighh . The spectra! halfwidth AP is given by
| AY - RPNV
\- =

i

lﬂJ;U;o[u-ll: sinqle

bww bong widih
|
A Ve
I

=
!
r ¢ beimd width
[ |'
pr—— &Y
Fig {443
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4.4 Lonsptudinal Mode Selection Methods : |
1§ the luser goin bundwidth is breader than the 'lnvtﬂit-mliaul wiode ispucinﬁ
Ay = Clayl, where L is the distunce between the end mirrors of t.he|r.wit3
and g is the index of vefruction of the guin mediunt, thew ib is possible to
hove wore thoan one lowsitudinul wode lezsing within the Govity . Sometimes

it s dasirable fo heve oulﬂ nﬂ.sfnﬂ'l'e iaﬂjituuliml wode fu.sn'ua within the cawty,
and if maecy ol be pessible to shorten the cavity SPﬁtc;uJ L i order to|preduce
o single mode wccording to the formala. However, it is still possible o insert
withiv the laser cavidy an additional Falony - Perst caviby thal serves ag on

axbyrd Frafuﬁuc.ﬂ—ﬁele::,tiw loss element.

This additionsl glement is Lypically wn optically transmissive material copsisting
of two paraliel surfaces, both conted Lo schieve o specific mfl‘ga‘tfuit.j.'-l'he

 values of the mirrer reflectivities are degiqned to give the desired additionul
less ob Srequencies other thuw the desived baser frequency, thus quenc ing the
gobin at all wmodes excepl the Jesived one. Such « Fizad Fabry - Perol dfvicc is
| shewn in Fig. (4.5) ond 15 kinown as an etalon. 1t is -l:.-dpn‘cnllﬁ a thick ‘::rie.f-e of
|1uaw‘tz with oplical surfaces thal are eaPemm!l‘j Dok, purallel, und n?\/r:w‘d Wiggh

| quality. Slnce the ?rafueu-me-s at wich the Fabry- Perot resenmuces occur |are

,prnpar‘tmml to the srm'-m:l between the mivrors , the stolen can be rotated o=

!
' shewn in t_he figure to tune the tramcmission to Lhe desired gwqueucg.
In lasers haws ot brecd saiw bandwidih - such ws ot dye Juser, « Ti: 1,0
| 3 d 3

‘m.‘s..:r, av Ixasgrg with mu|‘hipl€--—5int|l£—gre?uencﬂ tronsihions such af am Arﬂan

ion laser - it is often desivable to tuue or select oAy specific luser woivelenath
over thal aain bandwidth withoul chauging the cnwtﬂ WAirars. A-e.mpiF W mus
o} Plr"nv-.clmg such o wide rauye of hunmhhtﬁ i5 te wmstall either « Jlspfv-swe
element { such as a prisw) within the cavity ar o Varmble-fveqfucnng hﬁh
rellecter (sueh os o diffrpction graling) os eone af the wiivrors of the wity .
|-T-u,n|v1:l is accamplished by r“otnttmj the priswt or the dreting . Simple g.\mple.s
|o§ these bwo cavity crrangements sre shown m Fig. (44.4) . The diffy
:ﬁmtmﬁ heas higher dispersion then o prisw dnd thewgfora offers wore prTasr:

| Wawelenﬁﬂn selection -

25




Net lowsew
| tlluLiﬁ
> ) |
Lnuﬁ;iudiunl. Ay ot
cavity meces 2yl
-3/
ﬁ. ‘_"-—-
= "“"_' » Py —pe
FoP etalon
Enomgnai oeiny
: .r
| ‘rT p ‘
L H-\ale
wid ‘“‘tP“t tonagi tud inal Rotats etalow Aew wAw |
with etalan m-ae with loseyr modes
|
)
REoEe Far Lty - .
L__-___’E_____., |
F:'a- {489
Amplificn
{Gwtiv Mediumw )
Mirrer 'F et"d'“ Mirrgr
i
™~
Tuuiuﬂ" -
wiivrer Daspersion { Guowim mﬂlum} Ju
Prism Qubput
{ch) Preigwme tu.ninu Miryoen
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'}.
; - {
{ Gratin _&u'sﬂu_m_) |_ Ffu--b‘-i-léi |
, Output
b 'Gﬂ""d'tlnﬂ tnuha Mipror 3
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Preblems chapler (43 Spectrasfape J the Leser Liﬁl..t

401 Caloulate the spectrali Lr'aucignf-n-ﬂ' due to the Doppler effect in the cayrban
.-:dimc?de Cecoy) \mser (A = 106 M) ws5uming thet the temperamiure of the
Pumpinj d:‘sckm-gg i& 406 k . The relative atomic masses of curbon and il:wjneﬂ
sre 11 oud 16, S 4

Salﬂtian

dXiS 1% -awe-n hﬂ -}-—MU " -.-:.-——2—- T,

Cthet s v = kT/M)Hn;

whers M is the mass o w carben dioxide wolecule and W is Boltzutuun’s

| Cowsbant. ! i !

e 2P Y 2V | 2 4
. The spectral L'r‘an“le.mw.j 'S gives by AY = — = X or AY :-?T(.%-j

Frnw the AVpﬂaJ?‘ﬂ ---CnHS'tpLﬂt{NA} ?
= ke = . 1073 k
I M = 6.022 X 1036 731 J
15 142
S Ap E_ﬂ_(_'f,) (1-331110 3w x#auk

i M 1.6 X 1074 13 x 10726 H,ﬂ |

| Ap = 51.2 MHz

-aé.g Determine the froquency difference between successive -marima for o
| Fabry - Perct etalon iwm-HeNe laser jw which the mirrars ﬂrfiepaum‘te.cl by
©.01 m- =
| Selution;
Because the wiirrvers are located in o gas, the index of Fesrsctiowtﬁ"}"i
|esscutf'urilj- m;ég, Thus the ;re?ue-wﬁﬂ diffevence AY is e hﬂ,

|
| Ay = £ . 3x10% ms
2L AXTXOOTm

|
-1 1
=-1.5 x 1o Hz :

. Heuce the 5P“C:“,)' batween swuccessive maxima foy o F-P etlalow /s about
10 bimes the .'b‘jpicul emission Liwpwidth of o Deppler_broadensd gus |
amission linswidlh, 3
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‘ Chapler ¢5): -Hlah Power Te&ni?m'es

5.1 Q..-.&witchinﬁ

vadiction Prow lasgrs ._.It_.in\foldes--'de.libémtela ﬁwtvoducﬁaﬁ..u timtg —
legs ulo the Caw-H:a- Wfth-.ec_hiﬁk less P*"E&'Eﬂt the. lﬂdl‘ﬂ duwg-te the

PAVEV S 0. Catas Feg.{,h-—cf“;tf lorge vulues withoul loger sction securein

high-loss thus. praveats lasee action while eneryy 'us.he.a'nﬁ--PLLHPE-cl wlo
the excited stale of the madive . 15, wheu o larys population  (uv
!M--haeﬂ cchieved, the cavity loss is suddenly reduced, laser o
Con then begincnd buildoug vapidly. All the aveilable. suergy istemitted
in a single, large pulse. Tim's-—crm'ckla depopulates the upper h&fu.ﬁ! leared

| to such cm ewbedl thal the ndw'm ic veduced below threshold aud |«gser

- detion steps.

-

A werd sboul the nemenclature : & - E.w'-.t.:h'ms vefers to éh““ﬂ;"ﬂ the @

(-1uu¢]+t3 faclor) value of the. —C—ﬂ-\l‘l'bﬂ The @ valug is mversaid—--fvapn ronal

o tha enevgy J;gs.s.fau.'t'eo‘ PEr—*—cﬁcje In o Imﬂla- loss situation- —thgrefq e @ s

smal], while whewr the loss 15 vemsved @ switches to knahew valuss - .

wie o fMdl.aide -{Eﬁsw]tchiuﬁ -to be corried ouwl by Ptﬁciﬂa o clos slulter

withiv the lasesr -CaLU;'t-:j , thereby isolubing the comiby From the laser v .

Altep. the laser has been. pumped the shutler is opeued, thus rastering the @
o the mfita. S —- |
Theve owe two clbvieus r‘eofui#:Emeutﬁ for effective G- switching :

(a3 The pumping rate must-be Juster then the sponianceus dacasy rabe TF bhe

I
L

upper -fuil'ug level, oth@rwise it will net be passikle to build up o 5-.-\?5:;{3;&!'(3

Iane! pop wlabion lnuepsian.

AbY The - sw-.tc.h.nﬁ nAec et ig i must opevale ”‘P““ﬂ c-mputm-l te
up of the \eser ascillation, stharwise the lutter will build up ouly gracds
f M.d..-lanﬂgr pulse will.be .;bta.i_necl with lower peals power. lu practy

this wieoins thel iJeu”S the switeh should operdtc’ wibhju ol nanss

or RO .




511 Mechoanical Q-Swlbchinﬂ

lexcepl Yor the bref interval during eunch polation when the mivrors

Mechanical @ - &witohh‘bﬁ wmvolyves wgtg,tinn ong of the r.:-u:t.-'j W irror

o VEPY h;ﬁh unﬁulw \f&lncihﬂ. The oplical loss@s within the c-wit.:j whlil

M*E:-.-':j rLEHr"I;j parallel, (.Fiﬂ-5~1;}-r--Just before this point iy reached o i
mgchanism inLintas the Flashlomp pumping . As the wurrers ewe ol

poratiel, the population jnversion can build up withoul leser actiom st

g al
e lurse

Are

1 i
-’ui be

,-t.'u.j .

wher the mirrors became parallel Q. switching occurs owned the @ - switeled

pulse thew develops. .
Flashlamp pweing

. R — output lager
|
Losar madivm :D
I.Rﬁtﬁt;v\d P mtpu‘b.-'mfrrnv F'ﬁ"

.Fuke

{6-1)

The miyrer retation spee.d iy olved Moy be ws hiah as 10C ray 5‘1,mnq{ tlig

limplies thah the cavily could . bs @-switched every 10 s,
 5.1.2 Aceusto-0phic G- Switching
| The acousto-optic gffecl is the chunge in the refractive index of 4

|<:m.ui.e.u1 by the mechanical straine which accompany am acousltic weve ag
i

wow® used in grectice are ultrat.samc' £ in the raanyz of 50 MHz).

el {oint

it

travels tkrouﬂh the medinom. The adcoustic wave sets wp o diffraction cHyP‘t;.Hﬁ
which csin thew be used to Jcﬂacﬁ ot loges beow . The fre?ucunes of ﬂcchthG

iF;ﬂ.{a-:Z) Nustrates the node of opevation of am ocouste - optic Q- Switeh.

. . ACEM !‘,l'c-- W gans it o ‘ :
f;:l::;ﬂ:iﬁ 4 ’ ""'54! Heprutar whpu: luses pulsea
ik
| =
' =
‘ —1 Laser wiec um :D
| > Acousti ,
' r;ﬁtit::l" FIJ- {5'1‘)

M yrrer autput mivrer

- I




T2

when the acoustic wowe is presenl o Siﬂh'rgiﬁﬂﬂ-b fraction of the bes

‘emergy in the cmvity is diffyacted oub of the cowity, thus iwtroducing |

additional loss mechanism amd reducing the cavity @ valug. whes 4

dcoustic weavé is turned oFf. diffvaction cemses omd the @ velug returns +o
its former high level.

| 5.4.3 Electre- oplic @-switching
The electro-optic Q—Switf—hinﬁ which is based on the pocksis effect is|one oF
the mast wselul tscknhruas- Lot com be used. This effect concerns the behlvlor of
 polorized light as it passes throwgh certain electro.oplic materials (cryptals)
- which are subject to electric Fislds, Thus i we take such m:hﬁ;tnl cnd

allow
| lager light which is o plang pelarized aleng « parlicular crystal dirgct isum $o puss

:{',l-u-au.gh L, then Pm\rldeé an electwic Field oF apprepriadle mequiiude is ﬁpplied
. uulama the bedans direction, the lagar beoum will @marge with its plave 4¥
.Pa\wi.zﬁii&n volated 'hhrou.ﬂh 5{]‘.’. with no electric Piatd a]ﬂf']idﬁl, hnwevﬁr,tum

is mo rotation. If such a erystal. is fﬂ‘“‘gd mside o luser cavity tegether l with

Butpali mivrar

|t pelarizer as iw. Fig- (5.3), the eleciro- oplic c.rﬂstd| coan be used st o Q-
ewtitech. ot
L aser puise
] Vert-h-:-..l It
?olﬂﬂ:ﬂ:l"
H Elecivo -
Laser  madivme. aplic w
U Cr'ld.stul.'n
F. . . _ n : |
iy (5 3). l—- Vo]td.ﬂe —! =
M rrar

{ Faw KkiloValis

The laser light eme vying from the insing meckinw, will puss through fthe

optic evystal twice before relurning to the polavizer. If the plane o4

polarization of the beaw has been potaied thwausl 90", howevar, it wWill be

umable to pass through the. palorizer and the shutter will be ef{’ecﬁw&ij

closed . The electre~ optic @- switbeli ny time is iw the srder . of noauchecands
ov lasg

40




S.1.4 passive Q-Swi.‘hghiuﬂ |
 PASSive Q- Switching relies on the action of sm-ullcd-ﬁﬂtuvuhll&
lclbsorbers, which are materials (oftea dye selutions) whese sheerplion decreases
with ineraosing irvadiance . The high irradisnce excites the solubisn clne molecdles
Srom sqreund state to upper.siate, Bt reducing the dAround - stafe Papulntmﬂ
| Sivce the amsunt of abserption-cxhibited by the dye depends an the Humber
|a$ molecules jn the -ﬁf‘aumcl state, increasing the total aumount of (vradidation

| leads to the overall absorption to Fall. ln sdturable abserbers,the wpolecules

| absorks rediation so strevgly et uppmcmlnle Mumbers Can b8 excited 'bu the
up per stule , and s-ﬁmf}.mﬂ, -ohuuﬂea wade a1 the atlosovplion o the \«_13,9.

CIf the ﬁrauncj ond excited state populations are almost equal, bhen the

| sbsorplion becowes very small ; jn this case the dye s Sald La sm‘turl‘ted.

18 such « &ﬂe cell iz pluced inside o losaw. mw’h:j the dye cell. cam

be wsed as o Q-switch, Fig.(5-4). Iuitially, ot {ow light mte.nii'hj;tke
&5& is oposue, thereby prevestingy laser oebiow owad d-”cwing d larye build-

| wp of populdtien wversiow. However al biggh \iﬁ'nt inbeusiby , thae J‘Je’; excibed

stabes become populated aud the dye Le:j‘ms to blexch, In o very gherl

i time the dye com be switch from ioc.u‘nﬁ heoghly ullosurlnin.fj be beinal asbmast

i‘hkaus?ﬂlr‘eﬂt. thus nnpw'inj the ‘?ﬂ-?“b"“lﬂt;ﬂﬁ a? [} -'.Hu'uwt latgay Pw\sg.

oquur
dye cell

Laser wigdivum

W1 e nutpu.t h.ﬁrv'avi
oubput losar
transparent PMF
dye cell .

Laser nmcdivm p
=

F;autsf‘f} : |

had

mirroy autpui MIVTor ‘

41




| 5.2 Mode_Lm:kins :

The technique of mode-lecking allows the seneration of laser pulses of ||trn-

_Jﬁﬁr.*‘t durabion ( From o few teus of Fewtoseconds bo « few teus of picosacjlnds}.

| Mnde-lnck'mﬂ refevs to the sibudtion wkgwe the Cowvity |anaﬁ.udinul medes ave
made to oscillate wibh o comparoble amplitude wnd with loeked phasas .

| Mod e - lecking (g achigved by Enwl]oinins in phuse o mumber of digstinct |4H3i‘l’.u4;m|

| medes of « laser, all hﬂ.vinj slightly different ‘P?‘E-A?‘t-te;wcl':;&. The rasult phacse -

|.ln.-:l-<in.5 cpuJH:;aw, 1% that the ﬂﬁC”lﬂt;nﬂ lanﬁ;tud;nd-i MGJEI Interfers| to

'Pmclu-:e a tpotin oF E.ugnla spaced ﬂiaut lase, pulses, F',‘S‘ {5.8).

10 I ] te [ |
Toftal
Field 0\/\/\/—\/\/\/\/—W\/\A
ﬂl’TFliﬁudlg
.'IIJ' | |
! 10 ] I
Lu M)
{ampiituds 3 |~ -
Sqpered ) .
: Flﬂ_(siaj. () Amplitude and. inteusity of () Awmplitude oud i.d;ansi!;? of
| the sum of bh}-gg-gmt.-a?— Phaga the sumn oF thyree - ju - phase
W o g ﬂdded 'ﬁaﬁether. WatMes claleled b.ﬁﬂtul‘- |

| The meds - locked puise width (FWHM) is given by the axprassion I
Ate = 2L AT 1 (5.1)

— =1 —_— e o=

| M C Awng APkt P bandwidth | '

|Wﬁwc is the velac:'tj--ef-tke laser beoum in o wiedium hnuiug i-tal'.qizx o
‘refraction # amd L s the separation between the cmvity wivrars. M is the
‘ raumtber of loway it udinagd -r;ma[e; of equal sumplituda oscillat ing simultuufau.slg
| i the cavity, = ;

The predidted puse widbh of ewcl. mode -lockad pulse can be as shﬁr-t_‘ as
| ‘43




short as the -veciprocal-of the bandwidlh of the ewmission linsg, which is
ﬁ'u.si MHAY . '
L The wasde - lnckeJ--Pulsa_s are separated in time (the time differeunces

between two Successive maxime) is- aivew by the expréssian

. L 2envnyi 24T 2w AT 1 anl
&tﬁﬂf' - trt-H — b = Aw Aw T Aw T Ay = Ay = c
=" : o= s 5.2}

. A

E.2.1 Active Mode—-lmkina

Acousto - optic switches( wtodulatars ) ave very use bul mode _lukinﬂ $witches
?ap..inw-uaa.in cw logsers. The swiltch consists of o Tum-‘t: e-ﬂaa-l wit;T
ol piczociectric tramsducer atluched to one side. The orystal is lacaled ab
one eud of the lager cawvity near the laser mivrer, An RE sigual (2050 MHZ)
A '“—PP“"’I to the travsducer; thig iubreduces om acoustic word withiv |bhe
1u,mn1:.z.. crystal. This acouslic wave produces o periodic less wiblin the quartz

. l.'.iﬂldﬁi.dl s dug ts Braega. reflectiom., ot twice the al.FP“Eﬁl ‘?p;.fumd oF tha RF

si-%ml- when the RF.3igual reduces to zere electric field, the—losu ol prasedt,
[ the shuller iz e'gge.:'t.iue\ﬂ--apeu, the mode phasce are locked, avd-- $huv‘t~=?ﬁ1$£
| posses through the shuller, ... ‘

| B-2-2. Pxssive .Muclc-laaki_nﬁ..

| Saturable absorbers swilches ave very useful mede —locking switches For
kigh - pewer lasers such as—Nel glass. and ruby. The switeh consists o7

a Solurable obssvber cell-(dys sclubionsy which is located ol sue eud of the
lasar coviby near the-leser miveor. When o saburoble abserber isused o mede
foek aluser, then the laser is gimultaneously &R- switched . The rosult (s bhe
!Pmduc;ﬁnﬂ of & peniodic-truin of mede-locked pulses, o series of narpo | (10 ps),
mode-locked pulscs contained—within an envelope which maybssevers! wndrad

. hanosecond long - The peale power within the individual pulses—wmy be enolmous

becausa-of their very shovt duration.
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~|5-1 Compute the puise width. Afp and the separation bet ween pulses
| Atgep For bhe-mode-locked Nd: YAG luser where the Fluerescent Huswidth
s .1 x 10" Hz and the laser—yod of refractive index ( 1.82 for YAG)D is
|01 lerng . Assume that - the laser miprors are very closs te the lewds
of- The vod.

| Salwbion:; . e |

The mextinuam auwber o?--l-aﬂﬁ-iiudiuui modes For the NdiIYAG ldser

‘with flusrescenlt linewidlth ¢spectral width) 1.1x 1.-;}11 Hz is ,

11
il?,.,ZL: 2x11%X1¢ Hz X1-82x0-1 n1 o 18%  ptedes
e 3 % 108 ms™T

‘ The pulse widih Alp is.,

Atp =l AL _ LAX183xgm

- = {0 ps
me 13% X T X 108ms?

‘ The pulses 5e,f-m¥¢t‘tian i5,

At

.wif_ _Ax182Xedm g

BE = b
e Tx 108 mg-1

5.2 Compube the mode-locked pulse widih Atp and the separation

| belween puises Atgep For a HeNe laser afbe.v'ar-‘tiuﬂ wl- c32-8 nmfwith
| ok mlirray Catvity s-pdeiujl.-a? L= o.5w . Assume that the -Hahla lasgr
|anﬂ'|tu.dimd modes will-lase. over the FwHM mmissisv linewidbh of
1-8.x 107 Hz, and refpactive index for HeNe opes, =4,

.;&ngwe,r ol .&tP = ,5_‘7._3_1.9"_”.'.5 . &t&ep - 3.+35..;_;‘g_'..? R




Chapter €6) + Type of Lasers

At the Weart of each luser is s ccltive nedium which exhibits opbical
gaiin over o nMaryow range of wonglenyths, amd v fact the name ";]‘NEH te

o lager is mvariably that-of the ackive mediwm employed . Lusevs o
divided into sy 'b\JFES depending on the physical stats- of the wetive
wedim ( Solid ; ||¢'|||.t|a-l wncd qas) ewploged . Lasers oftesm. idve o mupber
of foaburas M Commen..such us ﬂcuerdl eneryy “leavel gchgmes cm.ql‘lompn
wigclionti Smg L e
&.1 Selid stute lasers.
&1t The Ruby laser (g:y—?"-"' : Aliﬂ-5>
The vuby laser i5 of listorical interest since it was the Fivst successtul
luser to be mode . The active medium is alumidue oxide ( Algly) with aboul
8.057 by weighl of chrowivin as o wpumtﬂ The aetive ione ang chvomiiam,
Cv3', which replace aluminum lans v the lattice . Figs (a-1) il\an. the

3

thyee - enevgy level systew ¥ thue by lasesr - Optical Pumpmﬁ as.|=lu..c

lto the excibation of Cr3" jons te the  Energyev)

byoad wppes eneryy levels (demsted 3t 4F,
qﬁ Aw.dl sz in SPea’truscaPiﬂ----ﬂa’tu&tian)- Rupid Huud
. These excited states give up « part
ﬂ?‘ their EMWﬂ:j Lo Jﬂ-h.‘?--ikﬂpmﬂl... ar }_._ZEA
| oseillations =¥ the pubﬂ...cpﬂat.-_d Jattics :ﬁ
o Fall campmativelj fast fyous the
4 &4 T Lasa
states FF -oud 'F enta melastable trangiblens
-fﬁ.m:'nﬂ relatively lona lifetimes) levels :_f,i:‘;_??::
densted as ZA and £ . These latler levels 0
ﬁl’lv"‘e blhhe wpper. lager level - and Imia.:]-- Figg.(6-1) ¢ Tue thrae -'evel Eystew
. Eransitions ore Frows thess levels ke the of the ruby leagon,.

laser lower [ﬂramd) 'I-E#e-l--—‘-fAz-- |
Orticml mepin:! For -rtulp.a lager-as- Pn..dse_,[ apw#b;bﬂ Con bo-abtainad l-: Puwp;u?
Cwiibh a-Flashiube . A high- pressure mepey arc lowtp s oSten. usad , whese ~eut pub
muatchey the ruhﬁ absarplion bewds,




:6'-1-2-1#]45 NA'YAG Laser
! The n:&dgmimum ¢ Net 3% dﬂPEJ ‘tjat‘trium ot | L i it gervel (YAG) Laser
It the wost popular t’jf’e of solid stule laser. The N3P jons raplace Y rians

liovis in the lattice, with o moximuwm possible doping level of abeut 1l57 .

F-'ﬁ-{'é-zi Shows the energy - laveis involyed {n laser ootion, |
| The Four - emengy lovel system with tha E5eryceY)

Groups of {eveis
For Fu-mpl'qa

ig;aﬂvf

| ;%i“ﬂ Froumsition tuk'mﬂ place betweaan P

the PEr eirap level “F, and the ¢y L
“p ay 2 3

lowrer eneryy level ‘PI,”&,{TI—:&- lowa f
i

15
energy level “T,,. is suifficiently Sav |

idhafe the yreund emeray leverl HIM} Lo (2> P qE=
' ba Pra-cﬁc.-tua' gmpﬁﬁ al recm tewperuture)- 32
| The imtial and final eneryy lavals ars )
1.0]
- SPhHt inte 2 and € crystal field levels
| . == 4
! respectively, se that seversl IMiuﬁ 2 ] Iu;: 1-06 panmy
. | ocker
wmgle«ﬂths are possible. The most e
| pewerful of these (807 of the smitied o5l I —j‘l’Iwz
Eﬂdf‘ﬂﬂ). oceiers abl 1.0¢4 Minty aind thig |
s Mwllﬂ the one wsed. 2 "TI“;E;E-'_‘.' |
1 o L ¢
| Siuce it is -?au.v"--EM-ﬂl"ﬁj--- level systew . >
! : (0)] *Lora
the optical PutrPing requirements are Q)| ] |
i Maqg;t ool For pulsed epepration con be Fig-(6-23 Energy - lovel ,,;" Nd:YAG
- wiel with ntpﬂ!'r‘faf simple -?Int-shid-u-tp and bugew. |

I }‘E-F'«e,cﬂwﬂ_ caviby . |

I The total energy sutpul dum'nj o Single Flashtube pulse cou reng & fiom
|e.01 J to 1003 with Pulse repetition Frequencies up to 300HzZ . The 1
Pow ey dwinj ot pUlse Com o quite luvage, thus o 10 5 puise {*‘ﬁ"j‘ felp Sowms

06 ms implies wm average power of some 2 x 107 w. It ig pessible ,[ts

| Cowipress the totm! 2v e rqy ile si'nﬂle spike Lﬂ the @-sw.it.c,ldua tEchniTu.e,

2

| power of up ko 10° W ney Lhew be achieved. Continueus wave (W) pperation

;.5 ﬂuI.SG Pass:.'b"nﬂ.ual'uﬂ q‘uurfz—h.u}a:]e,h Eumlp ol% atpum_p;‘uj S yrm
HG




&, 2alaas Lmser‘i .

|' These {asers operebte with -Pureliad Yoises as thelr wactive media {"nt
;PFESELLPE of 10 te 1o torr) excited bg o gloclrie dis:f—mrge.

| 6:2.1= The HeNe laser

| The HeNe laser is one o5 the commionest of ali t%pzs oF laser, Thel tive
|m.==“uw| is o mixture of helivm and neen i the rotic of aboub e parls of

' He to one port of Ne. A schemtatic HeNe abtomic laser i3 slhowst v Fi 6.3,
The gous, b ;’m'r-ft[ low pressure, is contotingsd wibhin ﬂﬂlﬁs Jisclmr-ﬁ.g tube=

| with osmode and cathode ab githar cad. I the covity mirrers are au[ts-idc

M vy : .
Irvor . Brewstar . outpul wlkprom

Window

Ana&e

N LHI-E,L Bubpul
| !
Fiy.(6:3) Hee Luser. I

| Powayr Lo

| . 5“FPIH Ragistar
| the tube, thew Brewster wivdows meuy be used .ot the ends of 4ie tube to

| minimize reflection losses . Veltaye of u few kilovelts. appligd oteress bhe|tube
‘ thew (mitiate a qas discharge. The free electron in the dischaige cotlide with

- the atoms and Pirmp them o am gxcited state. 215y, e -
. oo Lowm
| The HeNe laser is au-{-‘aw-euﬂ#ﬂ‘;l level 3"——:, 5
{ Al
|E‘L|5‘|:-EIM where the |ot.5in.AJ travgibions bake Cu;?;f:“ -GP
o 20 g% as '
| Ploce betwmen the ensrgy levels oF Ne. 3 v mmasdl 5:.‘4&‘,.. .
Several diffeved, Lrausition are pessible o “;“'t“
e ) i
Stﬂr‘tiﬂj from twe groups of levels 35 and 29 ?J* _;
L shewi i Fig.(£-4)-. Direct. glectron Bl pu ping f'f_IT':w
I Eransitions to thase levels ave vt efficient e aldetron x; "
b 1 7 Fuse
¢ avd ot l'ﬂ'tEHMEdith mwivel be wsed. The exergy T oy dacay
' : 15 '
lavels of the @xcited He atomws. s swie close iv R |
energy to the upper leuting eneryy level of Ne. #{"
The excibed He alems collide with the Ne and |
Hive up thei, anergy w-the precess . The luser Fig. (64 Enevgy "ﬂ-ﬁ‘ﬂka§| Meke
transition al 6328 vm s the commman sseed oMe, Lusey . |
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§.2.2- The Carbon Dioxide Loser
The carhon dioxide (€00 luser is the wiost importal laser of its class| cnd

tevrms of technelogical applicutions. Th exhibits both high ﬂg?ieeﬂcﬁ (P ba HO7)
e high power-cutpul (os {0-ew)-
The lusing bransitions invelved-are vesulting from the quuntinstion of tie

;-Vﬁ-hmtiam'n and -potatione %erﬁ—o’? tha CO; molecule. Thewre-are Lthres Wiedes

Lo vibyatiewal oscillation wh-"ch.w d&siﬂmted olS 5ujmpue,{_p;.:, hﬂ“—dt'“«ﬂ} gf._d
-ﬂsﬁmmetm‘c, as slhewsr [y F'.‘T{E*EJ . Eench of these vibrotiow is 1mﬂizgd.

| |
O SO ¢ QO O s

i Symetric wode 2 encling ol e A;-dme.thit: weds
‘ (WOD) ... Ceya) (oop)

| As well as vi'hm'l‘.inﬂ »the whale -wolecule camm potate aboul it% cantaw of mf . The
JFhraﬁum\
quantu ausl ot st reswil the vibretioual eunergy levels are split iute o nimslser of
- clesely spaced rolational sublevels. Fiu. (6-4) shows the cuergy-levels eT Ca, .

. m'f]_
Le tlee Co; Lase ., axcitation - |
¢ Mitrogen g Corbion diorlde ————]

 fundamsutal retational eneryy oueaula. are, however , riac b Suastll oy dlomm dha

is dtwasstep process, with Ay -
invelved as the jwiermediary.

The First vibrational levels. of. ..: ;3' E ﬂ:lﬁsluq. Y
‘M

;

ikbwatronal levels of Cop. The 3

Lageyr ﬁmi:h‘;um

. Nz are clozg te the (ol

latter from the imitial levels of 02 ' T'_'—ﬁ%

ft.“l‘l:;'“

I 'Iotr:le Huwrbher a? lagen t'-""‘"l“i*"*‘qﬁ PumFinﬂ
) _|

with the stmwﬁest- ot {06 pom.

Lew overall pressures.(aboul odr

10 Sorr) are. gemngrally whed inwl -

L Cw operation. bul shoyl, H-gh---ll-----

eneryy pulse lasers epevate of - e

| Waler pressures. Fiog.(6-8) Enengy -levels of Cos laser |
[ ;{_8




.I 63 - Liu!uiel Dye Laserg i

| 'f}ge lasers , often referred ts asg nwaramic Aﬁe lasers, ape produced iu .f?u'.l'nl

| qetin meslia, The dyes hawe very braae ewmission ouwd gociv SPechrums thdl leod

| to tumsble lasep outpub :mJ shept — Pulse (mpde - locked 3 lagep culpul | Tie

| jeLsem qotiv medium consists --u?-stpnnﬂlg ﬂbiﬁhhinﬂ ctinal e,mitt.n'na organic Wyes

| dissolved in o liguid selveut, Artypical dye luser cou operate over o veriesqth,
| Yowge ¥ 3o-40 . The solubisnsg of orgouic dues cume strongly $lueres !
- thet is they absorb vadiction over « certoin beand of wovelengtihe sumdd il ove,
l' wwether band situated b somowhat, longer waslongths. The onergy difh

| between sbsoprbed el emitted pheteng m‘iimtelg appesrs &8 haxt . A 'l:jPrc-t'l

i example (s rhodamine e‘;G im ethansl, whese absopplion awd emission speqm e
| sheown juv F-'ﬂu-‘..'é ). |

| Th,g Eviepgy ~ lovel diuﬁmm fer o tﬁpfcul dﬂe loger 1S Slhownr [ Fla.{&6-% ), which
-| mdicates he singlet series of levels o awned S, o the triplet 5eri¢5_t-¥ T

| o Ta . Simce S is a very :hma.d encvead lewal, the renye &f uh:';arhfﬂﬂ M"
Nengtls (the absorption spectram) that coun pump population inte Limb E\T'd:e Sy

(the LT lager level ) iz afss versy breoe . o
. 5|ﬂ:||et Vevels, Triplet F\,ﬂs

[ hhiﬂ ¥ P“t ig vi

Eviigsion

FI‘T{.E_!;) %‘ ) F';ﬂ_{.ﬁ.s_)

£ 00 65 e
. After apticn) Pu-h-lpfﬁﬂ s imitinted |, the popudation within L exer ke Jnﬂlet

state Sy vupidly retaxes within 10712 4o 107" (oiond ) to bhe lowest lepels of
l 5'1, Lu.s;vtj.u.ci:t‘m Cowe tahe place between thage | levels and thote wewr b tap

i of So. . The 5| te S, tronsition js oftan very rapid ¢~ 10 75 )y u@cassituting itensa
: P“"’"‘Pi"‘ﬁ te schigve population juversion. Siveg the transitions wure batwegn bands

of eneryy levels a yunye a?---\m‘u'ng troamsitions i possible,

l#‘.‘?




. 6.4 Samicanductor Luserg

Semicouductor laser davices are swioll omed efficient with tapiml dijmeunsions
0F less thon o miliimtater. Th&ﬂ opardle on wowelenyths Y‘Mai.dﬂ“;mm o6& to
| 1-85 pm-,-dnpending wupon the nmatorials of the luser mecium . Cavtoun sdmim

;r_gnJuctnr materials are copable of pmdua;-.-:nz popwlation iwersion wicen

‘uanmtnd to it cueryy source. The principle of cpevation oF u semicqnductor
| laser like GahAs prv guneltion is shows {n Fig (6.9); where the Samicomductor
- Velounce bome , v, and conduction band , ¢, separated by the u[ure:;t} enerdy
CAnp, E If the cemiconductor is ot T=0K, then the valance band w;ll Le
-Camlp.lete'l:j emply . Excitation of electrows ig provided whaew « ?ar"wnl:hj—laius
-\};Itu-.ﬂe of w few voits is epplied across the semiconducton lugars. . ThﬁI weans
that there is thenm o popuiation iuversion betweeou bhe valomes aud conduction
bands . The electrons in the conduction band fall beack jubo the velawce | band

| snd recombing with holes, emitizl’nﬁ

& Photon of the yunction iv a process <.
| called recombination radiation. Tie :é-u
| process of stimulated ewmission of EE
| vadiation will preduce leser osciliution ::!:: -

when the semiconduetor is placad i» §:.
| ot Suitablp resonator cand the - 4 | | |
| epPpropriate thresheld conditions ;"1 Jl : Empby levels
- olre Fulfilied. Optical rassnntor Can éi’ | lF
 bg-done by polishing the end Faces — : T Ter
. perpendiculor to the plane of the ’ l

: Fig- £6-9)

L pen éu.nctfoﬂ .

GatAs lasers aves efficient sowrces of colervent roadiabiss sud cre tobee

For their small size. A{‘.ﬂpimi--—GnAs luger =t recw tempenrture b
operaling . wevelength 0¥ 905 puwr, produces & w of peok padiant porer and
requives o applicd Vel-twﬂe--a? about 1.5 YV, with ef?icfeueﬂ- oF esbouwt 107 -

i

iﬁﬂ




