IT/95
C/’I&P* ey ? SP@&WZJ L,‘ne_h)mh anel Z_fﬂeS/ML/?e_

é‘:,l,l, Thnhoduction
After we have gone throush  atomic  Structure '(3}760’7 to
wnderstand  otomic energy shuctire dnd Yrdiative Tamsition
'b%eofg/ to undexstand  tronstion Prbbabu'[l;fy) polmrfza'h‘m and
(xngulaz{“ dcév‘ﬂ\btﬁ’?ﬂ, now it s fime o le%/ come o the
Prbbiem Q'P the width and shape @-P SFEC'HZJ lineg
Mithougth ~the centrnl 'ff%;vw”ﬁg (Wavelength) of a gfecm/
(e T matni\/ deternied by energy level) Shuchure (ice.,
(i ==(Ez< ~E: /% ) and the fn’rens»‘h”/l, polarizaton of &
sﬁyechap (ne s mmnfy Jeteymined 7:>\/ Fran $ition tﬁem;// the
amm,o &%Mewczt, wWidth , 5}1@/90, / and fnZLenSsz of a. Slyedmﬂ |
lone e st a{’—fcded E)/ mm’)/ OHWQY" ’PM"LWS/ [rke uncev‘fa«“ngl
principle , Doppler effect | collisn, tansit tme, Satwration,
ete . The. overald SFECH&Q [ne |3 an ultimate fesult of all
these fictors combined with atomic stubkre and Yadiatve.
troanshion  -theories, | | -tianston matiy element 15 derv,
(e owd not have o tronsitien [ne Haz\)e’%\’/ If the transdim
Matite elenent s non2ew, Shat kind of spectal lme we
Con ge/’f’ a@eFeMLS on exfeﬁmeﬂap Conditiensy a4 we Wiy
ObQS(/HE{; below , I
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A «f%,v\) COﬂCePﬁS @~F [me 5’}1@/72, {,‘ne w,‘ol%,.fen'/’féj -f}%ﬂéﬂcg,‘

Tk
I/_ ! ,)Q_The §r>ec+mj drztrebution 9? & lime i<
° Kewmel
‘{*eFI"esen-red as T¢vY).
i f Wi‘ng ® Cen’(’faﬁ ‘f}?‘l ‘#
N = (Bx -E; (301
VY, ¥, Y Y, (= °>/ h
© le ~WidHh- af»-h’a}f ~Maximum (. FinH M)
///F/: V=Y, ~J, (302.)
Y, (here Y, ond M, Or the ’f?zgtma%
- | o Ve Mearam[@ . [«mlf peak (,y?zen;.'v’g{ I/a/z
—_—V Y __
“ @ LCne S}IKFQ ([.Me meile) 1())): E)'”/Q[o/)e_
l{emeQ . V< V<, (303)

Wing © <D and V>, 30
@ feal in*{m\s{% .
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SF.2. [\Iamﬂ Lmewr&% and Lt‘neshafe

To mvestgate the Spedrfap distributin of a Spontaneos emissv
on o transiton £ —>Ei (K— uppev” leved , ¢~ |ower leved)
e describe the AaM's S]mn'far)eous emission of an atom or a
molecule b\/ a c/assz‘caﬁ mode/o oFa dam,f)ec/ harmonic oScillater
with freguency ¢, mass m, and vestorig force constart K.
“The yeason thet pe do this is the considexation thal a neutrzf
otom Contains POSITI'VQ and Negoctive charges. Undey certam
conditions, it forms an electric dipole = ¥, When the
electiie dipole Ts mc;k% harmonic oscillatn it can em't
f‘/lec’ﬁomag petic aves. T, the c}asse‘caﬂ model, the electic
dipole s described E\/ 4 haymonce oscllater With yass m
ond Yestoriy free Constant K. |f Wedo net consider” dampay
then the harmonic oscillation is descyibed b>/

X+ L5 X =0 (305)
whete ()7 = k/m The Solution of Eg. (305 undey iactiad
conditins Yoy =Xo, X(0)=0 is given by
Xt) = Xo cos ot (306)

This s @ S»‘ﬂgﬂe f@;weneg monechyowafic  goave ;. @ pure sinusodad

w@dexll\) time  domain and a S"’?ﬁ/e *ff’%b@mg n ﬁ%ﬂency demasn
L) J(w~edo)

> W
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Tn Qa[,-fy, Such a monochromate Wave does not exist,
because the rodiation O'F the OSCC//M‘M; electic dipele il fesultt
s energy loss of the havmonic psccllator ¢o the amplitude of
-the oscillativn witl decrease . We describe this Phenomnon b\//
a d&m/]ved haxymontc oscillator With & o'amPt‘ng constant™ Y. The
(,M\P{r‘v‘wi% mc the oScillation Xt IS described b>/

N +PX + X =0 /30F)

whefé A_’)OL;.-: k/m . The Solution 0,{3 E%,(?) L(Y)Clef [m'f?‘a,p Conaﬁ’ﬁbus
Y(o)y=Xo Gnd X (o) =0 (s given by

~ (32t
oy = o & Teas ot + (¥/aw) S@E] (309

where ) = [ -F/2)" .

Fbr small  dempig Y<<edo, s0 Wazcdo, The 2nd texm
in E?.BO?)CN\ be neg!ecl’eol. 'NWS, e obtan the damfeol
%CLYMOY\I\C OSCCl[@'Hm (SD[(,{"?\O") 0S

~YR)t
X () = Xo € ) ceaadnt (309)
The —ﬁzg,ueva L), = 2T cOm';SFondﬁ to the OM centra l
«ﬁé%mcg ke = (Ex ~E¢)/k . The amplitude has an
exponenﬁ‘aﬁ deawa Wwith tme , Qs shown below in tne doman .
T freguency domamn, the Jrw—wo) fnctron i replaced by

. . 2 ; v N *% a cJ Sh
| u,xlme Pm—f‘leefé)}/:)h't ceytacn (Wid nd S ape .

9\ " o)

Xo A‘*/\\“ L L \
/\ - A orem}m_ﬁ

\/ fu/u,\‘/,/}\,, >+ Loz A Profile

- ClamPed osctllation o > W
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As mentioned above, q monochwmatic ol i a perfec-r Sl‘nuSOfdaﬁ
[/Oav\)e 'Tjwe dampeo] 0506[/@'/7‘0” Con be deSc\n‘beQ/ 0% a Swp@f‘;oaﬁ«‘hbn @‘10

mam[ monochromafic Looaves .

X (+) = f Ate) e dleo (310)
whete the amp(ﬁude /}(w) is the FowrleY” tyansform
— 1o - ~¥)Dt —t
Alw) = N X/r':)ew@t ’"”“Mon é cos (‘()o't)e.wdf
(311)

. X224 -
Considey  ov3(nt) = ~2i (e 4 &Y

' "[“)/2) -t - — gt
. J‘o ( (s 4,&)0'(7) e O}t

| ._Ww-aoo)ﬂ//z]t ~[eCwrer) +He]t
1 (e s Tt

e.{i<w»w,)+y/zjt} ) é-):c‘(wm)o)' + J)/zj'ﬁ/ o
" k'] + o
LD~ +V/2 (D480, + Y/>
l

S e [

=zl Sy Nw0rw) + ) ]

/

e~ p—

Xo ! /
. = —— -t — > | -
AlD) Ve [ Sl-w) +¥2 (o) +)2 1 e

The jatensity T(w) o< A () AX o) = //‘rlmfz_

T w)= K Aw) Aw) =K |Aw|*

— . X, ~ (=) + V> , g (te) + e /z
& (L) (¥/=2)* (o) -+ (£)
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L0 0De << B0 in H}e— \/u‘cfnﬁ’;{ o*F the Ce”‘”aj @Wm}? cdo

. the ferm with (@ +.) is much Smaller than theterm with (-4,)

. the TeYm with (+ee) can be neglected.
Thus, the intensity Profile of the Spectrl line becomes

C
CAD*&()O)Z—F(})/Z)Z (2 12).

where C is the normalczatien 'fac*fvr“ .
Ta ﬂDY‘malIZe E%.(l&), we QXPP@SS ‘H’)e ‘tvmﬂ ener?y

as Tt = f‘?:cw) dew G
Substitute Eg,(ara) oo E%‘BW)*
N e C _
Lp fo I(w)dw = f--oo WS A d(w-w,) = C/()//ZW)
= o ="Tr 7/

Define N T /=T
31,- (CJ) = T = [c«)—c&o)2+ ()//2)2' (216
This 1s called the nomalized Lorentgian Pm%‘/e, e have
p _ [t _Yln 0 —
[rwdo = [ BB e = 1. 6
Yew ___ _ . G w) (318

“\\ IC(‘J)::‘IT (L\)—wo)L—(-[)}/z)z
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| et the Peak densl‘% be TEPW—S@YW@J b)/ To , Le., Teew=tlo)=T,

Eq 112), we have
F(Dm z ))/27"(' - o

, = Tw=w) =T — = I
T, =1 Y= ATt A T 7Y
Thus, the totat enevdy T has -the -]%[/owc’j Yelpteon With the

k rntensr
peske TIIE L 10 - o'—-——'T’;,J (31%)

Substifute E%.(am) fnto Eg.(/é‘), the jnfensity. profile  becomes

(w) = 1, ()" ,,
1 (D~ + (¥/2)* (320

Apparently , ghen | w-wo| =Vfz | Tw)=21.
co e =Lt E )//2 are the 'ﬁ@;uena‘e% CorresFonal% 1o

the haif Mmoo mum

'Tkem]ro‘f% the ,\‘neu)fd‘rh (FWHM) Of T(w) is Given b>/
gwn = Wy —W- =} (3z21)

ol TV =S e

This is the nafural limewidth of the domped haymonic
escillator  and Y is the damping  consfant Cauced /D}’ the

ehergy [oss due 10 the yadiwtton by the electic dipele,
The [Mme In’(ensﬁy me;/e T () given {o\/ EZ'@’SL) or E;(,s.ao)
have the Lorentgian shape . T f-e
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Frovn Quantemn Mechanics  point aE View | the un,:epmm? Pf‘\f?@Pl e
AE -4t =Th, (23
Shews -that the energy levels of an atom Whieh have finte
(ndiafive lrfz'r(me cammst he considered to ke »‘n{’{nl‘ié/g S/mfF,
Tnstead the discrete energy levels must be veplaced by maxima
In A contiouous  Spechium of energres as showon T akeove {Sure
The full- width-ot~ /xalf~ maximun (FHm) of the energy
le\)ezo RS d)e'te‘(mined /:y the Yudiative /c‘fe_ﬁMe 910 that |evel

: / </
[ = AWk =ALg _hpr o -L- 2 Aky (334)
3 /ﬁ h e } J

LWhese. Akéf are -the tlans)tion Pmbab?l[ﬁ‘% 910 the ollowed electric
o Falc Fronsitions —me v f all /pa%ibQ [owey” levels &L

See o 3@(19@@ both the LL/D/?@W and lower Jevels &7[\ an
electric dipale Hunsifion havie fr‘n te /(‘feﬁ‘mas/ +the un ce(‘/at‘n?/
in the gpec’rrcz,o [lee (i-€~, the emities Fhafons) must
Tnelude the Mﬂceﬁw‘n% i the ener(z,zy @-F Loth the uppef”
ond  lower levels Ao showr in e 7%(/%,«57 Frgure,

Upper level K | (v ,_f,.é = §’Ak.a‘_ (325)
lower levdd £: T _:._»—;é; - Za/ Ach (324

’ﬁ\e.w the SFechO [ine width

Awk,; = Zjoi = Z|:+ﬁ

_ I T la 1/ ~
= T -+ Ts ZAK} ’l‘%/}'pl)"(Bfr')
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oA, = Alks (Vo +V7) _ S hes + 3 Ao
27 27 o
—Thes s called the natwrnl [onewidth 97[ He transifron
k> —> 1> The rguency distribution wan fist obtained
;WW W'eCham‘\C@[% b}l Weiss )<o/>7C ond N:gne{’ /0 /730"

(228

Tee (@)= T4 . =T, (m/j) —
[o-tes) + ( [ee / 2)2 (w0t + (Tesy2)
(229

L R

Trom E%,(azl) e conclude that y,f o gfeamﬂ [ine csseciated 1

an evergy Ie\)eﬂ Ex hag  low /}Kzz:/ bt™ O'rhef (mes on‘gt‘na)f’edﬁmn
E\< have lm?"\ AK(Z’/ then tl'\(s weal [ne can St /er (Q@C
vodural [eidth Aes, (hy 9 Can you explan IF dell 7
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T tmmsitions Jom excited STalS to the grund st Sice the
Tediatve [f]’z'h‘m€ e{} the ?Wd state g

L =00 (re, there s no
Spontaneous em rssion Afrom the grmmd state) | the natwral me pidth
9? +this fransition

N
_ Vi = Are A
[
Ol = — = Shei = Ax (331)
< i

Let us mow considex the yadrant FOW&T emitted ']Drom
N exefed atome on & transition E—> Ei (nok. Me is the

yiumber of odoms on the excited state Ex), [t rs given by

d Wke

S = N Ake - h ke (332)

w}\@r& AK‘!; is the trunsiton Yafe Jomm E}c —_— E{) r.e., 'Me
+yanSiten Pmbabflft‘f per unit +fm€/~ WA)/:'[ is the e)’)e)’?}/
O]C ang!e Pho'nm (W =[El< ~E D/ )

“The Sr;on'faneows emission of a Source with Volume AV
1S ) So*hbprc: amol Nk is ‘t/’e Nnumbpey” densﬁy 070 atoms on the
excited state EBx, Since -the movant Power )’)omogenews%
distributes on the sphera Wrth Surfaca area of 47> (Yis
the Yadius of the sphere)) the radiant powey”

focelved by 0 detector ith aea A is given by %SA
P. = dWee _A _
K¢

- At 47y ( 533)

Detector




Ta05
This can also be undevstoed as that fhe vadiant™ powey”
bomogenew&lg Astnbutes on the entive 47 solid m)g/e/
ahd the detecte!” Sub*ends a Solrd Qngfe, 07@ (/}/ra) +o
‘the mdrodw (i€, +he afomic emission Souree). Thus, the
recerved mdl‘mﬂ” power I8 ?l‘\/en Ey

Y |
Pei = dﬁk" : 4{; (334)

Eg(&%/{-) IS egw‘\/a!en't 1o EZ'@%B)) N ‘tl’)ﬁ Case @7[\ S‘/}on—/*aneaug

isst ch 1S (Sotropic. We\ /. ° \
emisston ‘A)"“C'” ! e (Mdéltm’)/#/( 1S the fadiant
oooer 0wt soled argle. 1 e use P@) B exprs
+the yadiant poweY i pnct Sold av\gle , then gr (sehopic
emission ~ the received power fs given by

Pec = P45 (335)

When dealdy ith anisotropic emission or Saﬂferg) e
Can mod\‘f\/ E-g‘(a%b’) to the %l!wc‘r%?

O+ A2
R = fP(&) de (336)
&
H: the detector— Subtended solid cwg/e.
A/rz s S| enougk thet gy s
aﬂamximafely eﬁua/o within A/rzl then
Ey (336) con be simplifred 10
Pei = Pre) - 4= 33

%

%
:
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Whieh T8 Jentical o Eg,(%%). The difference s that ™
@331, Pre) is )’@a/é{ a[efendenf' on 0O, as the exarysle

ghown [n the —Frgwel Whele 53.33’5)/8 Pro) (s a a;nsfzwﬂj

Tndependent of 8.

(onsi derty M the number densh‘g{_ of atoms on Ex.,
AV IS the Yolume QF the qfomic Sowte the Pmiud’@f
Ne and AV s the total numbey” &F atoms on Ex Thus,

the Yudtant™ power” foceived by the recetver” (given by

Eg (33), of Eg634), or 53,835)) B
PK‘: — N/< AV'A}(.y: ’Jf)&‘)kt\ . Z%;F—Z (558*)

PK ¢

/\}K == ]
? M 4 “) 4: .
AV /’kb ‘5 k Y2

n
LSRN

(329)

T\nfs means ‘fl;)\af the densﬁhéi Ne OF enitleY” CAN be /*nfén'ed
qcrom the Ynﬁa@"‘/md poweY’ [F Ake s known and othex pavometers
o Yheaw/fed . This is the basic Pn‘nu‘ple jDor |rday and other
meagwrement methods t5 detect gpecies numbey densﬁﬁ%,

Emmgle: Na 3°Py, energy leved has lifetme T =16.2303,
o fransition fm 3°Py, —> 378y, (De li0e) | the maturad

lvne width e ! _
Jﬂ” - o 16.23%0 T x2T ZSoMHg

({\)o‘h&; 328}/2 is the gmmo{ stafe_ c9-f Na , So T;= 00>
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$%.3. Absorption and Dispersion  Versus Ref raction Tndex

When an electpmagnetic wave posses through & medir woith
Yefruction fndex N, ot on/y the ade amplifude decreases (absorption)
bat also the phase velecity changes fom its Value © in vaceuon
to U= ejn (dicpers, The vefiactin ex n=ncw) depends
on -the ,szwenr/zj w0 of the EM wave, Co usig dtf[erénf fj%?uem%
Com{)onenh have dtﬁefeni’ Phase glpeedg.

The classicad mode a/e&n‘bt‘n; +he atamic elections  as damped
harmonic oscillaters which are forced to oscilete L)/ the electiic
fterd E (@) of the EM wave, Fiwes a cleax™ pictere of the
relattn petween abserpfion and OP,‘g[oem‘on [ Kyamers — Kron'g
felatton ), Absorption and dispersion are Yelated o the Tmaghary
ond Yeod ’mﬁs of the com/a/ex Te{rad?‘on mdex N=n'-ck
reg’)ec'h‘del%/. %ey are two different™ agpects of the Same }ahyg:‘m/
Pmcegs, Ths class val mode| allows the mocyescopic fe{mch\m
ndex to be telated to [ts microscopic Orgin, ﬂame// +he
electonic Choage d st bution of:‘ the afomg or molecules and s
YPSFOHSﬁ 1o the EM wave. |

The conclusions of this classicaf) model) can be tansferved
1o YPKO molecules or )’22410 afems in & T?Z[a’ﬁ\/e%/ simple U@f b\/

fn't“FOdMCVU ‘H’\e CD”CG/)’# O‘F DSC{'[/@?L@{" S‘?’T”en?ﬂ;, [‘.Q\’ f}“ﬂnﬁ?@“ﬂ//&
into guanwn mechanics calculation Yesultz




Taok
(). C(ags;r@\,Q Modef 01[ the Pe'ﬁacﬁ‘on Tndex
EKTevnap Tesonance  Yadiation rJL\:‘eId (EM cave) forces the
ptomic electric dc\pole to oscillate. The aomic elechic dipole can
absorb enery fom the voditen feid and influence the phase
_\/elocmf of the EM Wave . This 1s eguvalent” to the M
chimuloted absor pfion . Undev cextam comb”ﬁ\ong, the atemic electric
dfpole can  Yelease energy 4o +the Yadiation —F(‘ekl — egu:\/a/em-(—
to the Shimulated emission. Thus, o forced  oscellatin @f A
damye& hoormonic  oscillater 1S used fo desevibe The chmulated
a\bSorP‘h\w\ and gh‘mulafed emission in ~the clagsl‘m,p “modeﬂ,
T})e ﬁ:r?:ed pscillation a'{3 a d&tmpec/ o Setlleter W oh c/zm?a
g, mess m, and darpc coefficient b undey the fﬂ]pluenca of the

@x%e/ma»@ ‘B‘fce g? n the X directon E = é\i Eo e ! s described
by the following ol fferen thal eguation.
my + bx + kx = gEO@Wf 300)
The Splution of Eg (34> is
gEo e gt
M (s -0+ EYw)
6\)}\6‘{? y'-‘»:b/m) w" = k/h/\.
The —f;med oscillatton of o chavge 2 generotes On rnduced

electnc dt‘ﬁale moment™,

2 2314
P=gxw) = £E e (3U2
N (o —cOF+ (Y 0) )




T 209

“The microseopic electric dipele moment can be writen as

T; = 20 )(e ? = 20?{6 Ea ef\wtﬁb (543))

Wheve ¢ — the drelectnc constantin vackum

%e — the S“SC"’[’ﬁb""@{ 9% indviduad afom ex molecule.

F(om Ezs.(%&) ond (342) MR pbfoun

e & / ,
9{9 - S = WP+ Y W Saace

go Eo ei\wt MEo

“This 1S @ cOYVl[D7€>< numbeY”, and We can -F»M’rke)f“ Wnte .
fo=_E i e

me, (e )+ (Ve

volent to the electton

Note . the oscillator Mass M s egi
meM_

Mass Mo, or more preseld, the yeduced A4S p=Tern
This is because ‘the Obsorption /emrssron are mm‘nly Caused b)/
the CMRO% ef electon states (as we diseussed in AM

transition ~theory), The oscillator i mainly an electon
osce{/afﬁi around 1S e%u{[(bn‘wm point velative to the nucleus.

There afe yeal and /‘m%l‘nay /7@{*{'5 9-F ){e. let uUs
defme ?Ce = //5@/ - 4/\/’530 (344 )
7{6’ - ﬁ,w (30

Moy (W) + (V)

(345)

% ! = __,.gj- y e (349)

e . ’ 2 a2\ 2
Mes (=) + (Y00)




T2lo

[Jith 53134%), );;.(34@ can be Yewrden as

p N 1% (Ot - T2
= g,,//[e E =&t Ee® & e b e’ /)(344)

This indicates that the force oxcillatton can be dvided into
two FaﬂS, the -Frrsi' foym  hag Fnjﬂuse Yelation between +he
oscillatton and the £M wave ) avd +he 2nd teym shows the
oscillation has phase delay of T/ Telatve to the EM wave,
Tn a sample with N oscellaers per unt volume (ie., N
IS -the numbey denst“rgrrf o escrllotors ), the Mac Yoscopic
Po(&m‘zah‘on P s the Sum ofl all electric dipole moments per
ynit velume [ nofe. P is capital letler for macroscopis Polmzaﬁoy)

D= N 4 X (£ (350)
From Classicall EM theord

B —ae-nE —efE 65D
Lohere ¢, — dielectnic. constan® [n vacuum

¢ — relative drelectt'c constunt
?C — N OLCIVSCopic gugce/ﬁ,‘é;f/,v% e,

’Z_

/
_ —
/\/% me,, OESH Y w |
_ - — L PW (362)

m eo (WEO) (YW)®

Fon Eg.51), we howe
E=1+x  z»




Tl
Fom EM T }\eory’ the P/')aSQ Veloc:ty @{3 EM wave i medium

[S given by -
V= /gg,,/e;@,) = % (354)

Wheve Ho — the permechilify in vacwim
o — the velative pemeala{/ﬂ;z
'Tke l“g}rf’ Sfeed mn ovoeuum s gln‘ven by

c=(/¢ ) (355)

Fﬂ)m E%S-(ggl‘) and (355), We obtan ﬂ;g Med!‘z{»’\ {é}[mc‘ﬁ‘ar)
tndex 1 is  given by

n=Jep ==Jg (366

The last epuality is obtained when H 2f. This Jd= {
is true Jor mest matevials  except ferromagnetic matenials,,

ooon=Ve =/1+g (357
Qubstitecte Eg.(%?) inte Eg.(%‘?), the Yefractien Tﬂd-‘@—x

L-»ecpme& A C@M/F/e)( Numbey™,
> PV U S—
=g =1 % ME, D, VW
Ng> it fPw
me, (AWl ()
In gases medin. at &u{fr‘coent{(f low pressure, Nocd,

(9-2'~; Nae 2(“9‘702?>
ﬂzm, — (Y?-I—I)(n..,/) o~ 2(??”‘/)

=+ (358)
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Comba‘ne this with E;-ng>/ e obfarn

ne {4+ N§ |
oM, ()t LY
S NET | @R ibe (359

ome, (@) + (PR
Ty order t& make cleax” the phys:m@ pepleatton a-F Hhis CO""P’"’X
fefraction fodex 1, e Beparote the recd and imaghary parts,
N = N—<ik %)
O Nw) = N'(w) = ¢ KD
Consdexr an EM ave E =5 e@(&)t—-ki) passing through the
gas medion with vefacken index N, the EM wave witl have
+he Same ﬁ:eg,uﬁno%rl LDy =te @8 in Vacuum but ddtffeféWf
Wl Veetor” o = K,on = &I (e A= Aoy, From
EgB6o), e obtam
4 (Wt —Kon2)

E=E¢€
-l ka2 flwt- ko N' () 2
~Le o'l )

_ 2T KUY, eg [eot— 2T n'ce)2/a, |

(361)

L —3

o
Eg.(%éf) show thet -the maghary part k(o) of the compley
m{mcﬁon ndex n describes the absorption of the EM wave
at O penefittton dep:»f&\ OF A2 = A %mqw), the a:mf(.“mde
Epe..zngcw)%a hos decreased to Vo of cts Value &t Z2=0,
The real part n'cw) Yeprsents the dispersior of the wave
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l.e. the deFenAence o]C the phase velocty V(é)—: C/n’[w)

on the -Fr%uenc%.
Combine %5-(55‘?) and (360), We obfasn e veal) ond /‘magz‘na,ha{

’\}‘OU(K o{} YBfraa'h‘m’l index n' and Ik as
Ng~ e’

by = |+ —F—
,Y) ((A)) ngo (wozﬂwz)’Z’f(Vw)z (352)

k()= —& oA 1 (7)* (363)

(2) Quontum Mechanics (orection to Refractton Tndex

Above afe -the resulis from  the clagsa‘caj model. We
Need o make QM Oovvection +to them. —Thes s +o intreduce
the osullator strengths that have been discussed i the &M
Hmnstton H’!eﬂy The meansy @]C the oscllater” dfen;fh IS N
the )Collou)m? . beause of the large NumbeY” 070 fossible enevgy
levels | afoms and molecules have net only pne but many
eigen ﬁ?@uena‘es at cohich ’Cl’\é%?/ can abserb yadiation An
odom With one outer —shell electon hcwc‘n? exctation enexgies
in +the gPeahm,p Yange undey cenSideyatien con be oiesm‘bea/
LWith Yégard to It abgorpﬁ‘on 28 o classical esellater aith
pscillat®y charge Z=-e. The total abswf/?ﬁ‘on of an afem
in the (evel E¢, howevel s distributed among mand fansitons
Ei = Ec to al high levels Fe which are 6/91'6‘0%(/%

Connected weith E¢. Fach of these tansitions  Contibutes on/y




L2114
I fmc’rc‘on {@K to the total absorfﬁon, Thie number ﬁ\K<1
rs called the pscillater” S‘f’@“&"'}‘ of the Hransiton E; —~Ex The
absorption of N ploms on the transiten [y — Ex s %m@ to
that of foeN clagsical oscillaters.  From the definition 9-( the
oscilloder Sfrength, We obfan
ZKW@K—:-A/ o %ﬂk—:f_ (361)

This s for Single electien in the out-shell of ~the ofom.

l{ +the atem hos m  valence electons, then

%'Fo‘x = m (36%)
The summation exfends oveX™ Al levels FEx [ mcfwlv} the
contiauum) shich ave accessible from Jevel Eg by electnic
dipole Huangtions. If Eg is an excited state incluced
enission to [ower /e\/eps mm/ oLy, which drminishes +he
eﬁ‘edrwe oLbso r/ﬁ?‘on . The carre»spondﬁ oscillater Sﬁengf/) —;[}:k
sith Ex <Ee are therfre negatve, This is consisternt
With W/MLT We PreSQ\n%ed in the Padiatve Tvaveifen T/?eD'?"Z.

Using +he concept e{: oscillator $ﬁeng1‘}) ) the a,bs*a/]oﬁbn

ond oPtSFem‘vn g;)f real) atoms or molecules in a leved E,
With vesonance ﬁagmc% (Dce Can be described Ly puodefy g
the 01065?6%«0 —{%me(ow Egﬁ (362) and (363> to




TRIE

Ni € 5 (=2 ﬁ‘i — o
2mée, k [5!)4)(("602) ’f‘y@k&) ‘

ni (60);{4‘

2 N N
R
ZME k(e -e?) A+ Yy 03

These are the QM —conected Comp/ex Te,fmcmm rndex

N, ()= 7’); (W) = € kp(w) (36%)

Example The £ value of the Na D—lmes s
fe3s- 3%Ry) = o320, F(35—3"Pp) = 064
This implies that -the two D-[ines carnf 96/ of the torta )
pSccllator stength out of the greand state 3.

(3) /H)Sor’ﬁ?‘on and \D\SferSfDn
Tz}
Fzlem? N

1055 -] :
d& % [f1-d(w) dw dz
z

, Iw
- 7 !
Z Wy W

Fig. Absorption of light in an optically thin layer

Generally the absorpton of yudsation passing through 2 medium
IS charocterized b\/ ~the abSorption coefficient oy which descyibes

+he odtentuation 610 +he Yadiation | Mev\sft)% ( yathex than +he ath‘dee).
I—F the x‘nTeY)S(’r}fl @.F o plane Wave S T (2), its atlenuation aloﬂ?,

the distance dz s AT = ~ AT dz (369

The obsorption Coefficrent oy fepresents +he *sz/h‘on d I/ T absorbed




T=216
Within The wnrt nterval dE=1{ om. For eonstant & (e,
a‘ndePendenf of 1), Integration @f 52.[%5;) }H‘e/ds Beev's [auw
-%;r lineay™ absorption [dIT) .,
T()=T. & " (37)

where To s the intensiy ot Z=o0.

USM? EZ‘(%') and consfoleﬂ’g T o< E-E*
-2k K(e)2

N T)= e (3F1).
Compare E¢.(37F) With Eg.(3%0), e obtarn the absxpfion Coeffieent
ol = 2k k(w) = 4T k() /A, (373
Thus, the absorpﬁ‘on coeff(‘c:‘ew’t Is Pwporﬁbna,@ to —the Tmag»‘na@
port of the complex Y\e'ﬁ'aa‘h‘on index N=n'- (k.
[Lsing the classicad modedN (w) Given Ly Eg,s.(%z,) and(363)

LWe hove O o KCw)
Olw) =4TT K@) /), = —3
N s Vel
= NEGe sl —— (373
cCme, (2w Y+ Pior >72)
2 2. kS
n'w) = H__/\,fﬁ_/ Wo —20 (374)

ames (DI + YW
For o] << o, ot »= 280, Thus, E3s.(372) and@76)
Con be Sfmplt‘ed tr+h g= -e A

iy = et ¥ (75
f € ymeg. ¢ @ew Y+ (Y2) )
n'w) = (+ Ne® £0om 00 . BF4)




T+
%g,(@?ﬁs} and (376) 2211/@ -the JKramers - Kmm‘? ’Dl“sfer'sfon Relations.

He{e, m S -H\e mass O'F electrons . ’Ti]e dt‘SFEfoon fe/aﬁ‘on s
sl/\ou)f\ n the 'Fl‘gwfe be low .

Aolag Absorptien Ol(e) — Lorertpian g hape
| l with FHM = An =¥
051 Y
o 1) pp s .
0 / J \ w ‘Drg,peﬁ;non N'(w) -—-*c}:S)’)efS»o/) p)@ﬁ/e,
7 N'(w=wo) =1
\ / TFig. 3.5. Absorption coefficient o = 2kic(w)
- and dispersion n/(w) in the vicinity of an

o o atomic transition with center frequency wo

l}smg 'L’}\e &M-Cor‘red%d Y*efrad?on Fndex New) 3,\‘/@“ [)y Ejf%é )

end Eg.(aé?), We have
Yik 0 Wik ffﬁ,,

/\/\62

lpw) = S g TELIE T 6T
° (o5 ~02) + Vop &°

f _ Ne e* 2 _ )5

Niwy = 4+ _Me s Wk ) Tie 578)

M K (i %)+ Y @
For Wk 0| << @ik | e +@ = 200, then Eps(371-339) can be
Cp2
Q{mp\\‘{(‘ed to Hi(w) = WN‘L e Yok ':P12(< a
Imeoc E (i) +(Vec/2)
nicw)= {4 M e* _ [(toe=)/tse] ﬁ“z (380)
ang, K (W -+ (Yol 2)
’ﬂ""s (S ‘FO‘(‘ "H'le case- ét)/)e)’\ %e Yao&}jz,‘ﬂ‘an 797‘2101 A@g wide
SFQCLW"’\ to Cover WVV# ’{'m,y)sfh‘gn h‘nes__ I’[>“‘> )K> .

(379)
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Howe\)@r , S{’ef/WSwP\/' We have +he cnse +hat +He vadaten

-F(‘e\i }mg NoYYou S')edmm ( ard ©N Z\/ B4
£ we write o = ok for ths transiem, then

gl W) = Nie® Yer ek
{ 4me. 4 (wo“&))z‘{‘(yt‘K/Z)l

{—+ M.£w°"w>%K (383)
Ame, Lo (e + (Yoefa)®

d to the CJO‘\%&‘C&& modeQ resulis EZ .(3:;;;) and %‘(3%{)/

xectes one transckon .

(381)

ﬂ‘ik(w) =

Covw ‘9 oYe

the QM Yesulfs Egs.(%’l) and (382) have the ext {acv‘aﬁm

the oscellator STLre,nqa% )

The abserption coeffacent con be dexived -from Anothey™
Pocn—r—o]ﬁn\/cw. The absorpfion poefficierT oloe for a TOnSHO
' &\>__;>] K> o!ePenols on the Popuzaﬂon densities Mg and N af
the lower and uppe” [evels and on the @pﬁtap absorption Cvoss—
Sectton Ty of each afem. Note . olec has unt of cm”, while

Qag has unit of cm®,
Keep in mind that™ the stmu lated emi-tted

Ex —=
- N UL R photons frovel m the same dirction as
wW> g ewission
0. eﬁ%j“" +the nexdent Fhofcng) While +he %@n’faneou.s%/
£, | (lst)  emited photens 9o any dirctions.
Thus) SFon'f’ane@w& emssion  counts —‘@r
+he Crttennation O]C Yadiatien Thf‘@ﬂgv'f%, Whele S—h‘mu(odéo/ emission
Adoes not Critenusade the voudixtron Tnten Qc"'% i
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L e (W) = N¢Qoe ~ N T (363)

V90 =Felk, o ?@ ik

Thus, the absorption ooefftaew* bEL ovnes

i () = T () [ Ne = 3”1‘ Ne] (388
Usuald, g s well abote Ec. Under weak Yadiation —f}eu) We. have
Ne << Ni
Thus | the 2nd Tenn in Eg38%) @an be feglected. Therfore,
Kok (W) = Cpe(w) Ne (389

Compared with Eg.B379), We obfam the absorptin crmss-secfion

[M:H« the *ﬁ‘e%w&n%f[ Fn'te;Naﬁ) .

Dt = 4me,C % (Wox— 0+ ( Yir/2)®

(386)

]—F there 1§ on(Y one fransition bemg exeited by the. vodiztitn ﬁ‘ezi )

then We hove the @&M‘Pﬁ‘m Cypss— Sectivn
O (w) = e® e . Yo (387)
AmeC (1w, ) + Vo) ’
At penk fleguoncd 1y =uo (=core),
e® fu
4 W =l ) T — &8
Uoe ( Ve Mot (3%)

Egs.(%’&‘é%(g@%) ave the absorpton cross section (g (w) Lndey”
‘t’/\e LDYQW}J/‘\M l\‘ne 'PY\O'F/Q
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Example Digperson
Mognettc rotatten of polarization —> fesonant favmoay effect.

B

1 %MEM

h PR
— My =

[ iner Po(a)n‘zod?‘&ﬂ —_— OIQCOMFOSQJ into 4w airculax Fo[wn?aﬁbn
— Q,K(;erpewce d\‘ffe\@n& Yb—f!mﬁbn ‘ndex due to dt*sfembn
Ond  2eeman 3}’"%5 of magnetic enexgy leve Y
—> AN Causes Pf\aSe She‘fe behieen two cireulay Po[aﬁmh‘azs

—> Yo tation o-? l\‘nea/\(‘ Po(wn‘za,ﬁan w%eﬁ Yecombine.




T2 |

é‘:!”r‘ 'DDPPIQY” L(nem‘d'f}) and Ln‘nesha,,:e
Genem([g the Loren%}:\a,n Irne Pmﬁ‘/e

59n, ks drscusseo/ in the Pm\/w‘ous Sectron,

Withowt” 9{7‘36«‘@0 'i'echne‘gues | because it S comqv(efe[

b\/ vthey™ broadeniy effects. One @F the major contributions ¢o
o Pressures s -the Doppler”

‘tl’ne SFQ&WQ [\‘neu)idfl'\ n 99(3@5 at |
width, which is due o -the thermad motion of the abSorbiy

of em(“fh%) mplecw‘es.

ZDoPPler ef{ecf IS the Phenomenon af —f&gm% oY
(,)a\)e\eng’fk Sht{t Lohen yndiation Sonvee and YeceneY” have
relatile motion. |1 Was «frrs’r described b\/ Doppler. A Wpt‘caﬁ
examP\e 'S <the blown A)Lu‘sf/e 070 an appmac&/& fran .
people {}eel the Sound s '\Shaffef" than its at r@g%)
hile +he DhistHe 'ﬁa" a fain /m\)rij US Sounds [ower
f{@%uw&g than its at yvest. This means that when e
rudiation Sowree (€., the Ain) MOVES fowards the Yeceiey™
(e9., human's ears ), the Tadittion (e, Sound wave) {}%W\%
nereanes (i-e, wa\)@le@% becames Shortey — blue Shift) 5 When
the fodiation Sowrte moves away from the Tecewey the
Yodotton «f}*e%uev\ctr{ Aecrenses ([Q.) wax)elengi’h becomes [onge,\p__h

Yed Skfft), “The key Polnt” hete s the Yelative moten
ey~ 910 +he yodiation ( »‘Q.)H\e $6ULY ) Gnd the YeceiveY:

With the ')’)&Wa.o /»\neu)/blﬁ)

Camot be observed
) concenled

beteen the em




LAz

Considey™ an exced molecules  with a v.eloa‘iy v relative o the
Vest frame of -the obsevvel”,  In the Yest 'FW’“’—, on ofom at vest
emits a photon with fregund] L,
(hen +the cdom moves felative to the
detector with \/e(ocfffy @?' the
‘FY@B‘MMU# Yeceived b)/ the detectsr

(.DDPP‘@F Sheft 'F’f emession lfﬂel

loecomes .
e = Lo T BTV (389)

[Ohen the atom moks dea/rds -(f)m c;eTec\’OT, ‘z‘f. ?\}% >0
N e > Wo ([ blue skift) (37°)

(When -the afem moves awa?f «]%m +the detecter, 72:;<O
O e < W, ( ved shift) (391)

A st the resonance ﬁ?gwm%l
Lr the atowic absophon s 40
- . [£ -the ofom moves Velatve 4o the
Depel SHT forabaptin e difedvr with aelecity the
apparert {leguency of the madtation charges flom its ot rest-
g(e%mug L dp a Shifted fregusnc 0!
W=w-E-T (39

when ' =W, -the atom Will  have 7YeSonance @Iogmi]bﬁbw\
Thus, the absorption fr&guﬁ/nc% W = e IS g1ven by

Wa = Wo + 1< o (393)
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E%s.(%%) and (393) are the e)([ﬂé&s:‘aﬂ of Doppler S’htfi’ i ector

“The Shift of* apsorpfion —Pegw"oy N acwﬁ/ opposite to emESen 799?

\ -~
\a,’ﬂe'/l QD’IA—TCQ, /C AR

Ohen -the otom woved fowaxds the fads
D WDa < Do (red shift)

10 hen the aton  moves awa% from the ypdatien Sowce
N Q)Q > Wo (b[ue SA“%)

Lt when ﬁ\él—;reswd T vector, ‘ﬁ}:ey fawve +the Same

Wepa = Lo * E v (399
F = kvl toheve

)?»’7>o

E/ZQWW:

I'F‘ 8?(5"‘3336(4 in ScalaY (.€-, e out &
0 is the angle between K and . “Then the Sign [+ er —) witl

on O USWZMV{, we deft‘ne pne dorectn A }rwsfﬁUe/

def@ﬂd?
vey” teal wind L}/ |olay, Ae;fme pclﬁu)a/rd

L\)heﬂ measd WfVa

e.g-,
oo U= W >0, lLacer pulse  comes flom ground | propagatsy
_ R — 2T (D,

l/LP(x)axﬂ,SO Kz b""’E’”:”Z’”WJ

. Thus, the @béﬁf?ﬁ‘m’) *\)C/:%MM\% a-,@ the atom becomes
wa":&)o“f‘Kz'?)‘Z— = o (I+ %é) (395)

lohen the afom with W V@)oc{?{ Vo >0 emits aphafm
the YeceiveY (s af ?W"\l So the }d\oﬁm Pmpag.aj% dou)naﬁafd/

_ 2 . L
Ki i —7):0' =T e <0 Ti’ug, 'the QMKSn\M ﬂ?m?

We = L — Lenh =cd(lI- ‘?‘jf) (396)

Thus, the f(ze%w/«\o# Shift between Wa o We is
AL = Qo — We = Q&)o%é (397




/=Y

Above  we discussed the [tnear Deppler shift .V = kKyeese

pppatently if @ =907, e, B LT then this shift is 2evo.
Tn other wordS, e can averd the fﬁ‘mf” order” Doppler Shl‘ft' b

yodiation ‘ﬁ‘e&d perpend«‘culaf to 't’)"e Velocs 4%{

‘makr:j the
leculay beam X VQ)%[

octoms . Tfm‘s (S u))')Y ofomic beam or Me
A AN
gf‘* V gz s Aoms

o~ —
/k}"'{{’ KL {}? - K-V =0

Rodtatton

A@m“c/moieé%/@f berm o avoid (st order DOPP(W Shif.

Restdes the (st o e thefe Qe guadmﬁc Dopplex shift (2nd ofder)
Ahod 1S independent @]0 Velecrty direchon, but pPeFemls on -the
absolute value OF [% . “The minimizaten of 2nd srder Depplec
gheft con on/7 be done l>>/ lasey cooley 4o decrease },'{)?’ Ths
witl be discussed i lofer laser Spectrrscepy

For mmag Situection | QIoMS o molecules Mo Yawdoml&/
ndex J&\exmﬁ e%m‘lfbn‘wm [no fixed direction (ke adfomic beaw ),
They foilow a Mascwellinn Velocoky Aistribudton A the Femperature

T, T)’le. nitm bey” 9’F molecules Ng (V)dVz in the leved FEg per

UMH' Vplume M)l"/}\ a \/e/ocr-f'% Componenf bo tween ‘Z)& and 7):2»”%601);

o . _ Ny m(v%/v’)z
Ni (V2)dV; wj{};‘“ﬁ%“é 7 C]?)é} (398 )

(here /\)i = fnmfz)o!v;, s the %ml Popu!cdz‘m deng[—hé{ on levef
E,g) ‘U} = /Q-IQJ/A P 'ﬂ)e most Fmb&b& \/efoa"f% m 1% the Mass
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O’F o molecule | ond ka s Balgrann's constomd,

Tom £ (295, qf, = gﬂiﬂl Iy = Ldw B

Mmbex™ @-(2 moleculed

Tnsecty Eg(399) o E7.698) Qv -the
(0, into the mterval

with absen Fﬁm\ 'F@%MMQ\‘@S Sktf’r@i fmm
C

'ﬁDV\ ») 1o C{)’f"db\) 3
- : JU— ~ M
N; ()dw = Né 0 U [T

Z,C,Léé;idﬁl 2
-

VP T (409

Substitwe Vpp eguiton fnfo. Eg ho0) and el 0= Z5E we el

\ — Al X
Ny dw = N; poy= ’Kﬁ;{_
lm 1+

D@')Y\‘\“Q the YMs Width o this Gaussen gmfa@ Ak

Kel |
U = | o (01>

2
N [ Loz
. )ﬂ‘cw)da) = ex STE 2 (7.2 :{ (402)
‘ 27 -zt Dy RN

Since. the emitkd o absorbed radiant 7?0w@r 'P(co)dco [s /’-)mporﬁ‘mm,o
o the density ) dw of molecules entttiq oY absorbug i the
nterval dw, the mtensity profile of A Doppler broadened specrl

Iine beeomes

Ty T _ -y
i [(,0) _[o QXF[ (27?)‘226;)2" ] (403)
This s a Gaussian profile with o ful width at }mlf AL (Fici)

5—&)])7-“/8,"2*27?% = Q7(/9/n‘;.[<57‘ (40[0

m e




T 226

MSM% JA)D’ Ez. (403) becameg
(L *400)1 (L~

I—CU)> == Ig QXFI;” (5&),))2/(4//)2)]:L@(Fﬁo-géljl«)b)z] (405)
Relow S Q Com1>0~ﬁ§0n gf Lor‘en'tax‘m\ and Gaussan | P@G‘(e&
pith egual FoHM. 1

G

A\

<t Flg 3.7. Comparison between Lorentzian
i (L) and Gaussian (G) line profiles of
@ o equal halfwidths

The Intensity T approaches 2ero for laxge arguments (V-Ve) much fster
—Er A C(aussion [ine ’beﬁ‘[e than '@r‘ A Lofenyl‘an ]:)rb-ﬁ/e,‘
‘peﬁne ~+he Nomaltzed Gaussian (ine Pmﬁ‘/& a8 .

_ | (wte) ,
o fé’;b (o) dw = fﬁ:ﬁ %)(&a)o)dca)»—wo) =1 #1)
Jo Te)y=F L - (2705) I () (408)
Totd Breqy Tq = (’Lcw)d@ =1, (M%)[‘z%fgb(w) dew =T, (2T00)/z
(409)

Hj we wete in Y it ( Y=/27) , ~then

(V’ﬂo)z ’
o g FORTT

. R A sl D)

ST = L0 Jem ?bcﬂ)zf[,'exppfg@?)*] 4l

Vit s fI Wdv=I G o = To (2T0p) o (41=2)
LB =2om (412)
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Mote detatled considerwction Shows that o Toppler ~broadened glvedm@
line  cannot be S’rﬁcﬂg VQP@S@’F&i b)/ a pwe Gaussdn Pmﬁ“/e)
beanuse of the nodwmj Jraew dth Caused by finite I‘\]CC'IL‘.Me.

JLs

FroAN @) ¥

=
".)'=(Do+k'V o

v = (0 -mg)/k 0 Vg
Fig.3.8. Lorentzian profile centered at o = wo+k-v=wo(1+v/C) for molecules with
a definite velocity component vz

Nam() lm@widfi'\ hao O Lorentpian P\’b«ﬁ‘/c B each &)=tk o
%{l{u}; /2 qu -
(- )* + (V=)
This, +he spectal itensity distributon Tew) of the dored akseptien
= o emission ele ol yolecules af the Hanstion Ei—> Ee s

-the Cconvolwtion C’F%e’ Lort @"%'W\ Pﬁ’f‘\/e With the Gaussian

(414

o0 w/__ . 2
= ’L,(y/z‘ﬁ) Ne¢ fexp [-' —g—zé—/?-%—;] !
Vau (270D )77y (V) (ar5)




o (W)

T A&

Voigt

Doppler

Vz

: ;=g (1+V5/©)
Fig. 3.9. Voigt profile as a convolution of Lorentzian line shapes L{wg—w;) with w; =
wo(1+vy/c)

This Fn'fengﬂél Pl’b‘fdc/ which s @ convolution of Lorentpian and
Gounssian P{D%{es, is called a Veigt Profite.
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§¥5 TY‘(ZRSH” ’ﬁ‘me groade,n(;v

[Ohen the mteraction time @'F molecules ith Hhe yadiafon fre ld
1S Ymall comFamd Jith -the Sgpon‘faneous [ifetmes of exeted [g\;e,(S)
*tl'\e l{nem)n‘dﬁw @-F- Qa 'Dopplef -~ free molecwlay <trangrkon IS N0 /Ong&\f
\;mi’md by <the SFon'Ianeovvs frongition Probabilities but by the
+ime of ‘Fh‘gh't through <the laser beam, which defermines the
tntermction —time oF the wolecule with +he rodiatien fred .

“To dertve The line [Dmﬁ‘(a oused by the ot - fine, et
S  Considel™ an u,mbcwfed oscllator X = Xo careIt that oscillateS Wit
constost Oump\f-lude Xo durty the fime Wlervald T and then sudden Zy
S'}OFS oScc([aﬁa . Fem Fowrer transform

Atw)= TE—ZFF » CoR(rt) & e @)

“The Sw intensi T (@) = A*A | for |L) 10| <<, 42 ObTaM

Svn*[eeo~wa)T/21
(L)

= FwHM | §a, — é:ré (A1)

Futl width betieen the Zewo poivts on both Sdes of . Is

50)5 = 4’7‘7: = »Q:%é“ [447)

Tew)=p (417

This example s CWSPMJ/S' to an atom tat faverses « /W
oo with Yectangular intensity  profile.

In fea(!‘*‘f,a/a/wr beam MW% has @ Gaussian beamsxﬂj%:




Ta0
E=EC.e W oot (430)

Wheve ow gives the digmeter f&{j the Gaussian beam profile
QC.YOSS the Fo\‘n’ts wheve (= =Fo/e

_,rz/,,\/?- ) / bra
Substtute X= yE = o/ B € Womat inb k2. @), we obfain

2 W
Tew)="T, exp [— (W) 2]
A The FWHM for tumgit tome s
S = W@.m ~ 24 UM (422

SN OV = OLht o oy U/ (423)

(4z1)

27
oy - s e > Reenesg " to
T—v 2w v. Y‘educ,e 5))&;
() T=d/v ) J/ ]
Opﬁ‘ca,O (o0 [&7
I‘—‘417/7—4 ©

®

a) b}
Fig.3.19a,b. Transition probability #(w) of an atom traversing a laser beam (a) with
a rectangular intensity profile /{x); and (b) with a Gaussian intensity profile for the case
¥ < 1/T =wv/d. The intensity profile I(w) of an absorption line i3 proportional 0 P (w)

Now Consider the wave {‘roni's‘ @f the focused Gaussinn beam are
cwrved exeept o the focus (WAt an gtom  movey olorg. -the ychvection
Pe\rPendx‘culaf to the [ater pewm 2~ AXs eﬁﬂﬂénag Qa g}mh*aﬁ
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s _ 2V TwW 2 [nereessy R 4o reduce
S Jl= T\/zlnz [+ F/ZT) ]

Covveture influence

= 3@ [(+[My] (44)
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§76 . Collisinad Broodening and Shift of Spectral Lines

Collision — Coused Spectral |ine breadency and shift are gute
complicated problems. There ar m an‘n[y Hdo kinds of collsions .
inelastrc collisions and  elastic collisons. 77;e7/ have dvffexent
effects on [ine broodem‘ng and shoft .

(1) TInelastic Gollisions — ako called guend\rng, collisiong
(a) There 1S internal energy transferred partially o1 Completely
«me odom A to (ollision PaY‘*f'neT B.

Atom A probably gains or [oses Some kinefic energy +to
(ompenSate +the energy difference  betueen +ransferred energ y
and  state - Change needecl energy.
by The Mmelastic collisions —Bme atom A to [eave exciteel |

Stete and et to the gmu\pl state oy trans’e o anothey”
oxeited stefe WDithout rodiation , i.e., Yadietion less |

This shorterns The [fetine of atom A's excife skie
=> YesuMeg In more I/aneﬁ‘cu‘nh/ of the excited level
= bvoadeniq  <the [mey)idth of Yadiation

) —_
T =t e (122
'l:o'i’ap _ /}l:nd + ACoIl /4&5)
A'i"'“ﬂ ~ S+ Mo O T (47)

L\)}were /\/5 IS ‘the, numbey &/en.n'fy D7E 'H)e Collision Paﬂ‘ﬂer B, O; s
'the collision Cr1vss - Section, U is 't/)e mean Yelative Ve /a:/’fg/ L hicen

A ond B. Cpl/ = /VB N3 (4359
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couse %egmencét shift




Ta33

(2). Elaste Collisoms, ;. phase - ?efmb:] ond \}eloa‘/’&hc/zw%% collisions
0y <Theve is MO Ini@M energy ﬁms]%f between atom /4 and
pollision Pa,vﬁz,@fs B, So the collison wen't ghench . ;f‘ A
1< in on excited stale for Spertunesio emizsia , fur tho
cellision Peﬂwrbs the. 7>/\a4e 9-P A ’70 regardl, A ao an
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is resutfed. [T71s mamI\{ due 1o Obt‘-{)ffefwf chofts O]&
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Fig, 3.10. Illustration -of collisional line broadening explained with the potential curves of

the collision pair AB E/ as {7&( Ca //I.S'I'a n

A

P—T— t b —

Fig. 3.11a~c. Phase perturbation of an oscillator by collisions: (a) classical path approx-

imation of colliding particles; (b) frequency change of the oscillator” A(#) during the
collision; (c) resulting phase shift
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. Fig. 3.12. Shift and broadening of
e 3 Lorentzian line profile by colli-

sions
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- on o tiemsitien L —= 5
v /o \\i\\\ v -
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broadeniy ¢4S€
M The ‘waabf(t""% 0{ ahsoqfl‘?‘aﬂ oY emission 970 rodiation £
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Lecause In “the coordiate $lem 0{ +he mwu’% pteoms, 1his ﬁ?i
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Fig. 3.2L. Effe({t of velocity-changing collisions on the frequency shift of homogeneous
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597«8. La‘nemf and Mon [meax /}bsofphb/)
From E%(%‘?) and Eg 364y e know that the /‘n’fensfg/ decrease
dI o{ o wane With fn'tensn'—ry I Propaéiah? “/"”ﬁ the 2 dr'vection ’H’lfo%
ON b sorbeg gample is
dT=- Totdz =-1 O [N = %i*/\/z]dz? (446)

Ee o Sample
Whee of is the alosgqah*m oﬂeff(‘cfe,ni Caused l,?/ transton E¢— Fic
Q‘;K s the abSor}aﬁ‘on Cross—Section
Vo ad Ne are the populatins
?4‘ ondd G AE the d@gerwmcqc{ 'FW/W D]D £ ool B

(1) Lineax pbsorption .
AS (0/’3 as ‘ﬁ'te FOPM(&VNYW\ densities Ay and Nic OF 'ﬁ{e

and T are nol noﬁ‘cecds/y altered by the nteyaction

o E{,‘ o &' /e\)@,.s

two  [evels Eas
l,\)fﬂ\ '(j}»e\md‘\“ﬂ‘m —F‘etd (weak-—~ f)j/m/), we (an na;ani '/'})em
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_ ~Qze [MNi= s - :
T ez)= 1, @ O V@AaINTE — 7 & (qua)
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(2) Mon{near™ ab@qb’mm :
st lsger lensy 1, the density Wy of the fwer 9

F: can noticeably decrease Ohile the wrey siate numbex Aever
1 ai [pe

N increase (shonaav——ﬁ‘eu!)' This mawns that Mg (T) aud Ve T)

2t Runchons of T and theefore dT is 7
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Cess - gection O I8 St Inde])ewden’f’ o{'\ L bul™ Hhe aiﬁmpﬁbn
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N 2 Ez
PNy
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lustrate ‘/'/UZ V)om/t‘nw @bSm’Fﬁm 5\/ Q S“l‘mp/e QKQWLP’Q
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N ;:./\)l "{'/\}Z
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RZ = A'Z-[ '—"‘C'Z.] ) R, =Clz p
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is the [ght %oeed, we hewe

A/\}o A
A/\J = — AXNo
CR
df'/mfé fov-

where Tg = ¢-B/Bn I3 the Qaturzhon miensff;{ 2
the incidenct fatencity thal Jecreases AN 0 ANo/z
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o = Ui DN~ Lo T
- — R S
?t'?K ! ;U’ E/\//;‘”/\/K]:O"A/\}/
Je obmain the result that yith increasy incident intersity 7,

the absorpter coefficient
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P - S
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F&f‘ fvf)u latven

on the “Homsiten E. — E2 b?/ atems 1%
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Since -the abseorptton Coefficient Ol(0) of a homovqene@uz%/
\(;Y‘oadeneA line TS lorenigian, See o4, % G3), +the
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§9.10. Absorption and Dispersion for Doppler —Broadened Sfecha/ Lines
~The absorption and dlfS}zefS:bn Aiscrssed Fre\/»b«s%/ under natwal
lnewidth are for ators at rest. In realitd, atems undergo
Yondem thexnal motion (én Ghseons meafum)) hewicy Dopplex™
)pfoaden;j in QFec‘ITZI,O [rnes. T}mS, We must make copections
o the eguations of absorption and dispersien,
Recall the ﬂefmch‘on index N is 3H/en 1>>/
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NofTTF =14 ¥ = (2= G

A}L\@{e %z/\/ﬂ(e) E}éb'g A rs +the ﬁ?;ﬁ%ygme pf yumbey™ o/ensfv‘fej
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