
Io Éorre.ases, mr,(ialh lor îorl.id,ten r.aùsi1ions. 1ì,. biAbcr ord.r rcrm
reeJs ro l)è in.lLde,l. \1F wjll firsr address tlè prÒbl-.nì dsuìrirg -rir!ììÌa Il.ne
Fave slates for ihe el€.tr.dc nnp€.tùrbed ìÌoÙlen. Late! $e {iìl discùss tLe
effÈtl .lBlÒ.h.eùral i:.1Ì llar$ où lÌrc pLòr.! Èrrjssnù rtrd al,ÉÒrlìtnr' Tlk:
.eùtraÌ  cÈi l  ien"s f la l  n.rrcral  r , lÈ in oÌ t ' . i  iù l , . ract ións ìn sèr" i .órJù. !F-
and, aD.ng other t | i rgs.  detenr inè t [ r  seìè. i iór  ru l€.

TLè lirsi DrLler tjns del,cnd.nl t,ertùrbat,on tl,srrJ gives ùs ll,e lraÍ'sitior
ral,.s &on lLc i,,iiiaÌeÌ..l.orì s(ale i) (o tlìe lìnalsta(c l, bJ rl,c eoldcb rùle

5i . l l H.!l'jLi715. lN'I-LiL{a ilor\5 alf I,gOîCr\s ll ll? 5f,11/

tr '  = Il,. t.

11ù= ! f t l { / r ;  l , '  t i .o,  u,+n,) ( r r  39)

(r5.90)

ivhcre r  is  t l , .  p l ,oton oc.ùnàl ion aDd,r lÀ!)G the Dhùion deNir l  o lstates for
a ll diu.lsioftl \oluùÉ ofspace is girÈn br

(15.,q l  )

r=.r l .= l .

Th. vcclor !.l.nlial is lLer Eire! Irom EqnatioD 15.13 b,\'

""=*_

- 
2rlr't ?G) .L

rîhere tl'c ùliper sigf is nr ln,ot,,r al,sort)lion ard tì,e ìower oh{: ìs lor er"issior
ìr1t tlr scaiîcrirg ralc ro Ia!. phJsicrlsignincan.?. $e m.cd 

',o 
dcfinc lìrc lìtral

stale asla!ìùgeitLer asprcad iD tì,e eÌe.trÒric stat4 .! aspread iù the plrotùÌìc

Lì ràse Òf dbsÒrption pro.css, lhe f nal .l.ct.fonic stat€s l,ara r strèarl gi\èn
l,y l:LÈ ..tr.c!i of lÌre {lensi(y of slates. tìr €nissiotr of photo6, rhe spread is
ìr thè rl,ùlon sfectrà. lf $c àssurup tùaì th. pholons Àrc spr"À,1 .vq a .aogc of
IrequetrcJ Ìrìti \ridtlr rld, re.nn Nrite tl,è tli!tri dèhsitJ d

( l ' .9: l

Er|resing the nnal state densitJ of state-. nr tèùrs.ft[.1.ù ,lènsif! ot
states Íe lheù get tlre al)sÒli,tnrr r è, afler strlìsiiluring tor 1/ aùd A0 h the

r',,.,, = '";;"j,", / oi, "w{;,", 
.,) r" ,,,r r,]' (15.93)

l j . .1 LrrLral- ,  r . .  r f ía l roì f \ " \ -TI  , I i I i r

vJi . ,e rÀ and u&'  repreÉni l i r .  iùr ià ld, , l  l ìùaÌs i r r . ' r . f  th '  ,L.r / ' , ,  aùl  I  r
is  lhc ! l ' .nnì  sarevecto. .  p.  is i l ìcmcnFthiùrpPrnnrr in lh. , l i r r l i , î  ' i  l f
re.ror -4 $e trole t [ar  ihr  t loton i iúeùsi i r  ] ld l  f . r  ùrLrt  r Ì4úen.r  ùnèIrd Ls

r\ . )  = t  h '1- ì t ( ' ) ,

,.r iInt ihe absorptiotr rale cèo rls. be Nritten as

, . . . / , . r  /
' l /  *  

*P'r '  i iÙd Àr-

h a sitr'ilaf ù'a.rer. ihe emission r?tc is giveù by

,,.. = ttl4a 
]/ ";, 

.rr(',rph r) p,, ,,,À ,r3. ( i i  e6)

Thc lraùsitnrn.atès can Lre srifreD il ld'.c oflinal stàie cÌecrron {i.tr6iiy
oistat .s ù(r / )  i lNtead orphl lonic d.nsi t l  ùrstates P(,) ,  s iv iùs ihc 1.ùFir iÒn

. 4n1P1h |  ,2
,  h,  

t .  ] ,1 , . )  f i i ' i )

,\'(lij) is tl,è Èdsd,l dùr.sily ol slates .nrce the lransiiion .n.rgy is gorenL. bJ
([ph - 0 makiné i.lì,] tr.nsitìoDs "rerricaÌ')

-  í , ] : .  |  |  t \
""  = ,  \^ : ' .n)

( r5.rr.\)

'lhe qnariiry 1,r is tlre monetrlLùn malrix flÈntèùt ìretsÈen lh,r ililrîl ar,l fìtrrl
s|lle!. A sinìilar tern for .rrìssnn, Df photoùs can b. sltrlen

h lhc ertftssiÒns deriv€d abo!.. lh. drission àrd àbsorpiin llL.ory ùe
botb r!,rrÒftión to r, the pholo. o.cùtìrti.n. Tlris result ìs nìodilìrl lLnd' a
p.oper quaùrum tl,e.ry f.ù the pÈriuÌhar.ion lhitrl is trse,l ,\s in thÈ ctus. of
pLùnÒùs, the general approÀcL.coes ùr f.llÒ\-s:

Pcrturbatiotr èA r/ùÍ

QuanlilàtiÒn .f EM fiÉld I - 'l 
+ o

rl = ceation onnral,. n,r lhotons
d = destru,iOn operator of Nholon

f in ission n,atr i*  è l ,a.èut ( ' ,  + l l4 i l " ) -  ("  + L)r / r
Lbsorption malrit è|.ùtenr (r I d n) rr/r .

\1ritL lhis èpp.oach Ne scl lhc ftnlowiùg rates Briil,"n iù t.mN ot eilher

tìroton or el€ctron lìúalstate density olsiates. The main,liltcrcn.e is tlirt as with

rilìÒnón emisiotr. rhe pn,ission !ìrocès lÉs a ra.toÌ (ì + ll inrca(l of r' Tnus,

( Ì r ,1.1)

(Lr. !5)
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.aD ùe eùìirreJ lspù,raùèous etriFsiaD) Èver ir tl're ;r3 nn FLor'm

FilaÌpÌìoton d.rsitt of r,ùt€

lr : . r l i  I
- - i r  n 1 ' I  t \ t r l

-  tù\r t  
l  r r  d l i ' l  Anql

2"th."

&
FiraÌ.1è.tr.n ,lÈùsiry of staies

(1,  0,o)

( l r  r00)

'lh. el{imnrt dtrsirl of slalcs depenls Ùpon rb' Ùrarrrial batrdslrÙrtùrc rtr'l

diù.nsntrdiiy, as ùe have Jiscussen serèral l'"rì6

Ii nra! -.eem ùoù' the dis.r$ions nlrore lìrai ihc aÙsorPtion or emLtt'on

bies..ùLl be vcfy dif.réùi del"nJiùg nror slellrfr thè !'hoton or de'tron

dcns iJ olslat6 Àre us.,l 1[5. tÌùr densilies aF oÙriouslj rerj diiliretri lealting

1 o ver; ,lifiren{ r'r 6 Ho{'evù. as -dnNn ìù figùre l5 i iherc is ro i nc'nsistèùcr

lrelN.eù lhese hto ral,cs. In èscaitÈring pnrfès involvÙg el" trÚns nn{l Dhotons-

wè nrav Le iùt.r.sle'l iI thc trarsiìi.n rate !leitlìer a laficulÎ pholon Ùr n

prticùlar .le.trotric srrte lor ÈuDpl. irr discùstiig alìstrl'jtion (rflirÈnt v

are i"l.fÉst.,l i. tl'i .at" 
"i 

NIi.h Il,lo,s àL ù pÀr1ì'Ùln' encrgr nre al'sorbed

\1e do ù.i c^r. Nhich.ir.tronic laies ar. ir!.lve'l in ihe èl'sorprior procN

Tlìùs. *- ir'[èSraLe úrer ilr elecironi. drnsitv ofstaies On tlrc othÈr hanrl in

enr.l.r 1toce."'s rve to,rI". où ìhc rriÈ Ài Nìri.h nn el'rciron ìI a Aiven slarÈ iD lhe

ùìduriior 1,nhd r.<rùbnree Nii! a holc Iìr this'aqe, se do rot'are úonl' lli'

ùar l ic , ' lú nalùr.  ó l  thc l )hÒiÒn eui l tèd aDd. therelor '  i ì iegrarè 
'Fr 

lLe I inaÌ

;h.ior ,hùsiir ol staies Of.ou6e, iliis is (h. ùsull N.r- of delìniùg aLrsorlnioD

ari enission prorcr. Oìe is l,,rfecllJ tr.c to ùse ÀÌltnìàtc rl6'ripLidrs tiÙ[ onc

!as nr Le carct!l to cotLlà.e llcse raies sirl' Frìr.rirùeùial r*Ùltr'

15,6 SELECTION RULES FOR OPTICAL PROCESSES

A nùint{ ot seleciiÙ, rules $l,i.lt det'rnìirè $hcrl'er or not ele'lr"! pholoù

iùtera.ll.ùs $iìl take ptde can Ùc r!úived b! rsitg sirniriè sJnnnÈlrI arqnru{ts

lli NiÌl .Àar',ire rINr rleclid, rùl.s Ì,! examirirìÉ the nrari\ el'Ùurt

( r : i .  r  0 L)

it.6. stltc'?ia)N Àl.Iils foa oPTII:'ll PltllcFSltlrs 5i t

ELÉCTRON PHOTOI.I SYSl'ÉIVl

_!u ot'l = jtr,t't. ( r r  102)

'tL,r rrrrì ,lel)-rìdÈùce of iìrc irirìrl aùJ tinaÌ siates catr Dr sniien N

(151orJ)

(Ú.r0J)

AJ'f 'ROACHES ARE LNK9I)

BY P([o) ANDNlE)

Ficu.e It i: Fnìal srrl.s used ù rìft.rirg raics in tl,e Feroi g"l,len rùlc

Nl'ere p . is rllc r nn Lenlu nì .omF ùn.rl al,',g lhe polàrizaLioo dj u lion ]lÌ nÒsi
prcblensl l 'erele\aùtdineosì, ,nsofUreiùteg.ài ion^resùclr tht iexP(tqt)can
ùe talien s è fonstant (= ùnitJ) itr ile integral 'rhis approrÌrtrntiLt is called

tlre dir.l,Ì.pp.oximation. We can srilè

1l|)  = l (D)). . r ' ' lÀ


