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l. Introductlon 

In recent years, much lnterest has been paid to tha Jaynes­

-Cummings mod~7 exactly solvable in the rotati~g wave ~pprO~1mation 

(RWA) (J-C) / of a two-level atom linearly lnteractlng vnth a 
single mode of the quantized-fiéld radiation /2-5/ • A distinotiva, 
from a physical polnt of view, feature of the J-C model is ~~ infi­
nita sequence of quantum oollapses and revivals of Rabi oscillations 
revealed by Eberly et aI ./2,3/ and Knight and Radmore /4/ • There 

have been considered various possible generalizations of the J_~ 

modelo In particular, Buck and Sukumar /6-9/ have found an exact 
solution to the equations of motion for an atom1c sy,stem w1th an 
interaction nonlinear in b050nic var1ables. S1ngh 75/ has studied 
photon stat1st1cal properties of such nonlinear systems. EXact wave 
functions and energy leveIs have been found for var10us J-C type

/10/ ~ systems nonlinear both in bosonic and sp1n var1ables • -nere 
also should be mentioned a reoent series of papers by Agarwal and 
Puri /11-12/ devoted to the generalization of the J-C model to 

include the effect of cavity damping. ~l of these rather simple 
models describe, however, the essential physics of radiation ­
matter ihteraction. Apart from the above-mentioned vacuum-field 
Rabi oscillations, these models are capable to describe such very 
interest1ng phenomena now intensively studied theoretically and 
experimentally as photon antibunching /13-14/ and squeezing/14-15/. 

Another form of the genera11zation of the J_C model deals w1th 
add1ng other leveIs leading, 1n particular, to the appearance of 
new branches of the Rabi freq~ency compar1ng to the standard two­

/16/-leveI J-C modelo Li and Bei have extended the J-C model to 
the case of a three-level atom 1nteracting with a two-model rad1at1on 
field. Mult1photon trans1t1ons 1n such a systemhave been cODsidered, 
as well /17/ • Very recently, photon ant1bunch1ng /18/ and squeez1ng 
/19/ effects have been revealed in a three-level system. There are 
two possible ways to generalize the J_C model to N-level systems: 
cons1der1ng an N-level atom 1nteract1ng with a) N-l modes or b) s1ngle 
mode of the radiat10n f1eld. Both the oases are exactly soluble due 
to the existence of oonserved "charges". In particular, the mean 
photon numbers and aTerage values of the atomic leveI occupations 
~ave been studied by means of the operator equations of motion for 
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an N-level atom, tbe Nt h level of which i8 coupled with the rest 
of lower levels by N-l modes of the radiation field /20/ • There 
have also been considered mu~tiphoton trans1tions 1n such a system/ 21/. 

In the present paper, I would like to consider an N-level atom 
immersed 1n a lossless cavity and 1nteracting with a single field 
mode in a nonlinear way. Owing to the charge conservation, tbe 
state space of a system can be decomposed into a direct SUffi of finite­
-dimensional subspaces corresponding to feasible values of the cons~ 

tànt of motion. An eigenstatevector of a system parametrized by 
possible values of this constant is determined as an expansion over 
the bas1s of an appropriate finite-dimensional subspace, with the 
expansion coefficients being defined from °the 'Schrõdinger equation 
that is reduced on every subspace to a finite system of algebraic 
equat1ons. 

In sec.2 a multiboson variant of the N-level single-mode J_C 
model is formulated; the structure of state space 1s thoroughly 
analysed, exact waYe functions and energy levels of a system are 
found, and completeness of the obtained system of eigenfunctions i5 
discussed. Sec.J is devoted to the discussion of the antibunching 
and squeezing effects in the considered modelo In sec.4 general 
expressions for the average atomic level occupations are found. 

2. 1~e single-model nonlinear N-level J_C problem 

The Hamiltonian for an N-level single-mode system in RWA 15 

N N-~ ~ 
1-\0 _\ D n.t ~ r Jj ' + V.i '\ 
~ .?- ~á~ ~~ \ ~t\vCV "\- L ~i "-- (l «'~i T l),; Q.1~ ) , (1) 

J=~ i~~ 

The ~'\~":: \'\>Zà\ are the trans1tion ~t\\-r) -projection \. \:-SJ 
operators and also the generators of the Strlw') group with the 
commutation relations: 

~~-\~ )R\:t1:: o i~t ~ 1\( - R.V-\) ,Q, 

\i) and Çlj ,j = 1,2, ••• , N are the e1genstates and eigen­
values of an N-level atom. c and ~.) :>'j and LV are the 
oreat1nn and annihilat10n operators, the coupling constant and 
freq1ency of the f1eld mode, respeot1vely. Note that 

~ ~1 ~ l :: \ ) \" e, v... 1 ~ \- o-..\- ~'" ~ =1;}.L ) '\.) \.. .., \,. ~ 

Àcoording to (1) the Nth level is ooupled w1th any other jth level 
by \)~ -photon dipole trans1t1ons ( ")~ ') O are integer, ~ s J~ tJ - ~ ), 
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;;.. 

whereas the mutual transitions between the remaining N_l levels are 
forbidden. Note that (1) at N=2 and ~ =1 reduces to a standard
 

. /1 22 23/
J_C problem whose exact solut1on lS known since 196J ' , 

2.1. The struoture of state space 

The state space of system (1) is generated by the basis

t\~ ':. '> '" \?'> \vY'v>') f ~ o ) ~ s M-- ~ IJ } , 

where ~ c\-. l\l) z: ?'P) 
i\~ \\1.'\',>:: ~ i"" \ M,) • Conservation of the charge o f a system

M=- ·~w - L ~~ 'Z~) t~.J ~~-:.O limits the range of variation of 

numbers ~ and.~ by the condition "\= 'p-~;,..l~ - ~WvN)' 
where M Ls an e1genvalue of the operator M • In this way, the 
state space can be represented by ~ (f) 'JtM • where every subspace 
~" corresponding to a certa1n value of the charge K is 

generated by the bas1s 

\\ ~~):: \~t~rwl~-)wlJ» \'IW) ~ M+l~ ~\ -ç"'" N) ~ O\ . 

The oharge e1genvalues take the values 

tv\"=-M-w=- Yv-~) 'No;. 0)'\,2" .. 

Here and in what· follows 'M-o..-:LJ'f'l- 'E ~ 
'(IV 

. As a result, the basis of the subspace ~;l'\ may be rewr1tten 1n 
the following form 

! \ <yM::"'-") ) :::\w-1 ~)'rwvl-\-<Ç",,~»\Wv> ',vv E...~ 1 
\.. w ) J (2) 

crI\; ~ \ ""'h1 , )Nln.l""\"'-~'/""~\-\""N) ~O, Vv 10 1· 
The ~tate vector \~~>'obeY1ng the Schrod1nger equation 

(J)~\~") ~ t\~~)· 

W1th Hami l t on1an (i) and oorrespond1ng to the oharge eigenvalue ~ 
oan be represented by the follow1ng expans10n over the ba81s (2) 
of the subspace ~o~ : 

3 



(4)\yM: ~-~ > ~ \'\f~ ') :: L. ~lW \ ~: >. 
yY'\,€ ~lv 

2.2. Ene r gy levels and eigenfunctions 

Inserting (4) into the Schrodinger equation (J) and introducing 
. /21/the de t unang parameter 

11 = Q. - Q + l0J. j:;; ~12.""1 1'1-1. (5)
J N d 

we obtain the following solutions: 

For ~'1 1 ~_\ 

\'\Í~) >: Ut ~-\ t d: y~ l L qj \",-l t ~j>l~> t 'lJ: \...-l>\ ~ » 
r- \ <j J (6) 

~, ­
4t~ = QtJ t LVl~-~) + Àt dt. (7) 

where 
~-~ ~ 

1~ ~ - ~ ~ ~~~~yt Q~_~ ) Q~-\: L ~j 
~7- .\ 

1. \ 

~~:: )àl rv - ~ t ~j) ~ / C~ -~ ') ~ 
Besides, for \V ') \) N-2 eigenfunctions 

K- " 
~, -\ (- '\ . ~ J 

\'\'"", I: i'<:. ~ L ~J\'V-Vt'Vi>\;;> T J-L,,\l..-~t)">\"Y8) 
i=,\ ~~K~ tJ-i 

correspond to eigenvalue 

t ~ º- ~ tul "--~ +~~) ::: ", 21-1-\ ;- wl \\'-"0 t 'Vtl -,\) ~ 
~vv \ 

(9) 

4 

where 

2. (l
Jf~ ~~ ).Á.J K :: .Q~-, / ~< .
 

~=
 
It should be mentioned that the (N-2)-fold degeneration of the 
leveI ~~ is due to (N-2)- supplementary con~itions (5) imposed 

on the system. 
For O ( hJ ( ~ the eigenfunctions 

..... 

\~~) ) ~ \ w - ~ t v~ ") \'M/ ';> , (10) 

where hV runs over the set t \ 1" ' ) N -'\ 1fll tr-- \ Vv - ~"'< ;)m ~ O} 
correspond to the e1genva1ue 

G-n, -= tu~Yv -~ ~ u",- ') -T Q."" (11) 

For,mulae (6)-(11) at N=2, J =1 go over into well-known results 
of the standard two-level J_C mo deI /1,22,2J/ , wh,reas at ~)O 
we arrive at the results of paper 10/. At' N=J, 

v~ = v~ ~ { formulae (6)-(11) reduce to author's previous results 
lU/ 

2.J. Completeness of the system of e1genfunctions 

Let us verify the completeness of the orthonormalized system of 
functions (6), (8),(10). Composing of these functions the operator

L \"ti.><''ti \ we get the N -,.. N matrix 

G.- I-\ Cl''L", Q"'N ) 
()...1.\ C\.u.... , Ql.~ 

( 11(\,."11 o...t.íl.. ", I)."IJ.,J ~ 

"here,forinstance, Ov"-l~=-L\\ov>(\\"\\ ~t! 1. + d-" .t 
o L '\Il-\t~t u.w-,+';\-i 

Due to the relation d! ':: - i ~ ~l~1~1 t Q"-l the expression in the 

brac es ls equal to unl ty and , consequently, lt\.i\o i: i . One can 

easlly verify also that \X. \.,li -== Q;\.'" z: C) \' = ~l:t ) tJ - i 
J l'~ lJ.), I 

Further, we have Cl("K = QK.. t G.....) ~ ~ k ~ ij -1.1 
\)..\ ,)t<.. ~,,--1 

where the operator c.' == L. \\}.... i.) ( 0 -.:. - -i.. \ ~ .I: l~\.)(~\ ls 
91::.. 1 C ~) 

constructed fro~ the functions belonging to system (10); and G~
 
from the appropriate functlons belonglng to systerns (6) and (8):
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00 s ~ /J-~ti' e., ~ 
~K > \"- t ') »< 'l\ -\-VI( \ \ ~k T -\ 3~L J(.t 1:: 

O qll-~ Q\c.. 
'\.\.='IC-t"1 

~.~ ~ 

~: a., " ­)" ''')(11,1 \ t0...",., ;- QK ~K L l-.1 
tvy~ ... \1.\0' ~Loi; "t~ 

Tak1ng 1nto account the relat10nship 

W-I 

[. n.

.t 
~ ~t -:: i ~ K. ~ N- ~ 

QN" l' \:t,., Q.\ Q~ 
'\..-:K-\~ 

that can be easily proved by induction, we obta1n 

n Q,K" 
3­

(L. 
-+ ~~ t [ \\v>(~q~~ = L \~>(~\ t 

(lI(
II.)/~~ 1t,)"U1:. 

and finally 

L \1-\) <- ___ \ t \ w) (, ~\ -= i ­tltK ':: L 
h..<~v... \V~ 'K 

Analogously, it 1s easy to see that 

~(ll(\ :. o) k ~ ~ , k. ) 1. =- ') '2. \ _. \ N-1...· 

J. Antibunch1ng and squeezing effects 

Here we apply the above results to d1scuss the photon anti ­
bunch1ng and squeez1ng effects in the cons1dered modelo Both the 
photon ant1bunch1ng and squeezing are aspects of the quantum nature of 
11ght; the forme~ be1ng a part1cle effect and the latter, a wave one. 
These un1que propert1es are related to the decrease of quantum 
fluctuat10ns 1n the photon number and phase below those of coherent 
11ght. The photon ant1bunching 1s oharadter1sed by a nonolass1cal 
state of the f1eld in which the var1ance of the number of photons 
1a less than the mean number of photons, 1.e. the photons exhibit 
sub-Po1sson1an s t at í.s t í.cs , • 

'Let us 1ntroduce the nonnally ordered var1ance Vlt..) of the 

6 
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photon number in an arb1trary state: 

t- i. 
V(t) ~ <~l~» - <WLb)1 - <\'v Lt:} '> . (12) 

where l- ~1t.t t -l1"lt
\1" lt)::. ~Ov (i.) ~ e.. C\: (o) lllo) e. 

The quantity (12) 1s proportional to the excess of co1nc1dences 
1n oounting rates measured in the Hanburry Brown and Twiss-type 
experiment /25,26/ • The s1gn (+) or (-) of V(t) shows that the 

photon statistics of the field is super- or sub-Poissonian an~ 

1nd1cates whether the photon bunching or antibunching oocurs 27-28/, 
respect1vely. Usually, to exam1ne the number and.phase-dependent 
f1eld fluctuat1o~s in the J-C - ~ype models, the radiatlon field 
1s 1n1tially assumed to be in a coherent state tnteracting with an 
1n'1t1ally exc1ted atom. Very; recently, Knight 115/ has considered 
the two-ievel J-C model for an atom interacting at t-O not w1th a 
coherent state but with a vacuum field, provided the atom 1s exo1ted 
to a coherent superpos1t1on of upper and lower states. To genera11ze 
Kn1ght's prodedure to an N-level J_C model, we assume 

I\J 

\'flt=:o»=-\~>::. LCj\J>\O>' (13) 

:L 1" ~ 
where L. \G.i \ -::: i , \ G> is a field-vacuum state and \ ~ > 
1s one of the pure atom1c states. 

Let us put Ís> O for s1mp11ci ty and assume a180 that a11 ")i)O 
j= 1,2, ••• , N_l. '.rhen us1ng the complete set of functions (6),(8), 
(10) one cano easily obtain the state vector at t ) O 

-i1{, t "\""" (-\-) G-) - d, "f,G-)

\'fJ(t)::: e \q»:: L !'Yrv>(~wlq:» e.
 W 

"'~~ 
. 't(/C:-' N-i ~'1

\ l-1 \:-) _l (y ~ "; \'-V~l ,\,~1 _~tt(w) 
t L IYVv <. v, \cp> e. t L ~=o \'v><'fwl<P>~) >v 

ti\, " 1III~J 

-itQ., ~ ~\J, 
tJ~ 

(14 )
:: C t(-i, )>i~t~SN_\ L ~j[l ~j)\\ \~i ><Jj \ -t
 

~S~H j~~
 
tJ-'1 

b 
-~tQ.hV 

~ s.. t'l1 t~s..., \0> t N 1 t t..~ e 1 o> \h\-). 
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... 

where s., s t and s for Q~-I I _ ;: ~ Â'~(V')! has recently become a subject of intense stud1es. As for anti ­
"" -a il J'''"" J J l1tt· t bunching, the light field 1n a'squeezed state has no class1cal

The average value of	 a time-dependent functíon ~ c. c..n!A.,:) :: e. ~ Q. 11t 
counterpart. Strictly speaking, squeezing 1s character1zed by a

1s then 
f1eId state 1n which	 the variance of one Df two noncommut1ng 

(0..>\ \tlo.."Ov)\~> ~ (\Vl-l-)\\l~~)\'Vt-l-» II observables 1s less than half the absolute value of the1r commuta­
~ tor /15,:9-~J/ ). We	 define the Hermitian field operators ~t and Q~

(15) r. 
through 15W··'\	 1'1

~ '- ­
'=- \4J\ ~~'- t ~ b~.\ 

1SN-\ ~ Â~ ~l.~ {l~t)	 j C\. ~::: \ l ~ "c.:: ) and II ~:: ~ l a, - ~ ) 
1.:: 1	 t Z l t 

~. so that ll).,-I t\, J ::. i..l~ and the variances t~Q·~) ~ <Ct.i) - <. (l.(>where 1t 15 assumed that ~\.r(=O)::O W1th the heíp of (15) 
1 = 1,2 satisfy the incertainty relat10n 

we have 
N -~	 l. ~2. '- _ ~ ... - \" J. 3­

vl'\i) :: tt.0 ~ t~SN'\ L Ã, \V vi lCtJ\ ~w tJ SIl-, (tl ~\) \llu"t) ~ ''I {-i b .
 
Stl-.. \=..
 ~-\ (16)	 t 

The field Ls squeezed if III tÀ.i.) < -1/9 for either i -;. 1 or 2 • 
.... \ With the aid of the state-vector (14) it is easy to obtain:lo:L -•H z 

>( \" ,,~~,I~- -I \t .. \ ~w \:.H'IH \.	 :>'i ~i. ~ JL
1

I' l s.. ~\ LL \.	 <n:Ct):: (~l\;.) \ ~lo) \ 'tll+-}>'\.: ..i=" (19) 
For ') i -; ;) O t.:: -\ I ~ I • ") N - '\ SH-\ ~I " x. 

~ 
andI	 . L \. 

~-" 
formula (16) goes over 1nto	 ~t~S:-\ ~ - \'t~10 \

::: L c, C.~ ~~ IG	 À'L ec., r ') f>Ú 
~ .5w-\ . 'J.J :I., ""7" J'\ "',;1.,-1 (17)	 'I. ='\V (t) = V\ LlJ \ A(v"" t ~ SW'I l V - ~ - '0 \CIJ \ ~ t JSt-l-I ~. 

provided that as before ~:: () and alI ~. >O • Relat10n (19) 
1eads to J

Th1s 1mplies that the 11ght f1eld generated from the 1n1t1al vacuum
 
by ~n atom1c-field 1nteraction has sub-Po1sson1an photon stat1stics, 

IJ-\


<0.,1 Cc) ). =- 1. ~wt~s;;--\ \ ~ ( I •. 'ltlA) ~>t ~i+,w)
and, hence exh1b1ts the photon ant1bunch1ng for alI t1mes t sat1s­	 ClJ-;;- / '>.i. \\.,-t \..5·

=kNt , Q. - Q..~I;..'\ ~ 
N ~.Hfy1ng the cond1t10n	 _ 

\-:.\ 
1. .t _ 

~ - ~ , 
blH	 lJ-\\ c, \ ""'\v t ~ '> 

(18)	 
. _V	 

""'wt~S~_\ \ '" (* ,tLC *" -'-t W)(Ov Lt)) =­
1 l. ~~ _I ~ >. { õ~ i , i \. C'" t.i Q t l ti \', i e.. . 

It should be stressed that formula (17) reveals an ~teresting ~ ­
\::-\ 

dependence of ant1bunch1ng phenomena. Namely, for a.ny \) >O there 
ex1sts a sequence of such time 1ntervals, that on eacb of them Tak1ng into account the re1ations 
ant1bunch1ng occu r s , As \> increases, 1.e. the total number of t 

~ ~ ~ ~ ~ f ~ (l..) t.
em1tted (absorbed) photons per an atom grows, the length of each	 Z. llv\> =- ; T ~ <, ;. <. Ov) -t \ <.. D! >.i 
of these 1nf ervals de cr ease s s ' and the effect	 t ~ ~ ~l'	 ~ ~ /~~> ­asymptot1cally disappears • .1bere 1s also a simple N-depen-	 ( (l~ '> ::: - t ~" ~"o...> - - (oS > 
-, -, ~ ~. ~ ~ 

deace of antibunching through the Rabi frequency ~ S~'\ ; ~ . t ~ ~J-I .t 
(((Q) =: lc. N \ ~ tJ ~'I ~ '1.. [\).•\\ ~l

Another nonclass1cal effect , the so-called squeezing effect,	 L "t \ li' l."	 $~H 1 
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we have for the variances 

~-I"L te \.L t ~'1 J" 
(lI.QI J:::" ~ -t . ':StI'II("W tJ5tJ _, L Xi. ~l~ ~~ -\ t~l\,t,j~.\ L >,. \"(J )< 

~_, L Yi)~·1 
\:.\ 

*' litw i -1\t,W) . 1-, ~ (20)
( (\-4 t:l e.. LI-J\.i. e + "MvbJStJ" " 

~ S~_I 

tr Z. 
~ r '/.;,t~ . - . tv' I'I:

ÀLO~;I\\.CJe.Le.. - t.Nc..i.~L ).\ 

t"'" '1 

l M-~ri \' J.. L ~ 1 
\6. D- t) '=- ~ t \~tJs~_\ ~ LJslI .\ L "i .''J~! ~l
 

'\
 

- 1-1-\ 
~ "MvtJG~-I \ ~ (i: 't~ tw * -?,;tt0 

~ J s L ').~ ~i 19.- \. c... e. t ~ -- LtJ c. ~ )
t-I--\ ,,, '\ 

i. - ~ ~-\ ;?, 
\\.-\\1 t~ f>t<-I [ \' ('l:: ,tw >K - ~'bW)~ 

" (l À;. o~ i. ) ~ \. c, e. \. e. -t c tl C- 1 e. ( )
"1 vt.a -\ 21 

\-=.-\ 

As a consequence of relations (20)-(21) there i5 no squeezing if al1
'\)1 lr J. The s queez í.ng migh t occur provided at least one of 0i 

belongs to the se t {1,2 } . 
Let us put for instance 

'~. :o 1 J' = l 'J.. - N - 1 >., = ~.l.:: = À N - 1 ::)...J I 'I' 
then (20), (21) go over into 

2
 
(,\ !.. \C- w \~ . ~ - ­

t 

+ ",,~ txr~~ l~\(~ ",tu.} i: -'J(22)\l\l\l ~ 4 t ~ """,-t~~w-~ 
~ ~W~ ,\ ~~ -\.t ~ ~ - <:'1. t~ e ) ~ 

'J \:\ 

lO 

i 
i 

t 1 _ 'l. ~ ~ 
~ ~. l~ll.;.f o i ~ -'f..w L-)..~N-\ ~l. t,).J~ r~ (r ~ ··I.t~ ~ t-t~)J 

~ t ?" l\l~-") l1-0tJ~1. e. 4- c. ... c... {:, .(23) 
,­

r~' .; 'f 

i
Not that for N=2 and c.,~:= U)~ d/'J..} ti =- ~ \~\" '0/~ , formulae 
(22),(23) reduce to the appropriate results of paper 115/ 

For 

::(\_yJ..\"\.t."\0-1 -= \") o ~ 'r t ~ ) l\~ t.~ =-, .. ~ t.w-~ (24)
·1 \ N - 'Í ) 

lo 
1. 'l. - \ ~ Z. 1. \.I -t Y. ~IoV >.t.JtJ._~ "i - l 11,- r ) ~.,- L·~t r (25)~ttCt~ ~ ~ 

t. 

and \~o..:) is squeezed for all times satisfying the relation 

.t ~ 
~vu.;l '> l" -\'V"l-J\dN i- o . 

2~1-r1...) 
In the case 

~i = z, J: "12.\· .. , N-'1 ) ';\ \ :. À L :: .• " À .,_\ =} x . 

taking into account (24) it is easy to obtain 

.1. 1..t .~~
 
~~ ll~:: ~ -t \" ~\V >. tJi.t~-~)' - Jr\.\.L-.\:~~l~-~) r \\_r,2--) ~\1 'y\,~ ),wt
 (26 ) 

t 
and \~ll~lis squeezed for all times satisfying the relation 

• 1. '\\~. 
~\A.;IJ),Jl- >< (tj{_Y'1-) . ,",~"..\t!iLFH) i rJ\t,~J.tJllN-") '>< O. 

i 
I Squeezing considered above is due to the initially excited atomic

/ / . 
coherent state 15 • T~ere is a number of papers dealing with 
tbat type of squeezing 34-35/ , includin, the models where many 
atoms coherently interact with the field J6-J8/ • It is interesting 
to note that like in the antibunching formula (17), the only 
N-dependence of squeezing in (25) and (26) is through the Rabi'!ti frequencies. That Se6m3 to be a general feature of single~ode 

J -C type mod el s. 
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4. The aVerage atomic leveI occu~at1ons 

Here we apply the results of sec.2 to find tha N-dependence of the 
mean atomlc leveI occupations for system (1). To slmpllfy the ca1­
culatlons, we put 

(27) 
:Jol -:;}.'J-:: •.• ~ J.... '" -= À 7 J\ -e, ~l. ':. •.• " )"1-1 '~1., /)." O· 

The wave funct10ns and energy levels (6)-(11) go over lnto 

for n ) 1 I'I_~ 

\'t'~ '> ~(L. \Vv)\à> ±.'\fIT\Yv-")P.J>\ (28)co 
~illN~---\~\) .	 ) 

'I .r." 
\tl 

D '1 W\'u ·t	 ).~Vv\tlI-,,)t\"v	 (29) 

-1/1. "--'\ \~~}> lK~K-<\)J (- L \vv) \ j'> -\- (IC.--\) \ "'--) \ K> ) 
(JO)

S,,'\ 

~~ 
~. -= :2 + Wt\- Z ~ t ~ N-;j Cu)rV 

for n=:O 

(32)~~J~~-"\ 
\ ~~~ G ) =	 \ o,> \ ,) 

(\1 _ Q (JJ). 
"1-)'1.::0 -	 . Q =- QtJ-W. 

Let us assume that at an in1tial moment t = O the atam 13 on a leveI 
( j s l , 2, ••• N ) ard the field ls in a coherent state \ 2-) 

\'\J~~:oOI) = \ ~~) \j>\1->'	 (~) 

The expectation value cri the j th levei occupation operator Q .. 
ln the state (J4) at a tlme t ). O ls then j \ 

~	 • ,t l r,,,- - ~ r)I

(C?j \ Riilt)\~') ~ b (~i\~./.'>(UJ.d ~)ilo)\\{;~)(~~\ <?j)Q , 

I 
where t~~ t ,t-"L. la a compl et e set of orthonormalized wave 
functlons (28), (JO), (J2) and energy levels (29), (JO), (JJ). As 
a result, the average atomic leveI occupatlons are found to be 

:I. ~O() 

<<tJ. [ ~.ii~~) I~') = \ (~\o> \1 ~ (:-_~) L I <. 1:\ n-) \ 

u 1
 

t ~(N-~)l, \

co 

\('t\Vv)\~ tC~.Àt~~\~-1) t (J5)

I) (N -'1) L 

~	 Cf.) 

l. 
I	 

.s,-zL\('j;'\v>{~ to~Ut~H),H.\~l>-\. 
I	 ~ 

(J6)<<\\ \R\<:~\.t) \ Cj)~): ~ t \(1:\ lV-,) \ \ ~ t t,Cm,t~l\,\.tJ·9)-
1 

It s~ould be pot nt ed out that "~.\ \ Ri.i(t-)\ Q)j> does not depend 
on J due to the relatlons (27). Fr om (J5)~ (J6) we conclude 
that the Rabl frequenc1es of the vacuum-fleld oscillatlons grow 
with N as ~ ,whereas the oorresponding amplltud1es, ln gener,l,

6
dimln1sh. For N=2 (J5) and (J6) reduce to the results of paper/ • 

5. Summary 

Thus, we have constructed the complete set of wave functlons 
such energr leveIs of the nonllnear ( ~ -dependent.) H-level slO8le­
-mode J_C model and then used the obtalned spectrum to lnvestlgate 
the antlbunchlng and squeezing effects. There haYe been revealed the
V- and N-dependences of parameters characterizing the strength 

of these effects. It would be lntarest1ng to oompare tbe obtalned 
resulta w1th those of the multlmode N~level J_C model to clear up 
ln detail the ~I N -behavlour of the physlcal parameters now 
experlmentally observed. 
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