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1. Intr~ct~ 
In recent years, a large amount of theoretical (Walls 1983, 

and refs. cited there) and experimental (Slusher et al. 1985, 

Ling-An Wu et al. 1986) works are concentrated on the p~oblem of 

generation of squee~ed light characterizing by that its noise 

in a One electric-field quadrature is less than that of a coherent 

state. A possible application of one mode (Caves 198) and 

two modes (Bondurant and Shapi~o 1984) squeezed light inthe 

deteotion of gravity waves it disoussed. 

Tne squeezing in the resonance fluorescence field for a 

one-atom case (Mandel 1982, Walls and Zoller 1981, Loudon 1984, 

Collet et al. 1984) and a multiatom case (Lakshmi and Agarwal 

1984, Fioek et al. 1984, Bogolubov et 81. 1986) has been an 

objeot of investigation. In our previous work (Bogolubov et al. 

1987) we have shown that a substantial squeezing is present in 

some mixtures of the fluorescent spectral band fram a oolleotive 

double resonant prooess for the case of intense external fields 

when squeezing is absent for separate speotral bands. In this 

work we wish to give a spectral analysis for our previous work 

(Bogolubov et al. 1987). We also discuss a possible experimental 

scheme with the use of the Fabry-Perot filters for an observa­

tion of the spectral squeezing and show a condition to receive 

nearly perfect squeezing• 

.!!!-...!!!!!1L!!.lL~lli!!L 

We consider a system of I three-level atoms of the Dicke .... .. 
model (fig.l) interacting with two external fields Ef , f~ 

with frequencies JLf Jl~ and with an emitted field. ~e ... ­
external fields €f and e~ are assumed to be intense and am 
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w) --_--.-----13> Fig. 1. Three-level atoms interacting 

n2 wi th two monoohromatic external fields 
--J----"L,-,___ I ;> > and an emi t ted fiel d.W2 

Q, to 
__1.-___---''--_11>w, 

.... 
be treated olassically. For simplioity the external field €~ 


is assumed to be in resonance with the level separation 


<A.l3 • Wz. :: w,~ and the field - is assumed to be in_
Ef 

resonance with Wa. .W =: W (1i !' 4) • After Agarwal (1974),
f lf 

using the Markovian and rotating-wave approximation, one can 

find the master equation for the atomic system 

3f= i(i [GOSCll.rf~.Sin.C(~~+H"'J f] 
at 

- 1S'Q. ( J.u lit f - I.t f ~I + H. C.) 
(1) 

- tb (Ju.Jl~f - JufJ"u + H.C.) = L f -' 

where f is the atomio density matrix, %11'4 and J 1fb are 

radiative spontaneous transition probabilities per unit time for 

a single atom to change from level 12> to \1) and from 13> to 
.r, ... i/.tI 2), respectively, c:,:: (~'4 T tin.) and igJ. -= liU/fi;,f' 

where 6'4 and are the Rabi frequencies tor the atomio<i,,,, 
transitions 12> -+ 11> and I J>- J 2), respectively, lILt 

(k,t • 1,2, J) are the collective angular momenta of the atoms 

which have the following form in the Schwinger representation 

(Schwinger 1965) 

Ju :, C;'-t (k..t" -I,t.') ' 

where the operators ell. and e., + 
obey the boson oommutation 

relation 

[ '.. I C/ ] :: 5&1) 

2 

and can be treated as the annihilation and creation operators 

for the atoms populating the'level I It > 
Further we investigate only the case of the intense 

external fields when the following relation is fulfilled 

(2)G: » W~/' N ~~ 
After the canonical transformation 

-f/... . -fA 
C~ = .. %- Sl.1tol. Gf t c.osol Q.t +.t sine( Q~ ) 

(3) 
-q~ -1~ 

Ca. :: .t af • 2. Q 3 

-1/... _II.. 

'" - ~ COso{ Qf - 5t'n-l Q1. t:t GOSo!.
C1 Q 30 .J 

and using the secular approximation (Agarwal et al. 1978, 

Bogolubov et al. 1985),i.e., ignoring the part of the Liouville 

operator L containing rapidly oscillating terms with frequen­

cies ~(i (n-l,2,J,4). one can find a stationary solution of the 

master equation in the form (Bogolubov et al. 1985) 

'" _4 11 ,. P 
f= l r X L I P,M><M,PI ) (4) 

':0 I'h,o 

where 

Y' t.. / • .1.
I = U b GOS ;.(. ~cc. un '" 

l = [(N,tf)XN<f"_ Ui+:z.)XN .. 1 • .fJ !(>t-O'" 

... + 
~ '" U fU with U being a unitary operator representing 

the canonical transformation (3) I p~ M>, an eigenstate of the 

operators R '" RH • "55 RH and of the operator.. 
of the total number of atoms, N. Rff .. fl,t .. "" where .. 

RII.( = Q... <i, (k., t =1,2,3) are the oolleotive angUlar 

momenta of -dressed - atoms. The operators QIe.' 'lie.• satisfy. 

the boson commutation relation 
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}[ a ... ' Qt.+' J = 81c.t 
(5) 

so 

( Rkt • ft':t' J =Rkt,S"t - ICk't &U' 
(6) 

Applying the stationary density matrix (4) one calculates the 

statistical moments 

<R) :: l Mf( tHII+4) I N+5_ LN(N+1H W+So+ CN+'lHN+,t,J XK.,. .... 

_ UJ/cx.. f )' ) 
(7) 

... .,,[ It 1/.. " £ ".J<It )= 1 N ("'+OX - Nefti • 6N··f) X 1-(1(+&.). 
(8) 

J, It",1L £ Nff t. ] / ...(IN +u+:t,H -(N..,,)OI+l.) • • 41.2.X (1-0 .I 

where <....;> indicates the mean value in the statiomry state 

(·n. 
Now we calculate the "dressed" atomic correlation functions 

<If'(1:lR.U (0) >I <Rtf ('1: 'loft (0) > <R,t (0) It,., (or) > and 

<1t.u(0) RftCor) > which are useful for a subsequent caloulation 

of the spectrum of squeezing. 

Er appl,ing the quantum fluotuation regression theorem 

(Lax 1968) and the seoular approximation one finds the equations 

for "dressed- atomio oorrelation functions take the form 

~ <••,('t>R,/O)> = -, (i <Rf ( ('C) ":,,, (0) > ­
.L'C 

- < r:. ('C) It", ('C) ',If (0) > } (9) 

t-e<Ita. (0) '\.t('t') > :: - (, G <Rl/o) Rft(or) > 
- <R.,.,(o) R ('[) t;.l't» (10) 

ft

.. 

it<R.U C1;)R,iO» = r.:ti <R,:"C1:) RU.Co» 
(11) 

- <r.(1:)Ru (1:)R (o» J
1t 

~ <R,,,{o)~.1 ('t:) > = iG <Ru(o) It"" (<c) >
J..'t ' 

(12) 
- <R'.'l(O)~4(1:)r..(1:» } 

where 

r.('t): ~ .. {;(4""n~.t')... f (~s,"~ -l6. c.o.s~XN•.UC1:J) }(lJ) 

r.. C't):: ~ (4+"(4$1..1) ... ~G()$~ of 

(14) 
t f (l"4 s'n~ - ¥,. Cos";.t) ( N-I. R (t:») 

After $ompagno and Persico (1982) we factorize 

<r:('CJR.l('t)R.,.,CO)= <r..>-<Rf ,l1:>It".,(O» J 

<r.,. ('t) l\l'C) 1ft (D)>= <~ >-<8.lot (t'J Rf.t (0) > (15) 

<R".. (0) RU.(1:) ~ ('t:) >-: < ~ > . <Rt .. (0) R.,.e ('t)> , 
<R.,io)R.t.,('t) r:('t»-:: <r.. > -( R1t{o) RZ.,(1:') 

Using the statloDArl solution (4) it is easl to show that in the 

oase of a large number of atoms the factorization (15) gives a 

smaller error with higher order than ~~ in the oaloulation of 

the stead,-state spectrum. B.r applying the factorization (15) . 

equations (9-12) yield the1dressedRatomio correlation functions 
in the form 

(-i.<i - <r. '»'t 

<Rt:tc·t) /1,.1/0) >': e <R12. R.t-f '> } 
(iq.-< r; »1: (16) 

<R.t/'C)R~t.(o» = e <RURu.> 


(.iG-<r.})T
<Ru(o) Ru.('C) > = e <R.t-f R1t> 
(ie; _ <r: >)'t'
<Rft(o) R..1i't» = e . <Rft AH > 


5 



The values <f.. )' and <r_ >- are the spectral widths of the 

spectrum bands centered at frequenoies A,,:t q and ..t'1.,:t Ci 

respectively (Bogolubov et al 1985) • As is easily seen from the 

rela'Uons (13-14), in the case of I '" of the spectral widths 

<rot). and <r: >- are the same as in the sitlgle-a.tom spectrum. For 

the case of X'" of and a large number of atoms H the spect­

ral widths <r.. > and <C> 
approximately equal. With the 

(5-6) the statistical moments 

written in the form 

are proportional to N and are 

use of the commutation relations 

<R,.. It,.,). and <R.t-t R,t). can be1

<R1f,Ru '>=<Rn Rz.,>-= rCN'f'of)<Il>- !<R.!.> " (17) 

<R.U R",> =<R.uR~,,> = ~ (N-I.)(R.) - f <If") J 
(18) 

where the quantities <tt. > and <It"> oan be found 1n (7-8). 

III. ~2!£!~-2l-~~!!~&-!B-fluoreacent fields 

In th1s seotion we discuss the squeesing in the fluorescent 

field in the oolleotive double resonant process and give a 

speotral picture of squeeZing. In the radiation zone, the pos1­
t"J ... 

tiTe freQ.uenc,}" parts of the electrio f1elds EQ. (1:..1) and 
"'<'1" ..C" (1:., t) , corresponding to the lower and upper atomic 

transition \2> .... \1) and \J) to \2) have the form (Mandel 

1982, 'alls and 

E(+J(x t)
Q. I 

(+) .... ...E.. (~.. t)= ELf,.et(",t) + (f.. ''t)J'u(t-A/e). 
.. P, 

(20) 

. ex p [- £.ILI. (t - Ale) J 

6 

Zoller 1981, Collet et al 1984) 


(.+1.... .... 

.: E ~ (~, t) + 1fIa,.( x. ) 1... ( t - Ale).

4,;J ree .... 

(19)• ex p [- i Af ( t - A./c ) J } 
~J"'" 

.... ... ­where Y'4 (~) and '+'., (:lie:) are geometrical factors, .'Ie'-is the veotor of the observation pOint, J/. '" I" I 
With the use of the canonical transformation (3) the atomio 

oollective angular momenta l,..'tJ and ;rUCt) have the structure 

I - ,&,tr t 
J'n,(t) = tco.s..t ~(t) i- f c.oS..t (RJ4 (t) € ­

. t ...., -icit..., -iCU)
-RfJ(tJe-~'Ci" ) - ~ sin..t..(R,,'./Je "'-,liJe (21) 

"" ...,:6 J' 
;r it) -= !. sin..t.. ()~(tJ .,. 1 st.';"«( R~. (I) e ­u ~ z..., 

,.. ."iCit ..., -icit.., i&.t) 
-R'JUJ ( )+Jicos..t(It,1}e +R3i t )e )(22) 

D ~ Rn - Rff ": Rwhere ~ 
- ..., & t 

IJf{t)": R... Ct) ( 

.., 't;.l
R" et) = It (I) t ., ~ 

~ ~()j 
RU(ll.: Ru,U) t ) R",l'h R,U(t) e . 

In the seoular approximation R",c (t) O..,t", 1,2,3) are slowl,}" 

varying "dressed" atomic operators. 
tf) .... 

In subsequent calculations we drop out the free parts E (')(;,; J 
l+) - 4, t,.et

E" f,.::.. t) in relations (19-20) which do not affect the normall,}" 
, tt) .... (+) ­

ordered variance of fluorescent fields Eo, (X, t) and E" (X, t) . 

For the stationar,}" limit the dela,}"ed time contribution has been 

also ignored (Cresser 1963, Collet et al 1984). 

After the works (Aspect et al 1980, Apanasevich et al 1979, 

BogoluboT et al 1985) we can consider the operators 

'" .f - I ­- .!. c..os..t R.. (I) J - - S,·fI.,o{ R. (tJ J .. GOScl 0.. (t).J- i sino{ R (t)
J. ,... fE ..I.. " ff ~-t 

and f cosat. R.H C.t) as amplitude o,erators :for the sources of the 

... spectrum bands centered at the frequencies .fl.f - 26', .J1..-6 .. .fl.., , .11.1 + (i' 

and ..tl.1 +:LG ; and for simplioity we denote these operators 

7 

- %Hf1 . . 
... - ~ , 6- '" 

,R.,(j) =1\13 (1) t . 
- -, a-t 

• Ritct>= R...(I) e . t ) 
- -,6 



bY' L". l . .f I Lo I L., a.nd L~ , respeotivelY" AnalogouslY', the 

operators - *",'n c( if! (I;) ~ ti (,OS-i ~.t U) I f S4noi DEJ (.I) 

/r €.Os.t ;t,,,(I) and fsl1'l.t ~.,ct} oan be oons:1dered as amplitu­

de-operators for the souroes of the speotrum bands oentered at the 

frequenoies ..t1..t - .t G ,.!l..a - Ci', ..(l..t ' ..t1.~ 

and for s1.mplioity we denote these operators 

a.nd U t. , respeotivelY'. 

of 4 and ..i1..z +,lit 

U.~. ll..f ' U. I U., 

In the oase of intense external fields when oondition (2) 

is fulfilled, it is easy to show (Bogolubov et al. 1987) that 

squeelSing is absent for all separate speotral bands L", and 

u_ (Je. =O,!l, !2), for the whole fluoresoent fields oorresponding 

to the lower and upper atomio transitions. The squeezing exists 

onlY' in the mixture of two spectrum bands L1 and U-f or 

and 

and 

Uf ; moreover, the degree of squeezing in the mixture~ 

U-1 
and in the mixture of L

-i and U1 is the same. 

'--1 
L1 

Further, we analyse a speotral pioture of squeezing in the 

mixture of two speotrulli. bands L1 and U- 1 (or L_1 and Vi ). 

With the use of the relations (19-22) and the secular approxima­
(+1 -

tion one finds the Fourier transform of tlle field Eo. (%.. t ) 
~ H'­at a frequencY' '1 located near -'l..,-<i' and field E.. C:e.. t) 

at a frequency V" located near .fl." of G' in the form 

-ttl'"
E4 (%,.il.t -4- of 'of) = ­ .; $&n..c. 

-tt' ....
Eb (~, Aa. +6 - ~ ) = ofil €.Oj J. 

.... 
1.f'4{%) R.,,,clf ) 

.. "" 
\fl. C., "U. (E,,) 

) 

) 

(23) 

where 

f t c: ~ - (A., - <i), fa. = 4" of .n. -})z 

The mixture of the
-("" ...and f~ C%, )1",) 

two frequency oomponents 

is defined as 

.., , ... 
E H(%l!) 

" -' 'f t 
J 

8 

....tt) ... .i [""tt' ... -ffo' ... JE.. (~, I., , fa) • ;,; E", (?C. A., - (i ... E.,) ..,. Eb (~,.l1:t. of ,,- f:t.) ) 

- ..... , .. - f-) ... - ~I ... J
EPI (:l:,fi,I.c)=;i[Ea. (~",.I\-ti-t~)" E., (~~1l:.t .. 6-~) 

After Collet et al.(1984) the quadrature phase oom­
""(:t 1 .. 

ponents for the mixture EM (:;It"Ef,fz ) ar, defined asl 

..., ... ., - ... ,... il- ""~1" -if 
E,C=-:'"Ef,E,,)= r[E,.('t,Ef,&",>e ..,.EH(~~E1.-!.:)e J.24) 

whiah for .:: 0 and f. i ooinoide with the in-phase- - fA) ) and out-phase ( E" l fit" ~. 1St) ) oomponents,( f .. ''fi. '." ~ ~ 

respeotively. ~ using the stationar,r atomio correlation 

funotions (16) one finds- .., :<r.. >
<R.t.,(foflRft(f"l} = O(E.,-EJ,)·<R:.tfR't> .r. .t (2')

E., -t <r.. > 


- "" Jl.<r..')
<R (~) R (E» =8(f1 -!L ><RU. ~f>'.r. .t (26)
u. 1 li 'I f1 -t <r.. > 

The normally ,rdered varianoe of the quadrature phase oomponent- .
E,. (Ef, 'i) oan be found using the relations (23-24) and 

(25-26) 

..., .t 
<: (4 E. ( ff' £.i. )) : > = 8 ( ff - E,r. ). Sf ( E'f ) (27) 

with 

S.Cff ) = f (~s'n~ - "'S.t.#.sI:"«.~S« (;r.. Y... J.f
a). 

(28)It > l. r- ~ 1. .a.< t.t".z.. .... ~+ .c(t.cos~-
t. of a".. ') 

GO" .t'.•&n..(. c:<Qs"{ (y.. ~ ) f'J!) . < r..,} } 
~.. .t 
"t of <r; > 

9 



where we ident1fY' S. (~) with the phase sensitive normallY'-ordered spectrum 	of the operator E.. (E", E.a, ) 0 

In relations (27-28) , for simplicitY', we have dropped the 
.... 

argument ~ (the position of the detector). Moreover, we 

have followed the usual convention and have renormalized the 

oorrelation functions to the total flux (Mandel 1982, Collet 

et ale 1984) • The integrat10n of the speotrum $# (E,,) over 

all frequencies gives the following expression for the normally 

ordered varianoe of mixture of two speotrum bands L1 

and U- t (or L ... and U, ) : 

<: (4ft ,:" > = f ~Il s ,on I.d. < Ru. R".f > .,. 

1 I..'(R >" 	 )".4+ ~ y& COS ;.( 	 :.t:4 Rit - Ii Co.s.f.1 ()"',. Y,. . 

o St"nol. co.s.ol « Ru. R.z.f > -t <\" R11. > ) ) 

thus, squeezing in the mixtUre of two spectrum bands L1 

and U_1 in agreement with the work bY' Bogolubov et ale (1987).. 
In fig.2, the spectrum ~ (~) (i.e. when ... :: 0 ) is plot­

ted as a function of f!."IN¥4, for the case of c:l,z..r. a<I.8 

and ~/{:: of • 'l.be peak degree of squeezing occurs at the 

point E.f =0 , i. e. when the two frequencY' components 
.... ., -~) 

EQ. C~)and E.. (li) are 100ateQ at tae frequenoies .n..,+ti 
and J1." - (i (or J1.f - 6 and n ... '" G- ), respeotivelY" The 

peak squeezing ' .. (Ef :: 0) all a funotion of the parameter 

cl,".l for the oase of 2(" IYa = of (solid oUrTes) and 

if" Iy" =1.8 (dashed ourves) is plotted in fig. J. For the 

oase of x ;: -4 we have 

and
.( 1t14 It,t( >=a~.,t( Rf~ > 

as a result, S. Ct" ) ~ 0 , thus squeezing is absent in this 

10 

5,(0,) Fig. 2. Spectrum $1 (&i) as a function 
-()2 -0.1 

c,/Nto 
ofe,/Nrl?f.,. for the case of ctg~ .. 
=0.8, 1h!(Qi.- 1. 

51(£:1=0.) 

1.0. 	 2.0. 10. X 
~ig. J. Peak of spectral squeezing 
Si (l. t.:: 0) as a function of the para­
meter ctgt.:o(. for the case ofr,/ra.,=i 
(solid curves) and Ifi,/("", = 1.8 (dashed 
curves). 

-0.0.5 

-0-15 

:::-::~ N-2S 

N-100 

oase (see fig.,). Squeezing is also absent for the case of 1: 0 

and X .... - • As 1s seen from figs. 2-J, a large squeeZing 

ooours, and for the case of X<of and N»" the squeel1<ing 

tends to a limited value 51 -0.2' (Perfect squeellling). We 

note that though the degree of squeezing for the mixture of two 
-C+ ) 

frequencY' oomponents Eel (.11,,'" ti-) and ;:'(Jl." _ li ) 

(or E::'C.l'Lf-<i) and e:' (.11.1. .,. (i) ) is large and nearly 

perfect squeezing is possible, as mentioned above, the squee­

zing is absenoe for an;r separate spectrum bands L" " Uk. 

( Ie. = 0, !l, 12) and any separate frequency components. 

lYL-!&s ical~l!!~rw!_2.!~lI.!!~1Y 

In this seotion we discuss a possible experimental scheme 

using the FabrY'-Perot frequencY' ana1ysers. We investigate the 
(.' E(+1

squeezing ct the mixture of two fields E (t) and (t) 
~ Q. p; j, 

frequency-filtered from fluorescent fields by two identical 

(wit.hJut loeses) 	FabrY'-Perot a.1l&lY'sers whic.", have the filter 

frequencies equal to 

11 



(#>
W

4 
= .Il.,.Ci_d J w"1.1'= ..tl.,t'" (i of G (29) 

(Il 
(or Wq. =..(1" .. Ci _ d (I' 

Al.. G SW" = '" 

After t~e works (Cresser 1983, Collet et al 1974) the fields 

(+, (""


E (t) and f (t) can be written as 

'.4 D,b 

+ - ."• "&" '(.£ t' , ~,(+) .... 
E (8, t ,= S S. ('l." ') e . E (t', 4 ~ '" (0)
D~4 _"""" 4. 3 

+:111' 
( i{./lr G ... £,)t _ -("'J 

:: J e . t €E• .. &). f ~ (.n.. - Ci of ~ ) cL f1 
-:III' 

+::0<> • tJ' ,
(+, - '- wet. t, (.,., ,

E (t):::; ( J (t.t) e b f!" (t') 41 :;
~& J & .., 

-t(_ ~(A ..... 4· E.r.)ll--C! 8) et"'(.t1.• .;G. E.) ele. 
=J e b ;t+.:e, ....... "" 

where -~ 

Ja, (1:) :: IJeT:.) (2. rq. )1/2-. e -r .. 't. J 

J", c~) = 9l~) (.r. r..) 1/£. e- rio 't 

with r... , r" being the filter bandwidths; and :J;(t."oIOJ 
and Sf, (fA. +8) J the Fourier transfo:nns of J (f:)

A 
and ~ (1:) , respeotively_ 

We define an eleotrio field operator with phase flo 
or the mixture of EC·'(t} EC"'J(;t}and as (24)eQ. ~h 

J[f. (t) ;: rEM"tHo( , t) e 
itl-

1- E 
L-) 

(cJ:t) e 
.~·iI1 

",D 

where 

'f" 4 [ ,+,f ( 8, t) = ii E (G, J,) ... 
(+ I 

(13, t)J )EltD .to ~ Q. J)~ " 


~) I~'

f (G,I) -= ii. [E (0, I) .. Et-~ (".0]

"" ... q, Q. 4­

12 

With the use of relations (~3), (25-26), and (30-Jl) one finds 

the no:nnally ordered varianoe for the quadrature phase compo_ 

nent E (0,") in the form• 
S ... C6,r):: < (bE )": >': of ()'j,C<Js'..l ­'-II' f '" 

CDS .,.,. SinJ, CDS~ (~)',,)
"/.& 

), <'.r., B.,,,)' L.. {o. rJ+ 
(J2) 

& ~ + .!. ('I ,in" -CDS .til. #nJ.. COoS...!. 0:•. Y,,) ). <It R >,z. do 'foC. ..,., 

L~ (oJ r) , 


where 


+:1P 
f. <r.. > J, fi 

l .. (0,0 == f·j ...t ( , ')
-rIP (<~> .. ff) f ... (6"+tP 

-t:1P 
r, < '. > J. E1l (S.r) :: 1. S 


~ " (ol r: >L.,. E/') ( f".. (G.. E
1 

)a.)

-30 

Here for a1mplicity two filter bandwidhts are assumed to be 
.t (.n.. fA )1

equal r",::: rio : r and e Of;;( is ohosen to be equal 

to unity_ '!'he quantity S".(S,r) describes the squeezing 
J 

in the quadrature phase component f.co) and oan be considered 

as a physioal ~ectrum of squeezing in the mixture of the two 

spectrum bands L1 and U' f (or L.i and U
f 

) _ The peak 

squeeling OCOurs for the oase of 8:" and has the form 

5".U".,6=0) = f (~CDSJ,..l _ Gos~'. $t"nJ. C'DSJ.(~y,,)4t). 

-< R,. AU. > (JJ) 

+ 1. ("lflt $"71 &,.{ ­

r .. <r..> I. 


1,4 
US.I.•. st"n..t. CDoSrtI.. • (; ~ 'IJI,) ). <'f' 't. > 

f .. <r. > 
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It is easy to see from the relation ())) that in the limit 

case when r<<. <I:,> I < r.. >the peak: squeezing Sr:..,(r~d=o) 

ooincides with the peak: squeezing S... (E, " 0) in the relation 

(28); and in this case the squeezing tends to a limit value 

5t:,. = -1/4 (Perfeot squeezing) when X.co{ and the 

number of atoms is large. 

In the oase of r:::: <~ >, <r:. '> the quant1tl SP, .. (~ ... o) 

describes the squeezing of the mixture of two spect=al band" 

and U- f (or L_1 and U., ) and oan reach the valueLf 

-1/8 (50 	per cent of squeezing), thus a maximum squeezing 

is in agreement with our previous work (Bogolubov et al. 1986). 

To oonclude, we note that in our case the oollective effects 

increase the degree of squeezing (see figs. 2-)), and the 

desoribed scheme can be used as a possible experimental scheme 

to observe speotral squeezing with a large degree of squeezing, 
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