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Abstract

In this thesis, we study the quantum properties of the light generated by a coherently
driven degenerate three-level atom in an open cavity coupled to a vacuum reservoir. The
three-level atom available in the cavity is driven by coherent light from the bottom to
the top level. We perform our analysis by putting the noise operators associated with
the vacuum reservoir in normal order. Employing the master equation and the quantum
Langevin equation we obtain the differential equations of the atomic and cavity-mode
operators. Using the steady-state solutions of the resulting equations, we determined the
photon statistics, quadrature squeezing and the local mean photon number. It is observed
that the mean photon number is greater when v = 0 than when v = 0.1. We find, like
the mean photon number, the variance of the photon number to be greater for v = 0
than for v = 0.1. Moreover, we have also established that the maximum quadrature
squeezing of the light generated by the atom, to be 43.42 % for v = 0 and 42.22 % for
v = 0.1 below the coherent-state level. Thus in the absence of spontaneous emission the
mean, the variance and the quadrature squeezing of the cavity light is greater than in the
presence of spontaneous emission. Finally, we have found that a large part of the total

mean photon number is confined in a relatively small frequency interval.
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Chapter 1

Introduction

A three-level laser is a source of coherent or chaotic light emitted by three-level atoms
inside a cavity coupled to a vacuum reservoir [1]. In the quantum theory of a laser, one
usually takes into consideration the interaction of the atoms inside the cavity with the
vacuum reservoir outside the cavity [1]. Three-level lasers in which the crucial role is
played by the coherent superpositions of top and bottom levels of the injected atoms
have been studied by several authors [1-6]. These studies have shown that this quantum

optical system can generate light in a squeezed state under certain conditions.

The squeezing properties of the cavity modes produced by a nondegenerate three-
level laser has been studied [7]. It has been found that the two-mode cavity light exhibits
squeezing, if the atoms are initially prepared with more atoms in the bottom than in the

upper level, and the degree of squeezing increases with the linear gain coefficient [7-9].

A three-level laser, in which the top and bottom levels of three-level atoms injected
into a cavity and coupled by a strong coherent light can also generate light in a squeezed

state [8,9].

It appears to be quite difficult to prepare the atoms in a coherent superposition of
the top and bottom levels before they are injected into the laser cavity. Moreover, it is
certainly hard to find out that the atoms have decayed spontaneously before they are

removed from the cavity [10-17].

We seek here to analyze the quantum properties of the light emitted by a degenerate

three-level atom available in an open cavity and driven by coherent light. Thus taking into



account the interaction of the degenerate three-level atom with resonant coherent light
in an open cavity coupled to vacuum reservoir, we first derive the equations of evolution
of atomic and cavity-mode operators, applying the quantum Langevin equation and the
master equation. Using the steady-state solutions of the resulting equations, we obtain
the photon statistics, the quadrature squeezing, and the local mean photon number for
the light emitted by the atom. We carry out our analysis by putting the noise operators
associated with the vacuum reservoir in normal order and considering the interaction of
the three-level atom with the vacuum reservoir outside the cavity. To this end, we first
determine the operator dynamics for coherently driven degenerate three-level atom in an

open cavity.
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Chapter 2

Operator Dynamics

We consider here a degenerate three-level atom available in an open cavity coupled to a
vacuum reservoir and driven by coherent light. We denote the top, middle and bottom

levels of the atom by |a), |b) and |¢) respectively.

NV acuauarn

I b> Roescacrvaoinr
X <>

Fig. 2.1 A three-level atom in an open cavity.

In this chapter we seek to determine the operator dynamics for coherently driven
degenerate three-level atom in an open cavity, in which the atom is pumped by coherent
light coupled to a vacuum reservoir. We first derive the equations of evolution of atomic
and cavity-mode operators, applying the master equation and the quantum Langevin
equation. Employing the steady-state solutions of the resulting equations, we obtain the

expectation value of the atomic operators.



We consider here a degenerate three-level atom available in an open cavity coupled
to a vacuum reservoir and driven by coherent light. Thus the interaction of coherent
light, represented by a real and constant c-number e, with the three-level atom can be

described at resonance by the Hamiltonian

. 0
H = = (sl-4.), (2.1)

where
Q =24, (2.2)
Ge =lc){al, (2.3)

with ¢’ being the coupling constant.
Moreover, the interaction of a degenerate three-level atom with the cavity mode can be

described at resonance by the Hamiltonian

H" = ig(6la — a'6, + 6la — alsy), (2.4)

where
G =[b){al, (2.5)
oy =|c)(bl, (2.6)

with g being the coupling constant.

Thus the total Hamiltonian turns out to be

-2
2

(67 = 6.) +ig(6la — ate, + ola — atay), (2.7)

[

We recall that the master equation for a three-level atom interacting with a vacuum

reservoir has the form [1]

do .
L= il 5]+ 220,061 - 6160 — poloe)
dt 2

+ 220050} = 5lovp — o6, (2.8)

where 7 is called the spontaneous emission decay constant.

Now employing Eq. (2.7), the master equation which is the time evolution of the density

>



operator (p) for the three-level atom driven by coherent light, interacting with the cavity

mode and vacuum reservoir takes the form

dp
dt

+ Glap— pota+ pate, — ateyp)
Y ron an .
+ 5 (26p6!—a)(alp — pla)(al)
Y jon A A
+ 5(20bp02—!b><b!p—p!b><b|)- (2.9)
Using the relation
d, - dp -
—(A) = Tr(-Z2A 2.10
G = (%4, (2.10)

along with the cyclic property of the trace operation, one easily gets

d

916 = Trl(p0ut — 566u+ p66s — )
+ g(poabala — polac, + patc,? — pol.ala,
+ PG o — poyac, + palced, — poadldy)
+ 3(206.16,6. = poala) (al - pla) (alo)
(2551 G0, = poalb) bl = plb) bl (2.11)

so that on account of Egs. (2.3), (2.5), (2.6), and their adjoints, we have

d, .

L6 = i)+ el + gl — 1) + glals). (212)

Where the probability of finding an atom in the top, middle, and bottom levels respec-

tively is expressed as follows

() = (la){al), (2.13)
()= (b)), (2.14)

() = (le){cl)- (2.15)



We also notice that

thus on account of Egs. (2.3), (2.5), (2.6), and their complex conjugates, we get

+ 4+ o+

o2 o2

+

Tr [g(PUbUCT — 6.6y + po.Gy — poGe)
9(posda'a — po, acy + pa'd.cy — poyala,
r ATy At

POy G — POy

. Q
—1(G) = o
Q
Trl5 (péeo

poe6la — polac. + pateye. — po.a

N2 D=2

(2p0.'6.”

(266,6,° — pdy|b) (bl

(206660

acy, + pa'c

(2p6.1Gy0. — popla){al

G.') + g{(7

b — poya'oy
— pla)(aloy)

— p[b)(0lo)],

— b)) — g¢

— pocla)(al — pla)(alé.)

— poc|b)(b| — plb) (blo.)],

)

ala.

upon introducing here Egs. (2.3), (2.5), (2.6), and their adjoints into

Eq. (2.18), thus the expression can be written as

d
dt

Moreover, we easily

d

dt

_<0AC>

get

(7)a)

6 + S (0 ~ () + 9{(6 — G2)a).
TT[%(ﬁﬁach = 00!l + POetla — [ade)

9(Piaa'a — poyl @i, + pa' ot — priaa’d,
priady e — poy an, + pal Gy, — priaa'S,)

5 (2016 — priala) (a] — pla)iali)

5 (2701110 — pra[D) 0] — pIE) Bl )],

.

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)



in view of Egs. (2.3), (2.5), (2.6), and their complex conjugates, we find

= —(ia) + 5 ((6]) + (60) + g((6]a) + (a'5.)). (2.21)

— oty + poeny — pipoec)

+ g(pmola — polan, + pa'can, — piwal o,

+ Py 6Ta — pa any + pa Oy — ﬁﬁde&b)
+ 5(2/)01771)00 — pipla)(a| — pla){alfy)
+ 5(2p0277bab — piip|b) (b — p|b) (b|7w)], (2.22)

so that on account of Egs. (2.3), (2.5), (2.6), and their adjoints, one gets

L) = i) — ollola) + @o0) + ollola) + (@a)). (229

Finally, we observe that

%m>—7w%mﬂ—wm+w% priede)
+ g(pncota — polan. + pa'éan. — pieaté,
+ pieoia — polan. + paloyie — pieala)
+ 5110 — piiela) (al — pla)(alic)
N

(296376 — pic|b) (B — pIB) (DI, (2.:24)

N[RN[R
o
BS
S

hence upon putting Eqs. (2.3), (2.5), (2.6), and their complex conjugates
into Eq. (2.24), we obtain

Sl = i) — S oD+ (62) — al(ola) + leu)), (2.25)

We assume that the cavity is coupled to a vacuum reservoir via a single port mirror.
Moreover, we carry out our calculation by putting the noise operators associated with
the vacuum reservoir in normal order. Thus the noise operators will not have any effect
on the dynamics of the cavity mode operators. We can then drop the noise operator and

write the quantum Langevin equation for the operator a as

Lo = —Za—ia A, (2.26)



where k is the cavity damping constant. Therefore, with the aid of Eq. (2.7), we easily

get

i=——a—g(Ga+0p) (2.27)

e
S

We observe that Egs. (2.12), (2.17), (2.19), (2.21), (2.23) and (2.25) are nonlinear dif-
ferential equations. Hence it is not possible to obtain exact time dependent solutions of
these equations. Thus applying the large time approximation scheme, we obtain from

Eq. (2.27) the approximately valid relation

a(t) = —%(&a +6). (2.28)

Now inserting Eq. (2.28) and its adjoint into Eqs. (2.12), (2.17), (2.19), (2.21), (2.23),

and (2.25), we obtain

Go = ~(r e + 50D, (2.20)
So =~ )6+l - o, (2.30)
S0 = ~(r+ 26 + (G0 — {i) (2.31)
Gl = (i) + (8N + (5, (2.32)
Sy =~ el (2.33)
L) = A= () + 7l — (6 + (62), (2.31)
where
Yo = 4792 (2.35)

The parameter defined by Eq. (2.35) is called the stimulated emission decay constant.
In the absence of spontaneous emission and based on the definition of this decay constant,

we infer that the atom in the top or middle-level emits a photon due to its interaction

9



with the cavity light. We certainly identify this process to be stimulated photon emission.

The steady-state solutions of Egs. (2.29), (2.30), (2.31), (2.32), (2.33), and (2.34) are

given by
(o) = 2(72%)@,*% (2.36)

(0n) = 272?%(6@—272%(5@*% (2.37)

(6 = gt = () (2.33)

(o) = 7f%<<fc>, (2.39)

() = 710%<ﬁa>, (2.40)

() = 1+%<ﬁb>_%<&c>- (2.41)

(da) = (agp) =0. (2.42)
We recall that [1]

(Na) + () + () = 1. (2.43)

Now inserting Eq. (2.40) in Eq. (2.43), we find

(7t 27 o
i (2525 ) v ) = 1 (2.44)

upon substituting Eq. (2.38) into Eq. (2.39), we have
() (27" + 377 + 72 + ) = Q*(Ae) = 0, (2.45)

thus solving Eqs. (2.44) and (2.45) simultaneously, we arrive at

Y2+ 72
2902 + 37:0% + 29 + 5y + 472 + 98

(o) = (2.46)

10



YR + 9P + 29 + 597y + 4992 + 2

A . 9.47
i) 2788 + 3780 4 29° 4 592y + 492 + 2 (247
Furthermore, Putting Eq. (2.46) into Eq.(2.40), we find
) Vo2
= . 2.48
(o) 2902 4 3780 + 2793 + 592y, + Ay 42 (2.48)
In addition, using Eqgs. (2.46) and (2.47) in Eq.(2.38), we obtain
i Q 29° + 597y + 4772 + ¢
Gy = NCRT)

29 + Yo 292 + 3702 4+ 293 + 592y, + Ay + 2

11



Chapter 3

Photon Statistics

The photon statistics of the light generated by a three-level atom is described by the mean
and variance of the photon number. It would be crucial to classify the photon statistics
of a light modes based on the relation between the mean and variance of the photon
number. Thus the photon statistics of a light mode for which (An)? = 7 is referred to
as Poissonian and the photon statistics of a light mode for which (An)? > 7 is called

Supper-Poissonian. Otherwise the photon statistics is said to be Sub-Poissonian [1].

In this chapter we wish to determine the statistical characteristics of the light produced
by a degenerate three-level atom, in which the degenerate three-level atom available in
an open cavity coupled to a vacuum reservoir is driven by coherent light. We have
calculated the steady-state solutions of the expectation value of cavity-mode operators.
Upon employing the solutions of these equations, we seek here the mean and the variance
of the photon number of the cavity light emitted by a coherently driven degenerate three-

level atom. To this end, we first determine the mean photon number.

3.1 The Mean Photon Number

Upon introducing Eq. (2.28) and its adjoint into 7 = (a'a), the mean photon number

takes the form

A= 1 ({ha) + (7)) - (3.1)

12



Now substituting Eqs. (2.46) and (2.48) into Eq. (3.1), we have

Ve V8 4 29,007
koA2YQ2 4 3907 + 2908 + 592 + A2 +92 )

n =

(3.2)

We note for v = 0, the mean photon number reduces to

=1 (2—92) . (3.3)

Kk \ 72+ 3§22

0.4 T T T T T T T T T

0.35

0.3

0.25

0.2

Mean Photon Mumber

0.05

Fig. 3.1 The Mean Photon Number Versus (2.

From Figure 3.1 we see that the mean photon number for v = 0 is greater than for

v =0.1.

3.2 The Variance of the Photon Number

Furthermore, the variance of the photon number for the cavity light can be written as

(An)? = (a'aa’a) — (aa)?. (3.4)

13



We note from Eq. (3.4) and that @ is a Gaussian variable with zero mean, one easily

obtains [1]
(An)? = (ala)(aa’) + (a*)(a™), (3.5)

upon applying Eq. (2.28) and its complex conjugate into Eq. (3.5), we find

(@la) = L((ia) + (), (3.6)
(ad'y = (i) + {ic)): (3.7)
(@) = (%) (60)* (38)

Now substituting Egs. (3.6), (3.7), and (3.8) into Eq. (3.5), we obtain

(A =22 (4a) + () + () (o) (39)

K

On the basis of Eqgs. (2.47), (2.48) and (2.49), variance of the photon number turns out

to be

s Ve [ Y+ 2902 + 293 4 592, + dyy2 4+ 43 %2\’
(An)* = n— +
K A\ 272 + 3702 + 293 + 52y, + 4yy2 + 43 K(27 + 7e)

29° +59* % + 4972 + 70 i (3.10)
29002 + 37,02 + 29% + 592 + 4992 +92 ) '

We observe that for v = 0, variance of the photon number reduces to
2 2002 2002 + A2
An)? — (k) L 20T e
(An) K . v2 + 3022 % 72 + 302

Q 2 ,yg 2

14



018 T T T T T T
016 -
¥=0
= o1
014 ¥ -
012 F =
a1 -
oy
=
A
0.0s - -
0.a5 - -
0.04 -
0.0z - = 0.5 -
K = 0,8
0 | 1 1 1 1 | | 1 1
0.1 0.2 0.3 0.4 0.5 0.6 o.r 0.3 [NR=] 1
L2

Fig. 3.2 Variance Versus (.

From Figure 3.2 we observe that, like the mean photon number, the variance of the

photon number is greater for v = 0 than for v = 0.1.

15



Chapter 4

Quadrature Squeezing

We wish to calculate the quadrature variance and quadrature squeezing for the plus and

minus quadrature operators defined by

Applying the commutation relation for the plus and minus quadrature

operators, we obtain

la_,a.] = —2ila,a']. (4.3)
It can be easily found that
@,afl = ()~ () (44)
Thus, we get
4=y = 207 () — (0c)) (45)

[A,B] =iC, (4.6)
then it can be readily established that

AAAB > %\<é>|. (4.7)

16



Hence, we readily get

AayAa_ > 2210 — ()] (4.8)

3
The variance of the quadrature operators is expressible as [2]
(Das)? = £((@' £a)%) F [(a") = ()] (4.9)
In view of Eq. (2.42), the variance of the quadrature operators takes the form
(Nax)? = (a'a) + (aa') £ (a™) + (a?). (4.10)

Substituting Eq. (2.28) and its complex conjugate into the last two terms

of Eq. (4.10), we have
(@%) = (@) = 22(3,). (4.11)

Now upon introducing Eqs. (3.6), (3.7), and (4.11) into (4.10), we obtain

(Bay)? = 20+ (i) +2(52). (4.12)
(Ba-)? = Z(1+ () — 2(62)). (4.13)

We see that the cavity light is in a squeezed state and the squeezing occurs in the minus
quadrature.
We recall that the light generated by a two-level laser well above threshold is coherent,

the quadrature variance of which is given by [2]
2 e

(Aag): = —, (4.14)
K

where (Aa<)? is the quadrature variance of coherent light.
We calculate the quadrature squeezing (S) of the cavity light relative to the quadrature

variance of the cavity coherent light. We thus define the quadrature squeezing by [2]

(Dol = (Ba )

S (har)?

(4.15)

17



Hence, employing Eqgs. (4.13) and (4.14) into (4.15), the quadrature squeezing

turns out to be
S =2(d.) — (), (4.16)

Inserting Eqs. (2.48) and (2.49) into Eq. (4.16), we arrive at

AL 29% + 59%e + 4972 + 72 )
29 4 e 2902 + 3707 + 298 + 592 + 492 + 92

7e$2?
29007 + 3707 + 293 + 5y + 4972 + 92

(4.17)

There follows

20) o) — 702
S = — (7+2) ki - (4.18)
22(7 +7e) + 788 + (27 + 1) (7 + %)

When v = 0 the above expression reduces to

278 — Q2

. 4.1
302 + ~2 (4.19)

Fig. 4.1 Quadrature Squeezing (S) Versus 2.

18



We notice that the plots in Figure 4.1 cross each other at the point €2 = 0.27. We also see
that when 2 < 0.27 the quadrature squeezing for v = 0 is greater than that for v = 0.1
and for 2 > 0.27 the quadrature squeezing when v = 0 is less than that for v = 0.1.
Moreover, we observe that the maximum squeezing of the cavity light is 43.42 % for v = 0

and 42.22 % for v = 0.1, below the coherent-state level.

19



Chapter 5

The Local Mean Photon Number

We finally seek to obtain the local mean photon number of the cavity light. To this

end, we first determine the power spectrum of the cavity light. The power spectrum of a

single-mode light with central frequency wy is given by

1 © )
Plw) = Dy <dT(t)d(t+T)>ssel(“’“’0)7d7',

where ss stands for steady-state.
Upon integrating both sides of Eq. (5.1) over w, we readily get

/ " Py = / Tl a4 7)) s e x = [

so that using the fact that
1 [~ .
ir) = — e“Tdw,

—00

we have

we obtain

GZUJwa,

(5.1)

(5.2)

(5.3)

(5.5)

(5.6)

with 7 = (a'a) being the steady-state mean photon number. On account of this relation,

20



we observe that P(w)dw represents the steady-state mean photon number of a light-mode
in the interval between w and w + dw.

We hence realize that the local mean photon number in the interval between w’' = —\

and w' = A is expressible as

T_l:t)\ :/ P(w’)dw’, (57)

in which W’ = w — wy.

It proves to be convenient to rewrite Eq. (5.1) as

1 [0 .
Plw) = o (af (t)a(t + 7)) 5@ dr
1 o .
+ — (at(t)a(t + 7))@ dr, (5.8)
2 Jo

so that replacing t by - 7 in the first integral, we find

1 [e.e]

Plw) = 2 /. (af(t)a(t — 7)) s @077
1 [ .
+ — [ (@'(®)a(t 4 7))@ dr, (5.9)
2 Jo

we observe that one integral is the complex conjugate of the other. Hence the power

spectrum can be written as

Plw) = L re / m(a*(t)a(t+r)>sse“ww0>7d7, (5.10)

™

in which 'Re’ denotes the real part.
Now we proceed to calculate the two time correlation function that appears in Eq. (5.10)
for the cavity light. To this end, we realize that the solution of Eq. (2.27) can be written

as

(at+7)) = (a@)e™? - ge /0T<5a(t )

— ge_’”/Q/ (Go(t +7))e " 2dr. (5.11)
0

21



Applying the large-time approximation scheme, we obtain from Eq. (2.29) the approxi-

mately valid relation

(0a(1)) = 7] (61(1)). (5.12)
We also note that
GO = G (oo (.13

Employing Eqgs. (5.12) and (5.13) in Eq. (2.30), we readily get

d . w,. n,.
Z(0(0) = =F{6u(t) — (1), (5.14)

where

L= 2v47+ 2(51 3 (5.15)
n o= —jfz%. (5.16)
We see that the adjoint of Eq. (5.14) is
Sl = el - Lo, (5.17)
From Egs. (5.14) and (5.17), one easily gets
T (mn + @) = LD (lw) + @), (5.18)
3 (@ - @) = - () - @) (5.19)
The solution of Egs. (5.18) and (5.19) are given by
(Gle+m)+@e+m)) = (@) + @ule)) e ez (5.20)

(Gl =@ +m0) = (G10) = @) e b2 (5.21)
Now subtracting Eq. (5.21) from Eq. (5.20), we obtain

(Go(t+7)) = (Gy(t))e”WHm7/2, (5.22)
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Taking the complex conjugate of Eq. (5.22), we have
(Gt +7)) = (Gy()e W2

We note that Eq. (5.12), can be written as

Golt +7) = g (ot + )

On combining Eqs. (5.23) and (5.24), we easily find

Q
Go(t+7)) = ———(5](t))e~tMT/2,
(0a(t +7)) 2(7+%)< b(1))
Moreover, from Eq. (5.12), one gets
. 20 +7) .
(Gi(t) = =5—(Ga()).

Q

Substituting Eq. (5.26) into Eq. (5.25), we see that
(Go(t + 7)) = (Ga(t))e W7/,
Now upon putting Eqgs. (5.22) and (5.27) into Eq. (5.11), we arrive at

(a(t+7)) = <d(t)>e_’”/2 — g(&a(t»e_m/?/ e~ [(ptm=rlr'/2 g0t
0

- g<&b(t)>€n7—/2/ 67[(N+77)*I€]T//2d7_/.
0

After integration, we obtain

e~ (wmT/2 _ efw/2>
K= (1 +m)

Gt +7) = (@a))e " - 29(6a(0) (

e—(utm)T/2 _ em/?>

- 2t (o

from which follows

e+ 1) = (a0} + (0] + ()]

- 2—g o & e~ (ptm)7/2
H_(N+77)(< a(t)) +(0u(1)) ) )
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(5.23)

(5.24)

(5.25)

(5.26)

(5.27)

(5.28)

(5.29)

(5.30)



The quantum regression theorem states that it is possible under certain conditions to

evaluate a two time correlation function employing the explicit form of a one time corre-

lation function, obtained with the aid of some equation of evolution such as the master

equation [1].

Now taking into account Eq. (2.28) and application of the quantum regression theorem

to Eq. (5.30) leads to

at(Ha e — ’i—ﬁe*(uﬁ?)f/?
@i+ =
- %e“@ (5.31)

Thus on substituting Eq. (5.31) into Eq. (5.10) and carrying out the integration, there

(n+m)/2n }

[(w = wp)? + (E51)?

(5.32)

follows
Plo) = = (1 +n)
(1 +mn)n
K—(pn+n)

(W= wo)? +(5)?

k/2m } |

Finally, upon introducing Eq. (5.32) into Eq. (5.7) and carrying out the integration,

applying the relation

A dr 1
/;)\ m = —tan ()\/OJ), (533)
we arrive at
ney = nz(A), (5.34)
where z()) is given by
25/ i 2
) = T i 2
K= (u+mn) p+n
2 2
K—(n+mn) K
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Fig. 5.1 z(\) Versus \.

From Eq. (5.35), we easily obtain z(0.5) = 0.65, z(1) = 0.85 and z(2) = 0.96. Then
combination of these results with Eq. (5.34) yields, nigs = 0.65n, ny; = 0.85n and
n+o = 0.96n. We therefore observe that a large part of the total mean photon number is

confined in a relatively small frequency interval.
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Chapter 6

Conclusion

We have considered a three-level atom in which the three-level atom available in the open
cavity is driven by coherent light from the bottom to the top level. We have carried out
our analysis by putting the vacuum noise operators in normal order and applying the
large-time approximation scheme. The procedure of normal ordering the noise operators

provides the vacuum reservoir to be a noiseless physical entity.

In the absence of spontaneous emission and based on the definition given by Eq. (2.35)
we infer that the three-level atom in the top or middle level and inside the cavity emits
a photon due to its interaction with the cavity light. We certainly identify this process

to be Stimulated Emission.

We have determined that the mean photon number for v = 0 is greater than for
v = 0.1. We have also established that like the mean photon number, the variance of the

photon number is greater when v = 0 than when v = 0.1.

We have obtained that the quadrature squeezing cross each other at the point €2 =
0.27. It is also found that when Q < 0.27 the quadrature squeezing for v = 0 is greater
than that of v = 0.1 and when € > 0.27 the quadrature squeezing for v = 0 is less than
that of v = 0.1. Moreover, we have found that the light generated by the three-level
atom is in a squeezed state, with the maximum quadrature squeezing being 43.42 % for

~v =0 and 42.22 % for v = 0.1, thus it is below the coherent-state level.

In the absence of spontaneous emission the mean, the variance and the quadrature
squeezing of the cavity light has found greater than in the presence of spontaneous emis-

sion.
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We have noticed that z(0.5) = 0.65, z(1) = 0.85, z(2) = 0.96. Then combination of
these results with Eq. (5.34) yields, nag5 = 0.657, ny; = 0.857 and 1o = 0.967. Hence
we can conclude that the large part of the total mean photon number is confined in a

relatively small frequency interval.
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