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Abstract

In this thesis, we analyze the squeezing and statical properties of light produced by degener-
ate three-level atom in a cavity coupled to squeezed vacuum reservoir via a port-mirror. The
three-level atom available in the cavity is driven by coherent light from the bottom to the top
level. Employing the master equation we obtain the differential equation of the atomic and
cavity mode operators. Applying the large time approximation to the time evolution of cavity
mode operator and using steady-state solutions of the expectation values of cavity mode and
atomic operators, we obtain the mean of the cavity photon number, power spectrum, quadra-
ture variance and quadrature squeezing of the cavity light.We have seen that the amplitude
of the coupling coherent light, the squeezing parameter, and the stimulated emission decay
constant have the effect of increasing both the global and local mean photon number. More-
over, we find that the quadrature squeezing of the cavity light increases with the increase of
the amplitude of the driving coherent light, the rate of the stimulation decay constant, and
squeeze parameter. The squeeze parameter and the amplitude of the driving coherent light
have the effect of enhancing the quadrature squeezing, with maximum squeezing of 58% for

r = 0.5 and 32% for r=0.
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Chapter 1

Introduction

Interaction of three-level atom with light has attracted a great deal of interest in recent
year[1,2,3]. In addition, some authors have studied the quadrature squeezing and statical
properties of a light produced by three-level atoms in which the crucial role is played by the
coupling of the top and bottom levels[1-7]. The coupling of the top and bottom levels are
responsible for the interesting non classical feature of the generated light. In general the
atomic coherence can be induced in three-level atom by coupling the level between which
direct transition is dipole forbidden by coherent light or by preparing the atom initially in
coherent supper position of these two level[1,7,8,9]. In three-level atom the top, intermediate,
and bottom levels are denoted by |a), |b), and |c) respectively, in which direct transition
between |a)and |c)is dipole forbidden[1,9,10,11,12]. When the three-level atom decays from
la) to |¢) via level |b) two photons are emitted. If the two photons have the same frequency,
then three-level atom is referred as a degenerate three-level atom, other wise it is referred
as a non degenerate three-level atom[3,13]. It has been estimated that a three-level atom
under certain condition generates squeezed light[13-16]. In this thesis we seek to analyze
the squeezing and statistical properties of light emitted by a degenerate three-level atom
whose bottom and top levels are coupled by coherent light and available in a cavity coupled
to squeezed vacuum reservoir via a port mirror. In order to determine the squeezing and
statistical properties of the light produced by the quantum optical system, we first drive
equation of evolution of atomic and cavity mode operators, applying the master equation.
Using the steady-state solution of the resulting equation, we calculate mean photon number,

power spectrum, quadrature variance, and quadrature squeezing.



Chapter 2

The Time Evolution of Operators

We here consider degenerate three-level atom driven by coherent light and in a cavity coupled
to a squeezed vacuum reservoir. The Hamiltonian describing the coupling of the top and

bottom levels of the atom by the coherent light is expressible as[1]
H, =i\(6le — éT6,), (2.1)

where ¢ is annihilation operator for driving coherent light, . = |c)(a| is atomic operator, and
A is coupling constant between driving coherent light and the a degenerate three-level atom.

With the driving coherent light treated classically, the Hamiltonian can be written as

~

H) =ie(6] — 6.), (2.2)

where € is constant proportional to the amplitude of the deriving coherent light. Moreover,

the interaction of a three-level atom with the cavity mode is described by the Hamiltonian[3]

Hy = iglota —a'o, +6)a — afa), (2.3)

where 6, = |b)(al, 6, = |c)(b|, are atomic operator, ¢ is the atom-cavity mode coupling con-

stant, and a is the annihilation operator for the cavity mode.
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Figure 2.1: Schematic diagram of coherently driven degenerate three-level atom in a cavity
coupled to squeezed vacuum reservoir

We denote the upper level by |a), the middle level by |b), and the lower level by |c), as shown
in Figure 2.1. The dipole allowed transition between level |a) and |b) and between level |b)
and |c) are resonant with the cavity mode[3,14]. The direct transition between level |a) and
|c) is dipole forbidden[1,3]. The interaction of three-level atom with the deriving coherent

light and the cavity mode can be described by the Hamiltonian

~

H =ie(6] — 6.) +ig(6la — alo, + 6)a — afoy). (2.4)

The master equation for the light produced by our quantum optical system expressible as[3]

dp . N+1
d—';_):—i[H,ﬁ]—i—%(?dﬁdf—d%p—pa%)
KN o kM . ro
+ = (2a'pa — ad'p — paa’) — == (2a'pa — ap — pa’)
M
— (200 — a%p — pa?), (2.5)

where k is the cavity dumping constant, p is density operators, and H is Hamiltonian. The

effects of the reservoir are incorporated via the parameters N = sinh?r and M = sinhrcoshr,

3



with r being the squeeze parameter. The time evolution of expectation value of an operator

A can be written in the Schrodinger picture, as[3,12]

~

d(A)

dp
= =Tr(SLA). (2.6)

dt

According to Eq. (2.5) and Eq. (2.6), the time evolution of the expectation value of the

cavity mode operator a can be written as,

% = TT(%&)

= iTr([H, pla) + Mﬂ@aﬁa*a —a'apa — pataa)

+ %TT(Z&T,@&Q —aa'pa — paa’a) — %Tr(?d*ﬁ&*d —a%pa — paa)

— %TT(%,@&z — a%pa — pa’a)

= —iTr(Hpa — pHpa) + WTT@&@}T& — a'apa — pa‘aa)

+ %TT(Q&T paa — aa'pa — paa'a) — %Tr(%ﬁpam —apa — paa)

— %TT(Z&,@&& — a%pa — pata), (2.7)
or

@ — —iZ + “<N2+ Yy, %Zg . %24 . %25, (2.8)

where

(2.9)

Next we evaluate these traces applying the cyclic property of trace and commutation relation

for cavity mode operator. We thus have



= ([a, H]). (2.10)

— —(a). (2.11)

Similarly

= (a). (2.12)

Moreover

= 0. (2.13)



And

Zs = Tr(2apa* — a*pa — pa*a)
= Tr(2pa® — pa® — pa®)

=0.

Substituting the results given in Egs. (2.10)-(2.14) in to Eq. (2.8), we get

d{a) e g K
ANy i
dt ¢

d(a? .
<d‘; ) _ —i([a®, H]) — k(@) + kM,
d(ata .
<Zta> = —i([a'a, H]) — k(a'a) + &N,
d{aat .
<Z? ) _ifaat, A1) — k(aa") + 5N + k.

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

We seek to obtain the equation of evolution for the expectation value of atomic operators

with aid of Eqgs. (2.5) and Eqs. (2.6). We thus see that

d(6a) dp .
T 7, Y%a
dt (G %)
- _ZTT([ﬁa p]aa)
k(N +1
+ ( ; )7 (2apa‘e, — a'aps, — pa'ac,)
kN kM
+ TTT(Q&T,éd&a —aa'pé, — paate,) — TTT(QaT,aaT&a —ap6, — pat?s,)
kM
- TTT(Q&,@@'G — a*p6, — pac,), (2.19)
or
d{6, , k(N 41 kN kM kM
<dt ity + %LQ tolem 5l 5L (2.20)



where

Ly =Tr([H, pl6,)

Ly = Tr2(2apa'6, — alape, — pa‘asc,),

Ly = Tr(2d' pac, — aa' po, — paa's,),
Ly =Tr(2d' pa'6, — a?pé, — pats,),

Evaluation of the above traces results in

Moreover

A

Ly = (|64, H]),

L2:O7
L3:O7
L4:O7
L5:O

Substituting trace fromZ; up to Lj into Eq. (2.20) we obtain

Aoy -
Lol — —i((6u, H).

In similar manner, one can establish that

Aoy
o) — —il(on, 1),
d(&c) o TN 2
el — —iflo, ),
d<ﬁa> _ A ]
Dol — i, ),

(2.21)

(2.22)

(2.23)

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)



= —u(|ny, H 2.31
dt Z([nb’ ]>’ ( )
d<776> . 2
— —illh., H)), 9.32
e — i, ) (2.32)
where 17, = |la >< a|, 7, = |b >< b|, and 7. = |¢ >< ¢| are atomic operators representing

the probability of finding the atom in the upper, intermediate, and bottom level respectively.
Employing the Hamiltonian specified by Eq. (2.4) in Egs. (2.15)-(2.18) as well as in Eqs.
(2.27)-(2.32), the time evolution of the expectation values of cavity mode and atomic operators

are expressible as

% = —5(@) — 9((6a) + (&), (2.33)

d<diz> = —r(a®) — g((a6a) + (040) + (a6s) + (6va)) + kM, (2.34)
UEG)  _ata) — g((01a) + (@10) + (a]) + (a1on)) + kN, 035
‘“Zf D —r(aat) — g((a6]) + (6aa") + (a6)) + (64a)) + KN + K, (2.36)
dft“) = g((Mpt) — (Aatt) + (a6.)) + €(6}), (2.37)

W) o (3) — (i) — (07) — e, 2.38)

d<d&tc> = 9({00) = (0a0)) + €((e) = (la), (2.39)

U0 ((51) + (6) + 9((01) + @), 010

W) — _g(ioha) + (o) — (alen)). .41)

diZc> = —e((d2) +(01)) — g((a'an) + (5]a)). (2.42)



The quantum Langevin equation for the cavity mode operator a can be written, based on Eq.

(2.33), as

O o glout o)+ f0) (243)
where f (t) is a cavity mode noise operator whose correlation properties remain to be deter-
mined. It is clear that the expectation value of Eq. (2.43) is equal to Eq. (2.33) if (f(t)) = 0.
We observe that Eqs. (2.34)-(2.36) and Eqgs. (2.37)-(2.42) are nonlinear coupled differential
equations and hence it is difficult to obtain their time-dependent solution[3,4]. We thus apply

the large time approximation scheme to Eq. (2.43) and write its solution as

29

2 4
a(t) = ——=(6a + 0p) + —f(2). (2.44)
K K
It then follows that
. 29 .
(a(t)) = ——=({Ga) + (o). (2.45)
and
2 2 .
al(t) = —Fg(&; +6}) + (). (2.46)
Substituting Eq. (2.44) into Eq. (2.34), we obtain
d(a? 2g?
S; ) _ —r{a®) + %(((&a +63)04) + (Ga(+6a + 03)) + (G0(Ga + Gb) + KM

= —r(a%) + 27g2(|b><a!b><a| + |c)(blb) (al + [b){alb)(a| + |b){alc)(b] + |c){b|b)(al
+ |e)(blc)(b]) + kM

= (%) + 2L ([} al +[e) al) + 5]

= —1(a%) + 2 (5.) + KM, (2.47)

where (4)(0a) = [b)(alb)(a] = 0,
(0a){(00) = |b){alc) (b] = 0,
(00)(0a) = |c) (b[b)(al = (oc),
{00)(0s) = [c)(ble){(b| =

Following the same procedure, we find that

i'a ?
d<dt ) _ _wtata) + 4%((771» + (1)) + KN, (2.48)




aa'y + —— () + () + kN + k. (2.49)

(2.50)

Utilizing the results 7,6, = 04, M0y = 0, 7,0, = 0, 1,6, = 0, we can express Eq. (2.50) as

d{6.) _ 2¢%, . 3 .
Ol — 20 (60) + (6) + (6]
(2.51)
or
d(0, . .
<dt ) _ —e(Ga) + (b)), (2.52)
where the parameter defined by ~. = % is called stimulated emission decay constant.
Following a similar procedure, we readily obtain
d{c Ye . n R .
Ol — 2 (o)~ 2(60)) (o). (2.53)
d(o. Ve /1 A A
Ol — o)+ el — {au)), (2.54)
d{7a . ) .
el — e({o) + (62)) — el (2.55)
d(7p . R
) ) — (), (2.56)
d{7)e . ) .
Ue) — () + (51) + 2l (2.57)



The steady-state solution of Eq. (2.47), Eq. (2.48), Eq. (2.49), Eq. (2.52), Eq. (2.53), Eq.

(2.54), Eq. (2.55), and Eq. (2.56),can be written, respectively, as

<A2> = ?«35) + M,
(@) = 5 (bh) + 04) + N,
(@a') = () + (1) + N+ 1,

")/C
(63) = 2(64)) — %Cwb,
(60) = %c«m (),

(65 == (ov),
51 = 2(61)) = 2 (5,).
(03) = 2(63)) vc< a)

{ob) = %< b) ~ )2 (0b),
and its complex conjugate is
2e 2¢2
(0) = ={Gp) = ("),
Ye Ve )

(2.58)

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)

(2.64)

(2.65)

(2.66)

(2.67)

(2.68)

(2.69)



Subtracting Eq. (2.68) from Eq. (2.69), we obtain (4,) = (&), so that Eq. (2.61) becomes

(6a) = %<0b>>
and

sy = St

(o) = (o)

Moreover, substituting Eqgs. (2.70) and (2.71), in to Eq. (2.62), we get

(gp) = 0.
Putting Eq. (2.72) in Eq. (2.61), we have
(dq) = 0.

Employing Eq. (2.65)along with the relation

we see that

(2.70)

(2.71)

(2.72)

(2.73)

(2.74)

(2.75)

On the basis of Eq. (2.63), we notice that ¢, = 7. Taking this in to account and combining

Egs. (2.63), (2.64), and (2.75), we obtain

() = 4¢?
el = 72 4+ 12¢%’
which with the aid of Eq. (2.65) leads to
~ 42
k= e
Next substituting Eq. (2.76) into Eq. (2.75), we get
. 72 + 4€?
{e) = 553"
vé + 12¢

In addition, using Eq. (2.76) and Eq. (2.78)in Eq. (2.63), we have

2€7,

(0c) = 11

12

(2.76)

(2.77)

(2.78)

(2.79)



Now substituting Eq. (2.72), and (2.73) into Eq. (2.45), we obtain

(@) = 0. (2.80)

Putting Eq. (2.79) into Eq. (2.58), we find

(a®) 207 + sinhrcosh (2.81)

= ———<%—— + sinhrcoshr :
k(72 + 12€2) ’

42 26%2 .

(a") = + sinhrcoshr. (2.82)

K72+ 12¢%)

2.1 The Correlation properties of the cavity mode noise
operators

Upon substituting Eq. (2.43) and its conjugate in to the relation

(data) (da' . (alda)

Tl (2.83)
we obtain
(da'a) _ ot 516 4 (518 + (66 its At ot
o = —lala) — g({6aa) + (6ya) +{a'6a) +(a'6)) + (@' f(8)) + (@' f(t)).  (2.84)

Comparing Eq. (2.48) with Eq. (2.84), we obtain
(@' f(6)) + (f'(t)a) = xN. (2.85)

The solution of Eq. (2.44)can be written as

— Kkt ~

a(t) = a(0)e s + /0 t 5 (“g(6y(t') + 5a(t')) + F(1))dt'. (2.86)

Multiplying Eq. (2.86) from the left by ff(¢) and taking the expectation value of the product,

we have

—k(t—t) ~ ~

<f*(t)d(t)>=<ﬁ(t)d(0)>e2’“+/06 = (—g((fT(Da(t) + (FT(D)5a())) + (F1() F(E)dt.
(2.87)

13



Since the noise operators should not affect cavity mode and atomic operators at earlier times,

we can write

(F1(0)6) + (f1(#)(6a) = (fT())(6s) + (f1(£)(64) = 0, so that Eq. (2.87) can be put as

@mew—l =D ) F )t

Following a similar procedure, we readily obtain

—n(t t )

@Wﬁwwz/ G Fnr.

0

Combination Eqgs. (2.88) and (2.89) with Eq. (2.85) leads to

A ””%ﬁmﬂ>ww+/e“?%ﬁWM@»wznm

0

and assuming (f1(¢)f(t)) = (f1({#)f(t))), we obtain

[ pwiena =",
0 2

(IO f () = kNt —t).

In a similar manner, it can be verified that

(FEF1 (@) = m(N +1)é(t — 1),

(JE) 1) = wMb(t — 1),

14

(2.88)

(2.89)

(2.90)

(2.91)

(2.92)

(2.93)

(2.94)



Chapter 3

Photon Statistics

Here we investigate the statistical properties of the light generated by coherently driven
degenerate three-level atom in a cavity coupled to squeezed vacuum reservoir via a single
port mirror. In light of this, we evaluate the mean of the photon number and the power

spectrum of the cavity light.

3.1 The mean photon number

Employing Eqgs. (2.76) and (2.77) in (2.59), the steady-state cavity mean photon number is

expressible as
e, 8¢
n=-—(————
k2 4+ 12€?
Moreover, substituting Eq. (2.77) and Eq. (2.78) into Eq. (2.60), we obtain

2 2
AAT\ 70(86 +’YC) . 2
<aa > = W + sinh“r + 1. (32)

We see from Eq. (3.1) that the steady-state cavity mean photon number depends on the

) + sinh’r. (3.1)

amplitude of the coupling coherent light, stimulated emission decay constant (7.), cavity
dumping constant, and the squeeze parameter. If there is no driving coherent light(e = 0)

the steady-state mean photon number becomes,

n = sinh’r, (3.3)

which is the mean photon number of the cavity mode coupled to squeezed vacuum reservoir.

For a cavity coupled to vacuum reservoir (r = 0), the mean photon number reduces to

e8¢y (3.4)

"= Gre

15



or

8
12 4 (1=)?

J— f)/C
= ). (3.5)

We observe from this result that coherently driven three-level atom in a cavity coupled to

vacuum reservoir emits light as the result of stimulated emission due to its interaction with

the driving coherent light.

[ — T T T T T T T 7
0.6 ]

S .

n4f

e

03f 3

olf

ook

Figure 3.1: Plot of steady-state mean photon number[Eq. (3.1)] versus ¢, for k = 0.8, r = 0.5,
and v. = 0.5

From Figure 3.1 we see that the mean photon number increases with the increase of the values

of amplitude of driving coherent light (e).

A B
03
n4af /.»"J J
0.2 - ]

.--"-'.F'.
01 g
00kc ] A ] I
0.0 0.1 0.2 03 0.4 ) 0.6 0.7

Figure 3.2: Plot of steady-state mean photon number versus ~. for k = 0.8, and r = 0.5,
e=0.5

From Figure 3.2 we see that the mean photon number enhances with stimulated emission

16



meGan

Figure 3.3: Plot of steady-state mean photon number versus r for k = 0.8, ¢ = 0.5, and
Yo = 0.5

decay(7e)-

From Figure (3.3) we see that the mean photon number enhances with squeezed parameter(r).
Generally, the plots Figures 3.1, 3.2, and 3.3 show that the values of amplitude of driving
coherent light (¢), stimulated emission decay(7.), and squeeze parameter(r) increase mean

photon number of the cavity light produced by the system.

3.2 Power spectrum

In nearly all cases the frequency of a single-mode light is not sharply defined[3]. In general
there is some variation about the central frequency [1,3]. In this section we want to evaluate
the spectrum of the mean photon number usually known as the power spectrum of light emit-
ted by coherently driven degenerated three-level atom represented by cavity mode operators

a and af. The power spectrum of a single mode light with central frequency w, is expressible

as [3,12]
1 [ A
Pw) = 2—/ (@' (t)a(t + 7)) s @) dr, (3.6)
m —00
Upon integrating both sides of this equation over w, we see that
/ Pw)dw = / R (3.7)
—o0 —o0 T J -
and in view of the relation
1 [ .
i(1) = —/ e“Tdw, (3.8)
2r J_ o



we find that

/OO P(w)dw = /OO (@' (t)a(t + 7)) e 76(7)drT, (3.9)

—00 o0

which with the aid of the relation

/ T H@)s(@)de = £(@)]os, (3.10)

becomes
/_OO P(w)dw = {(a'(t)a(t))ss, (3.11)
/OO P(w)dw = 7. (3.12)

Based on the result described by Eq. (3.12), we observe that P(w)dw is the steady-state mean

photon number the frequency interval dw [3]. Rewriting Eq. (3.6) as

1 0 ) 1 0 .
P(w) = Py / <dT(t)d(t + T))SSGZ(W_“"’)TdT + by (dT(t)d(t + T)>Ssez(”_w")7d7' (3.13)
e 0

by replacing 7 by —7 and then t by ¢t 4+ 7 in the first integral, we obtain

1

"o

/ (a7 (t)a(t — 7))see @ @) Tdr + —
0

Plw) 2m Jo

(@' (t)a(t + 7)) dr,  (3.14)

The first term is the complex conjugate of the second term .

Hence the power spectrum can be express as,

P(w) = L e / oo<eﬁ(t)&(t + 7)) gs€ T, (3.15)

0

where Re stands for the real part of the integration. We proceed to determine the two time
correlation function that appear in Eq. (3.15) for the cavity light. Taking Egs. (2.72) and

(2.73) into account, we can write the solution of Eq. (2.33) as

—k

(a(t +71)) = (a(t))e=". (3.16)

Apply the quantum regression theorem to this equation, we obtain

—K

(@' (t)a(t + 7)) = @' (t)a(t))e=". (3.17)
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Substituting this result in Eq. (3.15) and performing the integration, the power spectrum for

the cavity light is expressible as

K/2m
P =n . 3.18
(w) n[(w mREw (/@-/2)2] (3.18)
In view of Eq. (3.12) the local mean photon number in the interval between w’ = —\ and
W' = A is expressible as[4]
A
oy — / P, (3.19)
-\

in which w —w, = W'.

Substituting Eq. (3.18) in to Eq. (3.19) and carrying out the integration applying the relation

A
dx 2 A
/)\ m = ECL’I"CtaTL(g), (320)
we arrive

niy = (2n/m)arctan(2)\/k). (3.21)
0.07 [ — . — ————
006 | H/’H
005 yd ’ 3

DO3E

LR

DOLE

UL

Figure 3.4: nyy versus A, for K = 0.8, ¢ = 0.9, r = 0(blue) and r = 0.2(red)

Figure 3.4 show that the local mean photon number increases with the squeeze parameter r

and frequency interval .
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Chapter 4

Quadrature Squeezing

In a squeezed state the quantum noise in one quadrature is below the coherent state level at
the expense of enhanced fluctuations in the conjugate quadrature, with the product of the
uncertainties in the two quadratures satisfying the uncertainty relation[1,3]. The plus and

minus quadrature operators are respectively defined as

i, =a' +a, (4.1)

a_ =i(a' —a). (4.2)

The variance of the quadrature operators are expressible as,
(Dag)? = (ad) — (as)™. (4.3)

Substituting Eq. (4.1) and Eq. (4.2) in to Eq. (4.3), we get

(Aay)? = (a'a) + (aa’) + (a™) + (a%), (4.4)

(Na_)? = (a'a) + (aa’) — (@) — (a?). (4.5)

Substituting Eqs. (2.80)-(2.82), and(3.1)-(3.2) in to Eqgs. (4.4) and (4.5), we easily get

16€* + 72 + 2e,

e 1 2 ] + 2(sinh*r + sinhrcoshr) + 1

(Bay)? = 1]

Ve 16€” + 97 4%, o
Sl ey ITC o

20



16€* + v2 — 4e,
Na._ 2:k c c
(Ba) = e
:k[1662+73—46%
K 12€2 + ~2

] 4 2(sinh*r — sinhrcoshr) + 1

] +e 2. (4.7)

The quadrature variance of the cavity mode in a vacuum state is obtained by setting r = 0

and € = 0 in Eq. (4.7). It then follows that

(Aa_)? = % Tl (4.8)

Figure 4.1: Plus quadrature variance(Red), minus quadrature variance in vacuum level(black)
and minus quadrature variance(blue) versus ., for e = 0.5, Kk = 0.8, r = 0.5

From the plots in Figure 4.1, we see that the cavity light is in squeezed state and the squeezing
occurs in the minus quadrature. The quadrature squeezing(S)of the cavity light relative to

the quadrature variance of the cavity vacuum is defined as

(Aa_)2 = (Ba)?

S = (UAa_)g : (4.9)
where (Aa_)? is the quadrature variance of vacuum light.
Substituting Eq. (4.7) and Eq.(4.8) in to Eq. (4.9), we obtain
g 4v2e — 4e*y. — 26(12€® + %) (sinhrcoshr — sinh?r)
(12€2 +72)(Ye + %)
_ 4y2e — 4y, + k(1262 +92)(1 — e ?") (4.10)

(12€2 +92) (Ve + k)
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Figure 4.2: Plot of squeezing(S) versus e, for k = 0.8, r = 0.5(blue), r = 0(red) and 7. = 0.5

Figure 4.2 shows that the degree of squeezing increases with the amplitude of the coherent
light coupling the levels of the atom and the maximum squeezing is 58% for r=0.5 and 32%

for r=0 below the vacuum level.

Figure 4.3: Plot of squeezing(S) versus r, for k = 0.8, ¢ = 0.5 and v, = 0.5

The plot in Figure 4.3 indicates that the increase of the squeeze parameter enhances squeezing.
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Figure 4.4: Plot of squeezing(S) versus 7., for k = 0.8, ¢ = 0.5, and r=0.5

Figure 4.4 indicates that the increase of emission decay( v.) enhances squeezing. We notice
from the plots in Figures 4.2, 4.3 and 4.4 the degree of squeezing of the radiation increases
with the increasing of the amplitude of the coupling coherent light, squeezed parameter (r),

and the stimulated emission decay constant.
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Chapter 5

Conclusion

In this thesis, we have studied the squeezing and statistical properties of cavity light generated
by degenerate three-level atom whose top and bottom levels are coupled by a driving coherent
light; and available in a cavity coupled to squeezed vacuum reservoir. Employing the master
equation for the system, we obtained the cavity mode and atomic dynamic equations. With
the use of the large time approximation and steady-state solutions of the dynamic equations,
we have calculated the global and local mean photon number, and the quadrature squeezing of
the cavity light. Our results have shown that the mean photon number increases with increase
of the amplitude of the driving coherent light, the squeeze parameter, and stimulated emission
decay constant. Moreover, the local mean photon number increases as the frequency interval
increases. We have also found that the cavity light is in a squeezed state and the squeezing
occurs in the minus quadrature. The plot in Figure 4.2 demonstrated that the squeeze
parameter and the amplitude of the driving coherent light have the effect of enhancing the

quadrature squeezing, with maximum squeezing of 58% for r = 0.5 and 32% for r=0.
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