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The Effect of Atomic Motion and Detuning Parameter on the
Statistical Properties of the General JC Model with Kerr-Like Medium

A.S. Arife Hussein and S. Korshe

Department of Mathematics, Faculty of Science, Egypt

Abstract: We study the interaction between filed model electromagnetic field mode a moving two-level atom
in Kerr-Like medium when the atom is prepared initially in momentum eigenstate. The entropy behavior of filed
in treating with two-level atom, are studied. The influence of the atomic motion on evolution of Von Neumann
entropy is examined. The result show the effect of detuning and Kerr-Like medium by atomic motion play
important roles in the evolution of the Von Neumann entropy.
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INTRODUCTION We consider  in  an  ideal  cavity  the  interaction  of a

The Jaynes-Cumming Model JCM [1] describing the radiation field as
interaction of a single two-level atom with a single (1)
quantized cavity mode of radiation field is one most
frequently used model in quantum optics. The JC model The  Hamiltonian    of    RWA    of    this   Model
has received a great deal of experimental as well as
theoretical attention in the last few year. A Kerr-Like
medium inside the cavity can be modelled by anharmonic
oscillator [11], physically the JC model with Kerr-Like
medium may be realized as if the cavity contains two
different species or Rydberg atom. Our aim in this paper
is to study the effect of the Kerr-Like Medium and
Detuning parameter . The Von Neumann [4] has been
applied in particular as measure of quantum decoherence,
photo count statistical and quantum noise [3]

The aim of this paper is to examine the influence of
atomic motion on statistical properties. Section 2 we
present the intensity dependent coupling Hamiltonian in
General JC model to describe the interaction between two
level atom and one mode cavity. By using the Schrödinger
equation we obtain the wave function when the atom is in
the excited states. in section 3 we calculate the Von
Neumann entropy and statistical prosperities in the last
section we study result and numerically calculations.

Description of the Model and Dynamic Solution: We
consider a two level atom interaction with filed mode
cavity  with  excited  and  ground  state ,
respectively in energy m-quanta of the electromagnetic
field.  In    the    rotating    wave   approximation  RWA.

two-level atom with a field mode of inhomogeneous

(with c = h =1) can be written as [7].

(2)

Where  P  and  r the momentum and position operator 
is the propagation vector, ,  atomic energy levels.  is0 1

coupling constant between the atom and field. the field
creation (annihilation) operator  and  is the
dispersive part of Kerr- Like medium,  are ground and
excited operator,  are the raising (lowering) operator,
is shape function of cavity field mode Ref[3] the atomic
motion can be in corporate in to the system through
f(z) f(vt) Where v is the atomic motion velocity this regard
the Transformation TEM  is defined as [5-6].map

F(z) = sin [p vt /L] (3)

Where p is the number of half-wavelengths L. the
operator R,R  are given by the relations

(4)
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Where  being the real function of photon number
 and  which the well-known bosonic

operator [9] is. We assume that initially the two-level atom
is  it,  its  upper  state and this cavity field. The coherent
q  is given byn

(5)

Under this condition the state vector of this model
can be written as

(6)

Where expression A and B represents the
probabilities is given by [7]

(7)

Where

(9)

Where  detuning parameter, k /2M recoil energy2

and Doppler shift which k.p/2M by the wave function
| (t)  calculated any property related to this atomic
system can be calculated where f(z)  sin(p vt/L) with

(10)

The  atomic  motion  velocity  has been consider as
v = L/  as

(t) = (L/p v)(1 – cos(p vt / L). (11)

The atomic inversion W(t) takes the form

W(t) = A|A  – B|B (12)

Fig. 1: a in  = 0

Fig. 1: b  = 10

Fig. 1: c  = 15

The atomic inversion has been studied in numerical
expression in last section with Fig. 1.

Field Entropy von Neumann Entropy: In this section, we
use the field entropy as a measurement of the degree of
entanglement between the field and the atom of the
system under consideration. The quantum dynamics
described by the Hamiltonian (1) leads to an entanglement
between the field and the atom, which will be quantified
by the field entropy. A suitable diagnostic tool is the
entropy.

S = – Tr{  ln }, (13)

Where  is density operator for a given quantum
system.

The eigenvalue  as discussing of the reduce field±

density operator as discussing in [10]. By applying this
method, we can obtain the eigenvalues for the reduced
density operator thus.
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Fig. 2: a  = 0 Fig. 3: a  = 0

Fig. 2: b  = 10 Fig. 3: b  = 10

Fig. 2: c  = 15 Fig. 3: c  = 15

Fig. 2 in p=2 in deferent case of Fig. 3-4 we plot the entropy Eq (14) of the field against the

S  = –[  ln  +  ln ], (14)  = 1  with the  different   =0,10,15 and also p=1,2f
+ +

And the eigenvalue  is given by±

 = A|A  ± exp (± )| A | B (15)±

Where

(16)

We can calculate A|A , B|B  and A|B  by the A and
B state eq (7-8).

time  in  absence of Kerr-Like Medium and photon number

Fig. 3 where p= 1,  = 0 and different 

Now we  turn  our   attention   to  examine
numerically  the  dynamics  of  the field entropy and
discuss the analytical solution given in the above
sections  of  the  present  system.   As   an  initial
condition and for our plots we have taken the coherence
parameter .

Numerical Results and Calculations: In this section we
study the numerical, Fig. 1 we plot the atomic inversion
W(t)  given  by  Eq.  (12)  for  the  initial  average  photon



30n =
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Fig. 4: a  = 0 Fig. 5: c  = 15

Fig. 4: b  = 10

Fig. 4: c  = 15
Fig. 4:  where p= 2, = 0 and different Fig. 6: b  = 10

We study the effect of Kerr-Like with  =.4 and we
take different case of p and 

Fig. 5: a  = 0

Fig. 5: b  = 10

Fig. 5 where p= 1,  =.4 and different 

Fig. 6: a  = 0

Fig. 6: c  = 15
Fig 6 where p= 2,  =.4 and different 

number  and different value of the field mode
structure p=1,2 where  is the coupling constant in
different =0,10,15 and =.01 in =1, Fig. 1 in p=1 in
deferent case of .

CONCLUSIONS

In  this  paper we studied the interaction between
two-level atom and field cavity mode in m-quanta in a pure
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momentum eigenstate in the present Kerr-Like medium 8. Abdalla, M.S., M.M.A. Ahmed and A.S.F. Obada,
and atomic motion. The effects of atomic motion and 1991. Physica A., 170: 393.
Detuning parameter on the field entropy are investigated. 9. Buck, B. and C.V. Sukumar, 1981. Physical Review
Also  we  have discussed the dynamic properties of the Letters, 53: 1932.
m-quanta  transition in a two-level atom and in special 10. Phoenix, S.J.D. and P.L. Knight, 1990. Journal of the
case where m=1 we are studied the entropy and atomic Optical society of America B., 7: 116.
inversion the result is plot by Mathmatica package 5.2 in 11. Vogel W., De Matos and R.L. Filho, 1995. Phys. Rev.
different case of Kerr-Like medium and atomic motion. A., 52: 4214.
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