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Abstract: In this work the plasma hydrodynamical equations are exploited to explain the physical constraints under

which amplification takes place. It is shown that lasing takes place in plasma in condition of concentration of electrons

is less than the equilibrium concentration. In addition the amplification transpires when the internal field is stronger

than the external applied field.
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Introduction

without inversion. The role of polarization in
amplification is also  discussed in  some
papers[10,11].In this work the hydro-dynamical
equations for plasma is used to find the electric
susceptibility. The electromagnetic theory is used to
relate susceptibility to amplification factor and the
conditions under which lasing takes place is
discussed.
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Laser technology plays a vital role in our day life.
Beside its application in telecommunication and
quantum computer, laser has been used in
medicine.The important role played by laser in
technology motivates us and many authors to search
for a new mechanism for light amplification without
inversion [1-7].Such a new mechanism makes it
possible to discover new laser types which can be
applied in new fields and technologies[8,9].

Many attempts are made to search for new
amplification mechanism. In some of them special

relativity is consumed for predicting new mechanisms
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The Role of Susceptibility and Conductivity in Amplification

The electromagnetic wave in any medium can be described by [12,13,14].
E=E ¢'®&™ (1)

In any polarized material the polarization vector P takes the form [4]
P=¢,xE )

And the electric flux density assumes the following relation [17]
D=eE=¢,(1+x)E=¢,E+P 3)

Hence the electric permittivity € is given by
e=¢,(1+x) (4)

If it happens that, the electric dipole subtends an angle @ = (kx — at) ,with respect to the external field E the electric

susceptibility can bewritten as a complex quantity as
P=YE=( +ix,)E (5)

Therefore,stakes the form
g +ie, =g, +¢&,(y, +iy,) (6)

As a consequence, the related refractive index (n) becomes a complex quantity
. c
n=n, +in, =—=c4 UE(7)
14

n} —n; +2nn,i=c’ue
Hence,
2 2 . 2 .
nl —n3 +2nn,i=cule +ie,)
To this end one has

2_

nl—n;=c’ue =c’ue,(1+yx,) , 2nn,=c’ue, =c’ue,y,8)

Bearing in mind that, the wave number k is given by

k=27”=2”7f=?n=k1+ik2 =%)(n1+in2)(9)
Utilizing (6), (8) and (9) one gets

« (73 cE MW
k=% 0k, =%n, k=82
C C

X, (10)

1
By substituting equation (9) in equation (10) one finds
_ 0 kez i(kiz+ax)
E=E. e (11)
Accordingly, the intensity inside the matter is given by

I = 106’8Z (12)

By comparing equations (11) and (12), the gain coefficient can be given by
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The gain coefficient can be related to the conductivity by using the relation between current density J and polarization

vector P where

oP J0E,e'™ . _
J 2526‘0;{ gt =iwe,YE = we,(iy, — X, E (14)
On the other hand, the conductivity is defined by
J=ok=(0, +io,)E (15)

Comparing (14) with (15) yields
0, = —wégyxando, = weyy,(16)

Thus according to (13) and (16),the gain coefficient takes the form

lonic waves in plasma

ﬁ: ,UCO'I

n

(17)

1

In the presence of electric field the equation of ions in plasma obeys the fluid equation [15]
ov
mn| a—+vVv =enE—- VP (18)
t

With v, n, m and E standing for, velocity of ions, ions number density, fluid mass density and total external electric field
applied on the system,respectively.

Where the pressure is P = nk T in case of constant temperature, the pressure gradient takes the form [8]

VP =k,TVn (19)

The motion of heavy ions in plasma generates low frequency. To obtain this frequency one assumes that the density
of ions is equal the density of electrons. Thus equation of fluid in electric field becomes:

m- n{%—v +0V v,] =enE — y VP =enkE — % ,T;Vn (20)
t

WhileP stands for the pressure of the system which opposed the external force enE. Thus the force exerted by this
pressure apposes also the external force. The concentration gradient —Vn s in the direction of E. This means that
the concentration decreasesdue fields' direction.
E=—V¢=—a—¢=—%(21)

ox ox
As the velocity of ions in the fluid is very slow, we can neglect the second order terms in equation (20), and using
equation (22)we can find:

v, g an
St =en<t —yk,T
mnat enax }/xBx

To solve this equation, one can uses perturbation method. The perturbed terms assumed to represent standing waves

- (22)
x

in the form
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_ o i(kx—ar) _ ~ i(kx—ar) _ 7 i(kx—ax)
v, =ve ,n, =ne ,P=¢e (23)

Where the equilibrium values ¢, and n remain constant and v vanished [9].
Equation (22) can be solved by using perturbation method.

Where,
V.=V, +0 =,
P=+a
n=n,+n (24)
Thus, equation (22) reads
m-no%:eno(’)—il—}/ICBT%—Z1 25)

By substituting of equations (23), (24), in equation (20) one finds:
—imn,@v, = ienoké); — ik, Tn, & mn,ow, = kyk,Tn, — enoké (26)
Hence the velocity is given by:

= GHk T —endd)
mn, @

According to equations (23) and (1) the displacement x is given by

: v, v : v (28)
i(kx—at) __ 1 i(kx—wt) __ 1 i(kx—at) __ 1
=Lk = T p itk - 0|

x:vlje -
10 [0) N [0) N

On the other hand, equation (21) and (23) give the electric field intensity E as

E= 9 _ —ik@e' " = Ee/™ (29)
ox

This implies

E, = —ik®, (30)

The polarization vector P is related to the displacement x and the density of the atoms N according to the formula
P = eNx (31)

Utilizing equation (28),in equation (31) the polarization becomes:

ieNv,

©E,

P=

E (32)

Comparing equation (32) with the equation (5) and utilized equation (30) the electric susceptibility y takes the form

_ ieNv, _- eI\iv1 (33)
COEO ai(¢1

Employing equation (27) equation (33)becomes:

_ (enoﬂ - kBTWH)eN _ eN {e_ kBT%} (34)

mnka’ @, mae’ n,®,
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The electric field described by (10) and (11) can be also considered as the fieldgenerated by an imaginary potential,
entails of a real part E; in the direction of the external field beside an imaginary part E; perpendicular to the applied
external field , i.e

E,=E, +iE, = —ik®, = —ik (a, +ia,)= ka, —ika,, (35)

Therefore,

El = k612 , E2 = _kal (36)
Utilizing equation (36) in(34) and splitting x to real and imaginary parts the equation take the form:
eN {e— kBT}/ﬁl(al—iaz) }

2

mao no(a1+ia2)(a1—ia2)

eN {e_ k,Toia, ikBT}/ﬁlaz}

X tix, =

2 2 2 2
ma no(al +a2) n()(al +a22) (37)
Thus the imaginary part ofxbecomes
— }/FilTkBGZ _ 7kBT i.E. (38)
2( 2 2 ) 2 2 2 11
n()mw (al +a2) n()mw (al +a2)

Substitute equations (35) in equation (13), the gain coefficient take the form:

ﬁ _ _|: cgo,lla):”: 7'kBT ):|ﬁlE1 (39)

201 2 2
n, nyma (a1 +a;

Conclusions

The classical electromagnetic theory and the quantum mechanical theory shows that, lasing can take place in a
medium, if the concentration n is less than the equilibrium one. Amplification takes place when the external field is in
the direction of increasing of n.

According to equation (39) the amplification takes place if £)0.To satisfy this condition 7, :—|ﬁl| if 7, is

. . . - ~ | i0 .
negative. In such a case must be achieved the following conditionn = n, +n, =1, —‘nl‘el . This means that, the

perturbed value n is less than the equilibrium one n,. This condition can be well understood as far as the equilibrium
value n, corresponds to the ground state, while the perturbed value corresponds to the exited state, in which the lower

state with the population is less populated due to the pumping process in which |ﬁl| particles leave it to the upper
state. Lasing takes place when these particles return back to the lower state. Thus the number of emitted photons is
proportional to|ﬁl|. This is in complete conformity with relation (39) where (8 is proportional to|ﬁl|. Amplification can

also be satisfied if E; in equation (39) is negative. Also the amplification increase by increasing the fluid temperature
and that is true because the higher temperature lead to greater of ionization. In view of equation (20) this means that
the external field should be in the direction of the increasing of the positive ions Vn . In this, case the number of

emitted photons from excited atoms increasing in the direction where n is increasing.
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