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ABSTRACT

The population inversion is required to overcomsaption and to achieve lasing with inversion hutcase of
lasing without inversion absorption is cancelled the processes of quantum interference. In thikwao analysis
of the two process has been made using the phewmonoéispatial hole burning of semiclassical theofyaser.
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INTRODUCTION

The population inversion is a necessary conditardser actionWhen light incident on a material medium causes
absorption, spontaneous emission and stimulateds@mi of photons. Stimulated emission is much teas the
spontaneous emission and the absorpfidre population inversion is required to overcorbsaaption to achieve
lasing with inversion [1] but in case of lasing mdut inversion [2-7] absorption is cancelled viea ffrocesses of
quantum interference [].The phenomenon spatial Hmlening appeared in semiclassical theory of laser
responsible for gain suppression in laser cavibe phenomenon of spatial hole burning [8-12]remamsffected

in lasing without inversion as appeared in semgitad theory of laser[].In this work an analysistioé two process
has been made using the phenomenon of spatial tholeng of semiclassical theory of laser and preval
schematic representation of spatial hole burnirmgihg with inversion and Lasing without inversidtis fact has
not been discussed in earlier work.

LASER ACTION:

“LASER” is an acronym for “Light Amplification by 8nulated Emission of Radiation.”The laser is atigource
that exhibits unique properties such as directipnaimonochromaticity and coherence. These progeréasily
distinguish the laser from any other source oftligbnce has found a wide variety of applicationamiadern
technology. In order for a laser to produce an wiytmore light must be produced by stimulated eimisthan is
lost through absorption. For this process to ocmwore atoms must be in upper energy lghahn in lower level
which does not occur under normal circumstancés ptocess is called “population inversion.”

However the population inversion between statesedting in ultra short wavelength laser, in gen&aiard to
realize. Moreover even if a population inversiorréached between two states ,the strong spontaregpission
yield a large phase noise, as spontaneous emisaienrelates to laser wavelength in a cubic inwvarsatio.
Consequently, it is impossible for an output ukhert wavelength laser to have narrow line widthcéntly it is
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theoretically recognized that under proper condgia buildup of coherent radiation is achievablesome
multilevel systems, even if population is absertiisTnew kind of the mechanism is termed as lasiitgout
inversion. Under special conditions coherent atdamsinsitions can cancel absorption. The main iddaM is that
absorption cancellation provides the possibilitesbtain light amplification even if the populati@f the upper
level is less than the population of the lower leve

SPATIAL HOLE BURNING:
Spatial hole burning is responsible in gain suppoesin a laser cavity. This phenomenon appeansraét in the
semiclassical theory of laser. This hole burningesps in the graph representing the normalized Iptipn
difference versus axial co-ordinate along z axfsgugh the hole burned by the field intensity fonmooving atoms
are seen to wash out for rapidly moving atoms ffexkis inherently present in laser oscillatoragal hole burning
can be defined as distortion of the gain shapdaser medium caused by saturation effects ofralstg wave.

We consider a semiclassicatleh@f laser homogeneous medium. This model ilates simply some

basic laser principle. An atom excited to stat@ at time t;,and place z,is described by the density
matrix 0(&,2,1,,t) . Atoms are excited to the statat the rated, (z,t,) atoms per second per unit volume. The

level probabilities decay with constan and)/ . The polarization matrix element decays with cantt

a % \’ja Paa

R = (;Ocm - Iobb)

b

/ \:b Pob

A

Fig 1: Energy level diagram for atom comprising laser active medium.

The response frequency of the transition from theel level (b) to the upper level (a) & the no of atoms per
volume per unit time excited to th@and blevels are /]aand /]brespectively. The number decaying are

VaP.a and y, 0, respectively and the number making transitions fiti level ato bis R(0,, — 0,,) -

According to the rate equations normalized popaoifatiifference in terms of density matrig ., and 0O, is
given by
Pa =~ Pmw - 1 (1)

N(th) 1+i

S

Where the term in the left hand side is the popradifference, R ¢ saturation parametey = Ya¥e

2yab
R rateconstant given bR = %[D hE“ j|U n|y_1L(a) - Vn)
2
Where L = % V..V, are decay rates from the upper and lower statapectively
y-+ (a) - VA)

andy,, = %(ya + yb). In equation (1) we see that the population dififee is given byN(z) divided by

85
Scholars Research Library



R. K. Dubey et al Arch. Phy. Res,, 2012, 3 (2):84-87

1+ l) . When R = Rs the population difference isp - p,, = %N (z) i.e. the population
S

difference becomes one half of its value. It maynbeed that the facto(l + Ri) increases as intensity of the
S

electric field increases. For sinusoidal varyingcdic field holes are burned in the populatiorfeté#nce one half
wavelengths apart. To see how spatial holes atgalacburned in the population difference we ndtattfor central

detuning we use the equation

- 1
(Paa = Prb) _ @

N(2) 1+Insin22/1”z

For different value ofl, the normalized population difference versus ax@rdinate z are plotted and they are
shown in Fig 2. The spatial holes are clearly degién the diagram.

pa.a_ - loM ]fN[:z’z)
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Fig 2: Normalized population difference vs axial co-ordinate

RESULTSAND DISCUSSION

In case of lasing without population inversioisitonsidered thatwe considgr, < 0, and apply it in to equation

(1) we obtain the left hand side of the equatiobéonegative, the population difference will be atege, and this

expression can be reframed as
pbb - paa - (3)

1
R
N(z,t) 1+ AS

In equation (1) we see that the population diffeeeis given by N (z) divided by a factdk+ B and we observe

the LHS’s equation (1) and (3) are equal in magiitiWhenR = Ry the population difference is

1
paa _pbb :EN(Z)
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. o . 1
i.e. the population difference becomes one haifsofalue but here whe@,, < Pop Pz~ Lob = —E N(2)

1
which can be modified 38, ~ Paa = P N (2)

Here =N =A), " Ay,
_ -1 -1
andpaa - pbb - Abyb - Aaya
1 1
When the life time in the upper level “a” relatiyedhorter than the life time in the lower level “p—<<—)),
ya yb

means ), >> ), which causes decrease in inversion and net gais.ifiticates that the spatial hole burning also

affects the gain in lasing without inversion, andsiinteresting to note that this point has notrbeiscussed in
various schemes dealing with lasing without invamsi

CONCLUSION

It is worthwhile to note that the presence of gbatole burning inhibits the gain or amplificatiaf a laser
medium. In this connection it is worthwhile to cehthe phenomenon of spatial hole burning withpiteeesses of
LWI. We have seen that population inversion is mgefdr lasing and primary reason for this populatioversion is
to overcome absorption. Absorption inhibits gainhia process of lasing and in spatial hole bureingountered in
the semi classical theory of lasers gain or angalifon is suppressed sinusoid ally along the lagex. Further we
note that absorption inhibits gain and to overcéhwee need population inversion. Similarly spatiale burning

inhibits gain, to overcome it we need dimensioniessnsity of the laser mediul to be extremely small that is

0.001, which indicate extremely dilute medium. IWVL absorption is cancelled via the process of quant
interference, which leads to amplification or lagiaven in the absence of the population inversitie. can
conclude that spatial hole burning is a similarcess as absorption and its presence in laser weipulgation
inversion and laser without population inversiomased.
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