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ABSTRACT

The present work reports a possible correlation between the intensity contour of fringes due to
multiple reflection, showing how the sharpness depends on reflectance, Spatial hole burning in
the plot of normalized population difference versus axial coordinate in the semi classical theory
of Laser and the squeezed state of light. There are three pairs of parameters which have been
brought into discussion in this case. In the first case it is the intensity versus phase angle at
various reflectivity (r = 0.1000 to 0.9999), in the second case it is the normalized population
difference versus axial coordinate at various values of dimensionless intensity (.1 to 102) and in
the third case it is the plot of the variance of variance of a squeezed state with the squeezed
angle. In all the cases thereis a worthwhile analogy among the three phenomena.
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INTRODUCTION

In many ways some phenomena of physics appearidgferent contents are quite analogous.
Sometimes the phenomena appearing in physics spoalso in non-physics contexts. In the
present work we work out an analogy in three déiftrphenomena appearing in classical optics,
laser and quantum optics. These are respectiveyptitenomena of multiple reflection (1),
spatial hole burning [2] and Squeezed State of [ighh An analogy between spatial hole burning
and the intensity contour of the beams in multigiection inside a Fabry- Perot Cavity was
already established in an earlier work [4]. In thisrk it was shown that the laser parameter
known as the dimensionless intensity is identioaht parameter reflectance (r). In the present
work we carry the analogy further and use it todtyeeezed state of light.

164
Scholars Research Library



J Saikia et al Arch. Phy. Res., 2011, 2 (2):164-170

2. Spatial Hole Burning :
The normalized population difference in terms @& tlensity matrixo,, and 0, is given by [2]

'Oaa_'obb _ 1
N(zt) 1+VF\,s

Where the constantd®s known as saturation parameter and is givefRhy

Yabh
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Y, and ), are the decay rates from the upper and lowersstagpectively and
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R is called the rate constant given by
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For a rate constant R with? (2) = Sin°K,,z dependence we have

ey
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Wherel :E DZ E, is the so called dimensionless intensky, = 2%
2 h yayb

For central tuningv—-u, =0, and usingy = 2y, eqn. (1) becomes

N(zt)

Pea™Poo =17 g,

The normalized population difference versus axwardinate Z is shown in Fig.1. In this figure
spatial hole firmed by the laser field for variotzdues of dimensionless intensityalre depicted.
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Fig. 1: Normalized population difference vs axial co-ordinate.

3. Intensity Contour of Fringes Due to Multiple Reflections:
We consider the intensity contour of fringes duemoltiple reflections inside a Fabry-Perot
cavity. In this case the intensity of the transedttays may be worked out as

I, = s (3

1+[4r2 /(1—r2)2}8in2 5/2
20

Where d=27mm; At maxima Sn E:O' I; =1

When the reflectancer® is large,

approaching unity, the quantil‘}/r7(1 , )2 will also be large and even a small departur@ of
-r

from its values for maximum will result in a rapidop of intensity. Fig.2 shows the intensity
contour of fringes due to multiple reflections icating exact analogy with the case of decrease
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in the magnitude of the normalized population défece with the increase kin dimensionless
intensity. The case of decrease in the magnituddeohormalized population density with the
increase in dimensionless intensity has its pdralleéhe intensity contour of fringes due to

multiple reflections where it is shown that therpim&ss of fringes or transmitted beam depends
on reflectance.

Comparing eqn. (2) and (3) we note that

4r?
Poa = P =111 =

(-7
21/, = 5= 27m

N(zt)=1
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Fig. 2 : Intensity contour of Fringes dueto multiplereflections
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4. Squeezed States of Light :

We now consider a unique state of light known asgeged states which have less uncertainty in
one quadrature than a coherent state. The eletate for a nearly monochromatic plane wave
may be decomposed into two quadrature componetitstivie dependenc€oswt and Sin wt
respectively. In a coherent state, the closestteopart of a classical field, the fluctuations e t
two quadratures are equal and minimize the uncgytaproduct given by Heisenberg's
uncertainty relation. The quantum fluctuations icaherent state are equal to the zero-point
fluctuations and are randomly distributed in phad&ese zero-point fluctuations represent the
standard quantum limit to the reduction of noisaisignal. Even an ideal laser operating in a
pure coherent state would still possess quantureendue to zero-point fluctuations. Other
minimum uncertainty states are possible which Hass fluctuation in one quadrature than the
coherent state at the expense of increased fluohsain the other quadrature phase. Such states,
which have been called squeezed states, no loagertheir guantum noise randomly distributed
in phase.

For the purpose of analogy we consider the specdige of the variance of the generalized
quadrature [5]

X (6)=exp(-if)a+ exqid)a’
The quadrature would be measured at rotation afiglEne variance is given by
Var{ X (6)} +Cosh(2r,) -~ Sinh(2r;) Cos2(6- 6, )

This is quite complex expression. It shows thatwgance is a periodic function of the rotation
angle as one would expect from the concept of lgsselbeing rotation. If has a minimum when

6 =-6, and a maximum in the orthogonal directi@r -6, +7—27. This variance is plotted in Fig.

3 for one fixed squeezing angleﬁs:—l—;, and angle of squeezing parameters

7;,=0.25, 0.5, 0.7 and 1. It can be seen that as the squeeze vari@eceases and maximum
variance increases
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Fig. 3: A plot on logarithmic scale (dB) above quantum noise limit of the variance of a squeezed
statewith 8, = - A asa function of the squeezing angle and differ ent squeezing parameters.

In this work we have attempted to provide an analogthree domains of physics, that is,
classical, semi classical and quantum theoretlcat worthwhile to note here that squeezed
states represent a class of quantum states whwehrtwaclassical analogy.

CONCLUSION

In the present work we have worked out an analagypeising three phenomena in different
domains of light. These phenomena include the sitigrcontour of fringes due to multiple
reflection, spatial hole burning in semi classittedory of laser and squeezed state of light. It is
believe that these may be correlations among thieseomena.
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