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ABSTRACT

The wave analysis and semiclassical theory of laser be used to find out some related parameterangf
Quantum devices. The power spectrum for the indu@ethkition in a Fabry -Perot cavity with two anbreée
mirrors has been worked out with the help of wawalysis involving only a few parameters like trdiasi,

absorption and diffraction. The results obtainedvbgve analysis have been compared with that obdainethe
semiclassical theory of Laser. The salient pointhia comparative study is that in wave analysis,rthture of the
ring cavity is not clearly visualized whereas sdagsical theory throws the much needed light onintkeraction of
radiation with matter inside the cavity.

Key words: Fabry-Perot cavity, power spectrum, Ring cavityy&vanalysis.

INTRODUCTION

The semiclassical theory [1] as prescribed by Ldhb2] has successfully explained a large numbetasér
systems. Although the assumptions in semiclassieadry are not particularly valid for TEA and GDaskr [3],
they are quite good for typical operations of He &hd other gas lasers. Semiclassical theory hers dygplied to
various types of cavities. The ring cavity [4-8Jpise of very important cavities with consideralmterest in science
and engineering. It is worthwhile to note that thave analysis to consider the problem of Laserllation was
originally proposed by George Birnbaum [4]. The nogt contains some salient features which deschibdaser
behavior (induced and spontaneous emission) indequate way, while discussing about wave analygishave
noted few interesting features which may be contgavith those in a semiclassical theory. The purpalsthe
present work is present a comparison of the stetadg theory of optical maser and the semiclastiealry of laser.
It must be noted that the comparison is only fatdrical interest because we believe that the dassical and
Quantum of Laser are considered as nearly comgiietey.

MATERIALSAND MATHODS

It is natural to consider the maser as an ampldiéren by spontaneous emission. In particularser the open
sided resonator of the Fabry-Perot type, consistinglane parallel, partially transmitting mirrondhose complex
transmission and reflection coefficients drartd f. Let the resonator be uniformly filled with a néaé whose

complex propagation constant ks = (k—a%ﬂﬁ , Where g is the negative absorption, k is the dielectricslo$

the host material ang is the phase shift due o the maser atoms andastentaterial. To calculate the amplitudes
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of the waves, in a single cavity mode, generatethbyspontaneous emission noise from a slab ofeantiaterial.
The reflected waves emanating from the mirror sddorfirst sides of the slab are respectively,

Aek(D-2) o
1€

r1t2Ae_k(D+Z) — (2
riroe

Multiplying (1) and (2) by their complex conjugatasd adding we find that the power per unit lengftimaterial
per unit frequency range transmitted though misemond is given by
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The quantity A is defined by
A2dzdh = Npadz v 1 Avgdy

Pr ﬂ(v-va)2+Au§

(@)

a471v2

V2

WhereF' is the number of modes in cross sectional araad is given by P’ =

The quantity3 D is the single pass phase shift and for a standiage to build up in the cavity. i.e. to obtain

resonance,3 D must be an integral multiple ofi. The power reflection coefficient22 =Rp and the power

transmission coefficient% =Ty are related by- R+ T, + A, + F, = 1; where A and K, are respectively the fraction

of light absorbed and diffracted by the mirror.

With the assumption that k =,@& D (( 1, 242 =1, we obtain from (3) by performing the integratiover z,

207
4P, (D +12e97]
V:I 1 dZ

dz  Jo _ I’;LI’ZeZD}2 +4I’21r2e“Dsin2BD
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= dv
al(L-T1rp)- aD]? + (24BD)?
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A2t2[2aD]dv
Rdv =

- (5)
a[(1-T1r2) - aD]? + (22pD)

We have used thee relation that the phase ghiftD, near resonance 8D =pD-B¢ D; where s D=qmr
andABD{{1. Now the phase shift for a wave traveling onceulgh a resonator length D and waveguide wavelength,
/lg is
_2nD_2nvDn
qp_ =
A c

g

=~ (8)

We have takerﬂg to be% n and n is the refractive index of medium. Henceddngty has resonance frequencies

separated b%Dn' Small changes in phase measured from the phalse eavity frequency are given by

op

L (V-ve)+Ap=0 - (7
GV( S RAY @)
From (6) and (7) we have for the change in phadedike to the dispersion of the resonator

Agpe =(vg—V) 27 no % ; Where vy =ng = total population (1 ny)

To calculate the phase change due to the dispeddidhe amplifying medium, we write for a Lorentzidine,
aW)=ay)l+(Va —v)2 /Avg]_1 and

Ag(v)=(ny - D)25w D/C =-a(V)D(vg —v)/2Avg; Where a ¢v{{ 1,v +vg=2v and a(vg) is the
absorption coefficient at the atomic resonance. Noan (5) and (4)

2
P dy = 13 G Nphvg 87%°4%v, 1(Avg IGY)dv - (8)
AT TN WAV, 7T (Ave IGY)2 +(v-vg)?
Y =[1+(Ave /Avg)] and G=[1-a(vq)D /(1—r1r2)]_1 - (9)

In obtaining (8) we have neglectéti= (V4 —I/)2 /Avg in comparison with 1 on the basis t@ad) 1. The limiting

caseG - o will be recognized as the oscillation condition.
For half cavity width, at half amplitudé\ve ,is Avg =c¢ (1-I112) /4nngD

For half widthAv g, the power spectrum has a Lorentzian shape
AVOS:AVC/G(1+AVC/AVa === (10)

When Ave (¢ Avg , the equation (10) willbe  Avgg=Avc /G

In equation (8) we see that the teth(AVC/GY)dV 2 2 is the atomic resonance has the
ﬂ (Bre/GY)“ +(v-vc)

Lorentz shape. So, this term equal to 1.
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SinceSE) =+ Av I (vg-v)2+Av2 O [sw) av =1

T
Upon performing the integration in (8) and omitting termt% / (-1 I'2), then the power is given by
Pv dv =[GNphvg / YI[872 12V 4 13hVAV4]dV

p= N2hvG 8712,L12va

Y 3hVAvy
8772 21/ Ave . —
P=[Nohve 2 X Vay a4+ 2Veq-1 —(11)
3hVAvg Avg
877'2/12V
The term——="2 s the induced transition rate resulting from gheton per unit volume and when multiplied

VAV
by Nohv represents the emitted power fogdtbms in the excited state.

RESULT AND DISCUSSION

Semiclassical theory of laser and wave analysis:
From the semiclassical theory of Laser (5) the esgion for population difference necessary for lisiom is given
in density matrix formulize as,

R

Paa = Pob = N(z,t) [[1+—] - (12)
Rs

Where, R= rate constant—( 2|Un(Z)| y L (w- Vn) --- (13)

And R = Saturation parameterya—yb ---(14)

2 Yab
Equation (12) in fact include the gain coefficiginten in semi classical theory as
apn =L(w-vp)FH-Y - (15
n=L@-vn)FL- Vg (15)
2 -1 V2
F1= }é vO“(eghy) ~N and Lorentzian L (w-vp) =2— --- (16)

y? +(w+vp)?

It is worthwhile to compare equation (9) represgmtigain and wave analysis with equation (12) ang) (1
representing population inversion as well as gaiefficient. Further we note that the gain coefficient is written
as

1
_T roC/\ 9b 2 Np ga

Ng[l-—==] f - (17
> — a)(2 kT) al N gb] (17)
a OKNg[1-— --- (18
al Na] (18)

Where, K includes every term in the RH S excepsiggare bracket.
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CONCLUSION

An evaluation of gain coefficient as given by edomt(9) shows that gain is dependent on reflegtiéihd
absorption coefficient. The salient point of dissios of equation (9) is that gain increases agcéflity increases
as seen in thEigl.

0.88 0.9 0.92 0.94 0.96 0.98 1

Fig 1 Variation of reflectivity at a particular value of absor ption co-efficient
(Y- axis) against gain co- efficient (X-axis)

But this is applicable only when the reflectivity< r; r;) is above 0.96, below this value significance gaimot
observed. This is considered as general rule beocaesobserved that to achieve laser action; we desdctric
mirror of extremely high reflectivity.

But a singular situation arises wherra = 1, this indicates the limitation of wave anatyshlso the oscillating
condition is given by G >> 1. This is an ideal ation only. From Equations (12), (15) and (18) wayraonclude
that gain co-efficient includes the term for inverswhereas in the wave analysis the expressiorpdpulation
inversion is somehow missing.
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