Available online at www.pelagiaresearchlibrary.com

) po?ed e,
<« < . . ‘.:Q l""n‘?“\\ %
o IR A Pelagia Research Library g M 7
R < - [

- “ h S 7

'E_ Advancesin Applied Science Research, 2015, 6(7):186-190 ?o& 4 qé’n

W

Library

Library
I SSN: 0976-8610
CODEN (USA): AASRFC

A comparative study of effect of complex conjugate termsin Fabry-Per ot and
Zeeman Laer cavity

J. Mudoi®’, K. C. Sarma'and T. Bezbor uah?®

lDept. of Instrumentation & USIC, Gauhati Universi&uwabhati, India
’Dept. of Electronics & Communication TechnologyuBati University, Guwahati, India

ABSTRACT

In this work, we have derived amplitude and freqyedetermining equations using complex conjugategeof

electric field and polarization in Maxwell's equatti. It is observed that the derived basics equatiare different
from the original equations derived by Lamb and bisvorkers. The derived additional terms have ptafsi
significance related to the lasing action in Fali*grot type and Zemann laser cavities.
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INTRODUCTION

The semiclassical theory [1] prescribed by Lamb &l coworkers [1-5] have successfully derived atight
parameters of laser cavities. Semiclassical thbasybeen applied to various types of cavities. furpose of the
present work is to present a comparison of amp@itaigd frequency determining equations using comgbejugate
terms with the help of semiclassical theory of faadich was left out in original work of Lamb. Ldmand
coworkers [6, 7] had worked out the theory of Zeerhaser and explained about Electromagnetic figldb&ons,
polarization of the medium [8, 9], equation of nootj cavity anisotropy, transverse magnetic fietdyrac decay
rate, Lande’s factor etc in laser.

MATERIALSAND METHODS

The active medium consists of thermally moving aoof varying isotopic abundance which have two teilec
states with arbitrary angular momenta. The elecagmatic field is treated classically for a genestdte of
polarization in a cavity with any desired degreeca¥ity anisotropy. The self-consistency requiretris that a
guasi-stationary field should be sustained by tiduced polarization lead to the equations whictertene the
amplitude and frequencies of multimode oscillatiassfunctions of the laser parameters. The Maxseljuations
in mks unit as, neglecting vector properties

92E(z,1) . d2E(z,t) _ . 32P(z,t) @
— =y

312 at? 912
Here P, polarization is used to describe the indw®mic polarization of the active medium. It issitable to

provide for different cavity resonant frequenciesthe linearly polarized radiation along orthogoGartesian axes
transverse to the maser axis.

0E(z,t)
09757 *tHo g
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Inside the cavity only certain discrete modes aahegpreciable magnitude whose circular frequescy i

nrnc

Qp == =Knc

Where L is the length of the cavity, c is the vélpof light, n is a large integer in our discugsi@e take normal
modes to have sinusoidal z dependence. The eléefdacan be expressed as a sum of modes as:

Uh(2) =exp(iKpz) K, = n%

The single polarization component of the electtdfis written as

E(z1) = 5 Y En O)expl-i(vnt + @)} Up (2) + co @
n

P(z,t)=%z Py )exp{-i(ont+ @)} Up (@) + cc @3)
n

Here, the amplitude coefficieht,,and complex polarization componeR}, very small in optical frequency range.

The real part of polarization is in phase with éhectric field leads to dispersion due to mediufme Tmaginary part
is in quadrature with the electric field and resit gain or loss.

Now putting values of (2) and (3), neglecting coexptonjugate terms, in equation (1),
2 i -2iv E - ) V2E =p2¢71 4)
:>QnEn Igo DnEn 2|1)nEn (Un+¢n) En LU Pn

Here, we neglect the slowly varying terms with fregey. Adjusting the fictional conductivity to create the
desired value of) of the mode

From equation (4), by comparing real and imagirast, we get

E + Y E = _1 v_e-1Im part of P (%)
n’o2Q, N 2 no n

vt =Q Ll eTElRe part of P (6)
n n N 2 n° n n

Which are basic equations of the semiclassicalrtheblaser.

Using the same procedure for the complex conjuigaites, we get the gain and dispersion relations as

E + -2 E = 1 v_ & YIim part of P @
n 2Qn n 2 N0 n
{2v _Q_n%}:Q +lu g‘lE‘lRepart of P (8)
N v, "N "5"n% ™n n
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In case of Zeeman laser, the vectorial electrid figth two transverse degrees of freedom is palidity convenient
choice of representation with circularly polarizzmponents.

Ezt)= %{§+E+ (t)expli(v.t+¢,) +&_E_(t)explHi(v_t+¢)[}U(2) +cc C)
1

Where, the complex circularly polarized unit vestor =2 2 (%xFiV¥),and amplitudes Eand E_ and phases
@, ,@ are slowly varying functions of time. The indugealarization of the medium corresponding to fiels the
form

Az =%{§+P+ (t) expl-i(v 4t + @y ) +& P (t) expl-i(u-t + ¢ )} U(2) +cc (10)
Where, the complex Fourier components of poladza® , P—are slowly varying functions of time. Putting the

values from (9) & (10) in (1), ignoring complex gogate term and also neglecting slowly varying terwith
frequency, @, , 6@, ,oE. andE. , we get

(0. +, ~QE, +{E+20[g,,E, +g__E_exp(i )]} == =P, (12)
2 2¢g,

Where, the relative phase angle is

\V:U+t+¢+ _U—t+¢—

And the conductivity matrix

G — (g++ g+- j — (SOU)_lG
9. 9.

-1

The frequency Ov- Ov-andgg , =Q71,,9__=Q

Equating the real and imaginary part of equatidr) separately to zero, the self consistency égusit

Es +%u(g++E+)+ Imlig + _E_exp(i )] :éi Im(Py ) (12)
€0

(v+ + 1 -QE+ + vRelig +—E +exp(¢)] =5 = Re(Py) (13)
€0

Using the complex conjugate terms and followinggame procedure we get

10 py (14)
€0

Q.- L1 . .
(us ~—) ~Q4]E4+ +i{Sv[g++Ex +g E-exp(y )} =~
V4 2 *+ 2

Equating the real and imaginary parts these equatmzero; we obtain the self-consistency equation

. 1 . . 1

B+ +20l0++E s +Imfig +—E— +exp(iy)] :E%Im(m (15)
Q4 - 1 . . 1

(04 ——5)@y ~Q 1 ]E4 +=vRelig +~E—exp(iy )] ==——Re(P}) (16)
V4 2 2¢Q

For diagonal losses, these become
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Et+20/Q4 E4 ==L Im(Py) (17)
2 2¢gQ

Q . —
and 2o+~ -041= -2 E"LiRe(Py) (18)
v+ 2¢gQ

RESULTSAND DISCUSSION

For Fabry-Perot type cavity, in absence of activediom, B = 0, the amplitude and frequency determining
equations with real terms becomes

- d +@ =
=0 and v +g =Q

The equations (5) and (7) are same except theimegagn. But equations (6) and (8) are differehick represents
dispersion of the medium. In absence of active omagdihe equations using complex conjugate termsrhec

v Qnp -
E = E_ and v - —— =Q
n2Q, n {20, on o} n
From equation (8), we get two relations, one part
. lv, __
opt ¢h =Q - S—TEq (1) RePp(t)
n 2g,

This equation is same as the real part of themmaldiasic equation of laser derived by Lamb. Thatlzer part of the
equation is

[on-{ &h+ &%}] = 11’—”E;,l(t) Re Pp, (t)+11’—”E;,1(t) Re Pn (t)
Vp 2 ¢ 2 ¢

. Q, . vy -_

or, vpn-¢h = —¢h +—EL(t) Re Pn ()
Un €o

Which represents dispersion but with different form

Physical significance:
The complex polarization for complex susceptibility

P M =&x, = &, tix,) E O

As
- - _ v 1 " ¥ — _E U
E, () = 20, En®-5 vxnEp®) and v +g =0 AL
: Q
Or, Un+ % = n
n(vp)

Thus the frequency determining equations with egal that of complex conjugate term show a distitiiference
between gain and classical problem.

In case of Zeeman laser cavity, for diagonal logtesself-consistency equations (12) & (13) redutoe
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Er+20iQs B4 = -2 Im(Py) and(o+ + 4 -0) = -2 EL Re(Py)
2 2¢Q 2eg 7

These equations are the same as equations of asgiiel theory of laser of which represents thellason
conditions of laser and the dispersion of the mmdiu

In absence of active medium. =0, we get

. 1 Q. -

Ey=-=—Eyand @us -~y =04
2¢Q V4

Which are also different as derived for Fabry-Péypé cavity.

CONCLUSION
For Zeeman laser, the equation (13) can be divided
. 1v __
(D+ + ¢+) = Q+ -——E 1+Re(P+)
2¢,

This represents dispersion as that derived fory=Blerot type cavity. And the other part is

Q,

[v.-@]l=""¢

+

This equation represents dispersion in differeminfolt is reasonable to believe that the additiceain will be
contributed in the determination of atomic decalesaand g values for the laser medium. These emsatre
similar as the equations in absence of active nmediuthe former calculations with real or compl@njgate term
only. Thus it is observed that the complex conjagatm has overall affect on the gain and dispensiations.
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