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Spontaneous pulsations in gas class-A lasers with weakly anisotropic cavities
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Spontaneous pulsations and polarization multistability resulting from the nonlinear interaction of two stand-
ing waves with an active medium in a single-longitudinal-mode FabrgtRgas laser with a weakly aniso-
tropic cavity have been studied at different cavity anisotropies and different transitions between the working
levels with and without an axial magnetic field applied to the active medium. As predicted theoretically, a
series of polarization dynamical phenomena have been observed experimentally in the Me-N&5wm)
laser in the case of orthogonal elliptically polarized eigenstates of the cavity. Periodic oscillations of two
qualitatively different formgdistorted sinusoids and large spikethe transition between two stationary or-
thogonal elliptically polarized waves in the vicinity of the line center tuning which occurs through the region
with polarization instability, as well as switches between the orthogonally polarized components when the
output is nonstationary have been found. It is shown that the diversity of nonstationary polarization phenomena
in gas lasers with weakly anisotropic cavities is due to spontaneous pulsations of intensities, ellipticities, and
azimuths of two emitted waves, caused by the competition of the nonlinear active medium and empty cavity
anisotropies. The results of the theoretical modeling are in quantitative agreement with the experimental
results.[S1050-2947@7)00912-§

PACS numbgs): 42.60.Mi, 42.65.Sf

I. INTRODUCTION formly spread over the cavity lengfl32]. This case can be
regarded as “a laser with strongly anisotropic cavity.”

In the last few years, polarization dynamical phenomena The main advantage of the second approach, based on the
have been studied intensively in different laser systems ofatrix formalism, is the possibility to take into account the
which gas lasers with anisotropic cavities, where instabilitieglisposition of the anisotropic elements and active medium in
have been known from the beginning of the laserdged],  the cavity and to follow sequentially the evolution of the
play an important paft—16,18—23 Gas lasers represent an state of polarization of the emitted field from point to point
ideal model for theory, where different approaches have beeaf the cavity. The Jones vector of the emitted wave with
developed, and for experiment because they offer wide posarbitrary polarization as well as the Jones matrices of the
sibilities for controlling the nonlinear interaction of the emit- active medium and empty cavity, having different eigen-
ted field with the active medium, the empty cavity param-states in the general case, are represented in one Cartesian
eters, and external fields, i.e., all those factors whichbasis. This provides the fulfilment of the self-consistency
determine the state of polarization of laser outpljt condition with respect to the polarization parameters. In the

Up to now two different approaches have been known irso-called “laser with weakly anisotropic cavity,” both the
the theory of gagclass-A lasers with anisotropic cavities: cavity and the active medium equally influence the state of
one of them is based on the vectorial extension of the Lamipolarization of the emitted field. If the emitted field polariza-
scalar theory24] and the other one on the Jones vectors andion at any point of the cavity is reproduced during one
matrices formalisni25,26. Both of them are valid in the round-trip (stationary operationor a few round-trips(self-
third order of the field perturbation theory at adiabaticalpulsing regimgthe notion “laser eigenstates” has meaning.
elimination of the dynamics of atomic and material variables.For details se¢34,15,14.

The first approach holds in two limiting cases: when the Recently[8,33] a model has been developed of a single-
anisotropy of the empty cavity is much lggs equal to zerp  mode (one-frequencygas laser which is valid in the third-
than the anisotropy of the active mediusee, for example, order field approximation, where the deformation of the state
[27-30,14) and when the cavity anisotropy is much higher of polarization of the electromagnetic field from point to
than the medium anisotropigee, for example,31,32). In point of the cavity is taken into account through the coordi-
the first case, polarization of the emitted field is governedchate derivatives: non-mean-field theory.
mainly (or fully) by the active medium, and the empty cavity A radically new theoretical approach based [d7] has
anisotropy is undertaken as a small addition to the mediunbeen developed i5-7] to study polarization dynamical
anisotropy, uniformly spread over the cavity length. Thisphenomena in high gain gas lasers. This approach is beyond
case can be regarded as “a laser with nearly, slightly anisathe scope of Lamb’s third-order approximation, and includes
tropic, quasi-isotropic cavity'{or isotropic cavity. Here the the dynamics of atomic and material variabletass-C la-
anisotropy of the cavity is too small compared with the an-sey.
isotropy of the mediungor equal to zerp In the second case, A large number of polarization dynamical phenomena
polarization of the emitted field is determined mainly by thesuch as polarization hysteresis and bistability, rotation of the
empty cavity, and the anisotropy of the active medium iselectromagnetic wave azimuth, and polarization switches,
undertaken as a small addition to the cavity anisotropy, unihave been found in gas class-A lasers with anisotropic cavi-
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ties and explained within the framework of the vectorial ex-
tension of Lamb’s approactsee, for examplg,27-30,35—

R
38,14)). I_! P %y
The interest in such lasers has been renewed due to th l s U . "
experimental observation of the nonstationary behavior of |

R —*

polarization parameters without any external time-dependen o G -y S
influence(polarization instability which cannot be explained - /

in the framework of Lamb’s approactsee, for example, M

[14]).

These phenomena are known to be present in the He-Ne FIG. 1. The schematical representation of the anisotropic-cavity
laser at thg,=1—j,=2[9,10 and in the He-Xd10] laser  gas laserR are the mirrors,S is the active mediumM is the
at thej,=3—j,=2 transition with linear phase anisotropy anisotropic elements.
of the cavity as well as in the He-NEL1] laser at the
ib=1—]j,=1 transition and circular phase anisotropy of the (1) What other laser systems besides those with linearly
cavity. [9,10,1 and circularly [11] polarized eigenstates of the
Experimentally, polarization instability phenomena mani-empty cavity can exhibit polarization instability?
fested themselves as two types of transitions between the (2) Is there a connection between the periodic oscillations
steady orthogonal states of polarizatighrough polarization of orthogonal components of the output in the form of dis-
instability, registered as azimuth rotation, and through bistatorted sinusoids and large spikes observed experimentally in
bility) observed in the vicinity of the line center tuning at [10] and spontaneous pulsations of the characteristics of two
linearly and circularly polarized eigenstates of the emptyemitted waves predicted {16]?
cavity [9,11] as well as in periodical oscillations of orthogo-  (3) Are any other polarization dynamical phenomena pos-
nal components of the laser output, which have the form osible in gas lasers with weakly anisotropic cavities?
distorted sinusoids and large spikes observed @j. The article is arranged as follows: the simplified math-
Theoretically, polarization instabilities were predicted in ematical model of a single-modéwo-frequency gas laser
[17,5-7, in [8], and in[15,16]. In the first series of works with arbitrary states of polarization of emitted waves and
which are valid for the neutral homogeneously broadenedvith the active medium placed in the axial magnetic field is
ib=1—j,=0 transition, polarization instabilities are due to considered in Sec. Il. In Sec. Il polarization instability and
the inclusion of the dynamics of material and atomic vari-multistability phenomena are studied theoreticatyalyti-
ables. A large number of new polarization dynamical phe-<cally and numericallyat different anisotropies of the empty
nomena were predicted i{b,6] and the experimentally ob- cavity and active medium. Section 1V describes the experi-
served polarization switches of linearly and circularly ments on the He-NeN=1.15um) laser with polarization
polarized waves have been explained i instability in the case of orthogonal elliptically polarized
In [8], the experimental results pointing to the nonstation-eigenstates of the cavity.
ary behavior of polarization parameters in the Faraday gas

laser[1-3,39 at thej— | + 1 transition have been explained Il MATHEMATICAL MODEL
qualitatively from the viewpoint of the single-modene-
frequency model. The results of8] in the absence of am- The equations of motion for a single-longitudinal-mode

plitude anisotropy in the cavity are in agreement with thosetwo-frequency standing-wave gas laser with anisotropic
obtained on the basis of the matrix approachlifi] (item 4). cavity were derived on the basis of the Jones vectors and
In the third series of works, which are based on the matrixnatrices formalism ifil6]. The electromagnetic field in such
approach, polarization instabilities arise in the case where the laser is given as a superposition of four running compo-
active medium and empty cavity anisotropies are comparableents with slowly varying with time amplitudes, phases, el-
in values(weakly anisotropic cavitigsIn this case the state lipticities, and azimuths, which form a field of two standing
of polarization of the emitted field is governed equally by thewaves with arbitrary in the general case intensities, frequen-
cavity and medium anisotropies. Thus polarization instabili-cies, and states of polarization denoted by subscripts 1 and 2.
ties are due to the competition of these anisotropies. See for detail$16]. We consider here a simplified model of
In Ref. [16], a mathematical model was developed of aa single-mode gas laser with an active medium placed in a
single-longitudinal-modetwo-frequency gas laser with an longitudinal magnetic field, which follows froffiL6] in the
arbitrary value and type of cavity anisotropy for arbitrary case where the influence of a magnetic field is taken into
transitions between the working levels with a longitudinalaccount only in the linear part of the equations which is
magnetic field imposed on the active medium. In the case ahdependent of the intensity. This simplification does not re-
a weakly anisotropic cavity having linear phase anisotropy astrict the generality of the problem stated in the present work
the j—j+1 transitions polarization instability was found. It and, nevertheless, it permits simplifying considerably the
appears as spontaneous pulsations of intensities, ellipticitieprocedure of calculating the coefficients of nonlinear inter-
and azimuths of two emitted waves and is due to the instaaction. The geometry of the anisotropic-cavity gas laser is
bility of steady states of polarization parameters of the fieldgiven in Fig. 1. The temporal evolution of intensities, phases,
Two types of transitions, observed experimentally in the vi-ellipticities, and azimuths of emitted waves 1 and 2 at the
cinity of the line center tuning if9], were discovered. Po- point P of the cavity is described by the system of eight
larization multistability was predicted. scalar ordinary first-order differential equations which is of
The present work is to answer the following questions. the form
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Here |, =1} JkolP is the dimensionless intensity/, , is
the phase of the emitted wavew,/27(Hz) and

woy 027w (Hz) are the lasing and cavity frequencies, respec-

tively; Q=wlL/(c7y), 7= 1otL/c, | andL are the active me-
dium and cavity lengths, respectively;is the velocity of
light, t is the time,7o=KkylP, 7 is the pump excess over the
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threshold at the line center, f1 =Dyt gl 2,
& 2—tanh§1 5, @ is the azimuthg= tanh¢ is the ellipticity

of the electromagnetic wave, = |E|?|d | 2/3%52yaYb » |dal
is the reduced matrix element of the dipole moment of the

transition,E is the Jones vector of the electromagnetic wave,
Yap are the relaxation constants of the lower and upper
working levels, respectivelyko=27?N|d,,|?w/3hcKu is

the linear gain coefficienty is the inversion population den-
sity, W(XE=A,y)=U(x=A,y)+iV(x*A,y) is the complex
error function; W=U+iV=[W(x—A,y)+W(x+A,y)]/2,
AW=[W(x—A,y)—W(x+A,y)]/2, XtA=(w—wg
+gugH)/Ku is the detuning of the laser frequeneyfrom

the line centerwq, g is the Lande factorug is the Bohr
magnetonH is the magnetic field strength=y/Ku, 2y is

the homogeneous linewidthP; ,=U—1/7,,, P=U]|,_g
— (Uny+1n,)I2, Ku=Awp/2(IN2)2 Awp, is the Doppler
linewidth, and\ ; , andf,y, oy are the eigenvalues and eigen-

vectors(eigenstatesof the empty cavity matrixVl, respec-
tively. The expressions fan, andn, are obtained fronm;
and n; by reversing indices 1 and 2. The self-saturation
coefficients.b,,d;(b,,d,) as well as the cross-saturation co-
efficientsa;,,bq,,d1, (@21,b51,d21) have been obtained in
the Doppler limiting case in the approximation of three re-
laxation constants. They take on the following forms:

)

b;=(R1+R;+R3)Lg, d;=(R;—R;—R3)Ly,

a12=[(R1+R3)y1 +(Ri+Ry)y,]L1 +[(R1+R3)L3

+(Ry+R)L4]L . 8)
The expressions fds,, andd,, are obtained frona,, under
the substitutions R;+R;—R,,R;{+R,—R; and
R1+R3—>R1_R3,R1+R2—>R1_R2;
y1tYaf y
Lo=exp(—x3) +——, 9
A T ©
L= 2 - ! 10
1= X —x]) y+iAx  y+ix)’ (10
L,=exp —x2) L Ne (12)
2 VY2l V3Ax T yFixg )
L —1 L ! 12
3Ty HiIAXT Ty, t+iAX” (12

Here x=(x1+X,)/2, AX=(X;—X2)/2, ¥1,= ¥ap/2Ku, and
R:,R,,R3 are the angular momenta functiofs] (for the
jb=1—]j,=2 transitionR,;=0.46,R,=0.01,R3;=0.21, for
thej,=2—]j,=2 transitionR;=0.26,R,=0.21,R;=0.21),
N1,=N;J/N is the ratio of the Fourier component of the
inverse population density to its value averaged over the cav-
ity length [24]:

Nuo [ N2je 0 s / | N@z a3
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The coefficients b,,d,,a,;,b,,,d,;, are obtained from 6,=d;—d;,+ by,
by,d1,a12,015,d;, by replacingx, , with X, ; in expressions
9-(12). =(Ry;—R,—Rg)(y1+Y2)exp( —x7) (1+ Nyp)ly.
In spite of the fact that the phases of emitted waves do not (15)

influence polarization instability, as shown [d6], these
variables are included in the consideration, since they will be At the j—j+1 transitions {>0) R;—R,—R3>0, at the
used further to explain the experimental results. j—1] transitions (# 1/2) R;—R,—R3<0, and at the neutral
transitions this expression is equal to zero.

Under the assumption thafx<y; ,,y; ;= v, p/2KU; in
the vicinity of the line center{<y) the stationary solutions
to Eqg.(14) can be found analytically:

ll. SPONTANEOUS PULSATIONS AND POLARIZATION
MULTISTABILITY AT DIFFERENT CAVITY
ANISOTROPIES AND DIFFERENT TRANSITIONS
BETWEEN THE WORKING LEVELS (THEORY) ®,=0, £7/2,£,=0, (16)

Polarization of radiation in the anisotropic-cavity gas la- ®,=+m/d, sinh Z,— +{— al2q— (a2l4g?—1)Y2,
ser is determined by the nonlinear anisotropic properties of (17)
the active medium, anisotropy of the empty cavity, and ex-
ternal fields[4]. Therefore it makes sense to see, from the ¢ —+ /4, sinh Z,= +{— al2q+ (a?l4q2—1)2),
point of view of the model proposed, how each of these (18)
factors influences polarization instability.

Here a=27,60,,q=sindy, 2y is the value of linear phase
anisotropy.

For thej— | transitions at all values af two orthogonal
linearly polarized waves, described by Ed6), are stable.

A gas medium which is isotropic in the absence of lasingror the j—j+1 transitons in the region of:
becomes anisotropic due to the nonlinear interaction withy/4< sin2y<(a/4)'? a steady-state regime with periodic os-
emitted polarized radiation, or due to the influence of exterxillations of intensity, ellipticity, and azimuth of the emitted
nal fields. The anisotropic properties of the gas medium irfield is realized. The limit cycle occurs at the point
radiated by two elliptically polarized waves were studied iny* = (1/2)arcsing/4)"? due to the Hopf bifurcation and is
[34]. In the case of isotropic cavity, the state of polarizationdestroyed at the point** = (1/2)arcsing/4) due to the ap-
of the emitted field is fu"y determined by the active medium pearance on it of the Steady-state saddle-node pwa for
anisotropy, which is governed mainly by the type of transi-example [41]).
tion between the working levels. _ . The longitudinal magnetic field imposed on the active me-

As is known (see, for example|30]), in a single-mode  gjum in the presence of linear phase anisotropy of the cavity
isotropic-cavity gas laser at the—j+1 transitions [>0)  provides a wide variety of one- and two-frequency regimes
the linearly polarized wave is stable, while at the'j tran-  considered if16].
sitions (j # 1/2) the circularly polarized wave is stable.

We do not consider the neutral transitions
jb=0—]j,=1jp,=1/2—j,=1/2 in this paper. They can be i i i , .
considered on the basis of Eqg1)—(4) with a more com- Clrcglar phase anisotropy arises in a standlng-wave gas
plicated model of relaxation constants. Polarization dynam!aser with a Faraday element inside the cavity. In the case of

ics for the neutral transitiop,=0— j,=1 is investigated in €dual intensities and orthogonal states of polarization of
detail in[5,6). emitted waves, which is realized in the vicinity of the line

center, Eqs(1)—(4) are reduced to a system of three nonlin-
ear first-order differential equations of the following form:

A. Anisotropic properties of the active medium
in a single-mode gas laser

C. Circular phase anisotropy of the cavity

B. Linear phase anisotropy of the cavity

Spontaneous pulsations and multistability in a laser with dly Py 1 i —
linear phase anisotropy were studied in detail in earlier E:mRﬂ’F_z_m(l_ez“ﬁ)(l_tanh?Eﬂ
works[16] and here we shall briefly recall the principal re-
sults. —.

Anisotropy of such a type arises when a birefringent plate ~11(6,F fotanhZ, )} ' (19
is placed inside the cavity. As shown [ia0], amplitude an-
isotropy leads to the stable one-frequency operation, there- dfy i dign —
fore we shall investigate hereinafter mainly the influence of EZZ—TO(l—e )—il{6tanhZ, +i 5 (20
phase anisotropy on polarization instability.

In the case of equal intensities,1,) and orthogonal 2 is the value of circular phase anisotropy.
states of polarization®,=®,+ w/2, {,=—§;) of emitted As follows from Egs.(19) and (20), the intensity and
waves, when the changes in intensity with time can be neellipticity do not depend on the azimuth. Becausés a real
glected (1,=1,=1o), Eq. (3) is reduced to function, atAx<ty; ,, the azimuth, in turn, changes indepen-

dently of these two variables. In this case, the influence of
df, 1 o ) — - oo ’ )
— e (1-€*")sin2f,—il o6 tanhZ;, (14)  the longitudinal magnetic field can be easily taken into ac-
dr 279 ’ count. Indeed, at the line center tuning=0),
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AW=AW' +iAW'~2A{AX(1—4y/Jm) +i[y— 1 The Jones matrix of the cavityl for one round-trip with
5 5 5 the above-mentioned sequence of elements when starting at
+2(A2%/3—y2+ Ax2+ Axy/A) 7]} the pointP and going in the directiofi+) takes on the form

andAW' <AW", so that the magnetic field practically influ- . . . (cosp —sing e’ 0 \(eé¥ o0

ences only the rate of azimuth rotation. It is also obvious thatM=M"M "= sing  cosp 0o e/l o ei¥

circular phase anisotropy in the caviithe Faraday lasgr

and a longitudinal magnetic field on the active medi(ihe cosp —sing

Zeeman lasgrat x=0 equally influence the state of polar- sing  cosp

ization of the emitted field.

The stationary solutions for intensity and ellipticity can be
found analytically: (e2i¢co§¢—e‘2“” sirt ¢ —sin2¢ cos2y )
= ; —2iy _ Q20 .

(P,/P—a) Sin2¢ cos2y e 2lcogp—e? sirt e

_ ab,
l,=——, tanhZ,=

2 GO

(24)

P,/P — Here s and ¢ are the values of linear and circular phase
l1= 0.+ 6, tanhZ,=+1, (220 anisotropy, respectively.
This configuration of elements is convenient for control-
(P,/P—2a) L ling polarization of radiation in practice. Creating a small
|1:1—, tanhZ;=—1, (23) constant linear phase anisotropy and adjusting the value of
0,1+ 0, current in the Faraday element, it is possible to change the
eigenstates of the cavity from linear to circular ones. The

a=(1—cos4p)i2r,. _ eigenvalues of the matrikl are found analytically:
The stability analysis of these solutions shows that for the

j—]+1 transitions at all values of the cavity anisotropy
the solution (22) is stable(equilibrium state is the nogiethe \1,=COS2) COS2p+ \/COS2¢ COS2¢p—1,  (25)
solution (23) exists but it is unstable. For the—| transi-

tions . 'f the region of ¢, Saﬁ',gfy'”g the. |nequgllty and the frequency difference between the cavity eigenstates

P<d*=0.519P,0,/[P(6,+ 6,)]}% the solution(21) is is determined by the expression

unstable. It describes a wave with a rotating azimuth, con-

stant intensity, and ellipticity whose value depends on the

value of the cavity anisotropy. Ab> ¢* a wave with right W1~ W= 2arccogcos2yy cos2p)c/L. (26)

circular polarization (22) is realized, the solution(23), de-

scribing a wave with left circular polarization, is unstable. L i , L. i
The analytical solution&l6)—(18), (21)—(23) enable us to F_’olarlzatlon of the cavity eigenstates satisfying the condi-

follow the evolution of the state of polarization of the emit- 1ONS[34]

ted field when the anisotropy of the empty cavity grows from

zero and it changes from isotropic at=0 (¢#=0) to Myot My o

strongly anisotropic aty>¢* (¢>¢*). At very small o ColPamt Pou+i(Eamt Eam) ],

(@) #0 for thej—j+1 transitions one linearly polarized 1 ez

wave breaks down into two orthogonal circularly polarized

waves meanwhile for thg—|j transitions one circularly po- Mor—m COSDns+ Donsti(Errit £a
larized wave breaks down into two orthogonal linearly po- a4 1z _S{ M M _(il'v' EZM)], (27
larized waves with different frequencies. Instabilities arise M7 M2 sSif®yy+Poy+i(Eimt+ Eam)]

when polarization of these two waves and polarization of the
cavity eigenstates differ greatly from each other. The empty -
cavity anisotropy, affecting the emitted field polarization, WNerem; are the elements of the matrid, takes on the
changes the anisotropy of the active medium, and the aton{€™™m
of the medium begin to irradiate the electromagnetic field
whose polarization is determined mainly by the anisotropy of B =0. SINh2Z = —si

X . . =0, sinh = —sin2¢ cot2y,
the cavity. In this case, the scheme of connection between M Zam ¢ cotz)
the atomic sublevels is changed. Precisely this fact shows
obviously that polarization instapility is a manifestation of Doy =712, Eop=— &1 - (28)
the competition between the anisotropies of the nonlinear

active medium and empty cavity. ) ) o ]
The major axes of ellipses of the cavity eigenstates which are

determined by expressior(28) coincide with the principal
axes of the birefringent plate. In this case, the equations of

Elliptical orthogonal eigenstates are realized in the cavitymotion (1)—(4) near the central tuning are written in the fol-
with a birefringent plate 1 and a Faraday elemefFig. 1). lowing form:

D. Elliptical orthogonal eigenstates of the cavity
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MHz The initial conditions are taken as follows:

*—"I I f—*IH 19=19=¢9=¢3=0, ®I=0, 3= =/2.

J =+l e+l Spontaneous pulsations of intensities, azimuths(b),
and ellipticities(c) of the waves 1 and 2, shown by solid and
dashed lines, are given in Fig. 2, | gt=1 mrad, $=0,
H=0 Oe and Fig. 2, Il aiy=1 mrad,¢=0,H=1 Oe for
thej,=1—],=2 transition without and with the Earth mag-
netic field, respectively. Figure 2, Ill and Fig. 2, IV show
spontaneous pulsations in the case of orthogonal elliptically
polarized eigenstates of the cavity for smalt=1 mrad,
¢»=0.25 mrad,H=0) and large ¢{=1 mrad, =1 mrad,

_roll¥ Y ; LT
e G " e sy H=0) values of ellipticity, at thej,=1—j,=2 and
jb=2—],=2 transitions, respectively. Figure 2, V shows
o OIH O O O O polarization instability, which appears as rotation of azi-
J= I+l J— 1= muths with constant intensities and ellipticities, at circularly
L « 88 © polarized eigenstates of the cavity ajpg=2—j,=2 transi-
= a4 e tion for (¢y=0 mrad,¢o=1 mrad,H=0). Hereinafter all the
X f:a 30 parameters, except for the coefficiel®g,R,,R3, are the

o 185

& same for thg —j+1 andj—| transitions.

It follows from the results presented in Fig. 2 that spon-

165

‘o o1 B) taneous pulsations in a single-mode gas laser with weakly
3 oo NIV % o0 anisotropic cavity exist at both thje-j+1 andj—j transi-
10 el i o4 tions for small(including zerg and large values of elliptici-
138 1435 149 y 138 1435 149 . . . . .
Time (us) D e (a5 ties of the cavity eigenstates, respectively. They manifest

themselves as periodic oscillations of intensities, ellipticities,
and azimuths of two emitted waves or as oscillations of in-
tensities and ellipticities and rotation of azimuths. Such a
*behavior corresponds to the limit cycles of the first or the

FIG. 2. Polarization instability at different eigenstates of the
empty cavity and different transitions between the working levels
(shown at top of each columinTemporal evolution of intensities

(a), azimuths(rad) (b), and ellipticities(c) has been calculated for second _kind' . .
y=1 mrad, H=0 (1), y=1 mrad,H=1 Oe (Il), =1 mrad, The influence of the frequency detuning from the gain
$=0.25 mradH=0 (Ill), =1 mrad,=1 mrad,H=0 (IV),and  Profile center on the operation of the single-longitudinal-
=1 mrad,H=0 (V). mode laser has been studied in the region of phase anisot-

ropy values where polarization instability takes place. It has
been found that besides spontaneous pulsations, one-

dly Py 1 Ao 1- cos2D, frequency stationary regimes with orthogonal states of polar-
P cosh2 ;,ycosh , ization given by the cavity are possible, and the laser opera-

tion depends on the initial states of polarization, i.e.,

_ _ _ polarization multistability takes place.
—tanh2§1Mtanh2§1> —1(61+ eztanh2§2)], (29) Figure 3 illustrates polarization multistability at different

eigenstates of the empty cavity and different transitions be-

tween the working levels. The parameters of the active me-

df 1 N sin2f dium and empty cavity are the same as in Fig. 2. Polarization
_1:_( — —2)(—1+|tanh2§m) multistability in the case of linear phase anisotropy of the
dr 279\~ M\i/\coshy cavity is shown in Fig 3, 1, Il under several different initial

_ _ condltlons I12 DI=¢) = O<I>2 w2 (a), 19,067 = +1

il 16,tanh2t. (30 (b) 19,20 200,20 (0), 10 = £2,= 000 s /2 [(d), 1],

2 0512 1 [(d), Il]. Here solid and dashed lines denote

At &1 om=0 (birefringence only and até;ym=*1 the emitted wave 1 withd,;=0,£,=0) and wave 2 with
(Faraday rotation on)ythe equations of motion for orthogo- (®,==/2,£,=0), respectively; the triangular-marked line
nal linearly and circularly polarized eigenstates of the emptyhereinafter shows spontaneous pulsations. The arrows in Fig.
cavity follow from Egs.(29) and (30). 3 indicate the transition between two stationary orthogonally

Figure 2 illustrates spontaneous pulsations at differenpolarized solutions at large detunings which occurs through a
transitions between the working levels and different eigenvery narrow region with polarization instability. Figure 3 I
states of the empty cavity, whose polarization changes frorshows the same as Fig. 3 |, but in the presence of a small
a linear(columnl) to a circular(columnV) one(shown at  Earth magnetic field, which widens the region of detunings
top of each column Here the results are presented of thewhere spontaneous pulsations take place. The transition be-
numerical integration of Eq$1)—(4) at the following param- tween two orthogonal linearly polarized waves which occurs
eters of the active medium and empty cavity of the He-Nethrough the region of detunings with polarization instability,
laser (=0.63um), #n;=7,=1.9, c/L=612 MHz, shown in Fig. 3, (a and Fig. 3, I{a), was observed experi-
y;=0.011,y,=0.005,y=0.2, kol =0.025, x=0, Ku=870 mentally in the He-Ne lasem(=3.3922um, j,=1—j,=2
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—] — |
1
~~~~~~ (a) (a)
®) (b)
© ()
,,,,,,,,,,,,,,,,,,,,,,, © s,
07 oo ov 07 o0  or FIG. 4. The schematical representation of the experimental
x=(we—w)/Ku x=(we—w)/Ku setup.
0 I O OW O O v IV. EXPERIMENTAL STUDIES OF POLARIZATION
Il I I d INSTABILITY AT ELLIPTICAL ORTHOGONAL
S, @ ) e EIGENSTATES OF THE CAVITY
(b) (b) . . . .
) This section describes the experimental study of the phe-
© A @ nomenon of polarization instability with the aim to show the
AAAAAAAAAAAAAAAAAAAAA @ ) @ scope of validity of the proposed model.
-0.7 0.0 0.7 -0.7 0.0 0.7 -0.7 0.0 0.7 .
x=(cso—w) /Ku x=(00—)/Ku x=(wo—)/Ku A. Experimental setup and results

Experimental studies were made using a helium-neon la-
FIG. 3. The schematical representation of polarization multistaser operating at the2-2P, (A=1.15um) transition with
bility at different eigenstates of the empty cavity and different tran-adjusted values of circular and linear anisotropy of the cav-
sitions between the working levels. All the parameters are the samidy, which is schematically represented in Fig. 4. To reduce
as in Fig. 2. the influence of vibrations and temperature changes on the
emitted radiation parameters, the laser was mounted on a
massive plate made of a material having a low coefficient of

. _7 _1 . .
transition with linear phase anisotropy of the cavity[ig].  thérmal expansion+10"" K ~7) installed on a foundation
Polarization multistability in the case of elliptically polarized With vibration isolation. The active element—a gas-
eigenstates of the cavity is shown (Rig. 3, Ill, IV). The discharge tube 1 with the capillary diameter 1.5 mm and
L s : 0 _ 10_ active gap length 155 mm was sealed by windows with a
initial  conditions in column 1l are I;,=®;=0, . ; . : . ; :

0 _ 4024009 /2 19 -0 —+1 (b) 19.—° high-quality antireflection coating which were tilted to the
51120_— e 20_77 ((?)’ 12 - _'51,2_— ( )’0 L2 7Lz capillary axis at an angle of 5° in two mutually orthogonal
2051,2:0 (©), 17,=0.81,=1 (d); |(r)1 CO'“é“” !)VI1‘2=;I>1=0, directions. This minimized the residual interference in the
§1=04D,=7/2 (@, |j,=P1=§,=0P,=7/2  windows without affecting the high degree of active element
(b), 19,=®2,=¢7,=0 (0), 19,=0,62,=1 (d). Here solid anisotropy as a whole. The 0.36 m long laser cavity is
and dashed lines represent the stationary states of polarizeermed by a dielectric flat mirror 2 and mirror 3 with the
tion, determined by the empty cavity. Polarization multista-curvature radius 2.5 m which have reflection coefficients of
bility in the case of circular phase anisotropy of the cavity is99.2%. The Faraday element 4 with antireflection coatings
represented schematically in Fig. 3, V for the initial condi-was placed inside the cavity. Circular anisotropy of the cav-
tions |2,2= e 52’2: +1 (a), |C1>‘2:q)(l>: 52’2: 009=m/2 ity was controlled by varying current in the Faraday element.
(b) |22:O§2 =1 (c) |22: 52 2=0<D22=0 ) Linear phase anisotropy was adjusted due to the effect of

Here the solid and dashed lines show the waves with rig]hl?homela"StICIty by squeezing one of the active element win-

and left circular polarization, respectively. In the case of or-dOWS with the aid of a specially designed device with electric

thogonal circularly polarized at the initial moment Wavescurrent control. The portion of the laser emission that passed
9 yp through the mirror 3 was divided by the Wollaston prism 5

three solutions can be found, and the transmon from th? ”ghﬁwto horizontally and vertically polarized components which
circularly polarized wave to_ the left C|r.cularly. polanzgd were detected by wideband photodetectors 6 and 7, respec-
wave occurs through the region of detunings with polarizayely | ikewise[10] we can also represent the emitted field
tion instability [Fig. 3 V(@)]. The polarization behavior of iy 4 hasis set of right and left circular polarizations by insert-
such a type has been observed experimentally in the He-Ngg a quarter-wave platex(4) 8 in front of the Wollaston
laser (. =3.3912um, j,=1—j,=1 transition [11]. prism, whose principal axes were alignedr# with respect
Polarization multistability is a consequence of spontanetg those of the Wollaston prisipreviously aligned with the
ous pulsations. Depending on the initial states of polarizatiofplane of the experimental $efThe signals from the photo-
of emitted waves, it leads to the existence of stationary andetectors 6 and 7 reached the two-channel digital oscillo-
self-oscillating regimes in different regions of detunings.scope connected with the aid of an interface to a personal
This effect can be used in practice to stabilize the operatioeomputer 10. The second portion of the emission having
of lasers with internal mirrors where polarization instability passed through the beamsplitting plate 11 reached the pho-
arises due to imperfections of the optical elements. todetector 12 which monitored the total intensity output of



5060 L. P. SVIRINA, V. G. GUDELEV, AND YU. P. ZHURIK 56

the laser. To check the value of cavity detuning and the EXPERIMENT THEORY THEORY
mode composition of radiation and to estimate the degree ¢ 20
ellipticity of the emitted field in the single-mode regime, a @)
confocal scanning interferometer 13 was used. The portio
of radiation reflected by the beam splitter 14 on passinc
through the polarizer 15 hit the photodetector 16 which in-
dicated the beat signal in the two-frequency operation. Thi
beat signal’s spectrum was controlled by a spectrum analyz¢
17.

Since practically all elements in the cavityirrors, active
element windows, and the Faraday elemdatture linear
phase anisotropy due to the internal mechanical stresses a
the microstructure of the reflecting and antireflecting coat-
ings, preliminary orientation of the active element and the
Faraday element with respect to the plane of the set wa
carried out, so that one of the principal axes of the tota
phase anisotropy coincided with this plane. Then one of th
windows of the gas-discharge tube was squeezed in the d
rection perpendicular to the set plane, thus creating initia
anisotropy of the cavity~15—20 mrad. The value of this
anisotropy was measured from the beat frequency of or
thogonally polarized waves in the two-frequency operatior
which was provided by imposing a transverse magnetic fielc
on the active medium. Compensation of the initial anisotropy
was provided by squeezing the other window of the active
element in the orthogonal direction by means of a current
controlled device. Minimization of the total linear phase an- 0
isotropy was carried out by the minimum beat signal fre-
guency in the regime of lasing of two stationary elliptically
polarized waves. Calibration of the Faraday element was car- FIG. 5. Temporal evolution of they components’ intensities
ried out by the beat frequency of circularly polarized waves!'xy and the total intensity from sinusoids, observed at=1.1
at central tuning of the cavity and witii~0. To minimize mrad(a) t.hrough the distorted sinusoids, observe@batO..SG mrad
the influence of the frequency pulling near the region of(P) to spikes, observed at=0.49 mrad(c). The numerical simu-
locking, calibration was carried out at considerable fre-lation was carried out, respectively,st=0.9(a), 0.75(b), and 0.56

quency splitting€0.5—-2 MH3. mrad(c); ¢=1.1(a), 0.45(b), and 0.23 mradc). The experimental

Primary consideration was given to the operation at mini-values Ofly.I hereinafter are given in arbitrary units.

mum values of linear phase anisotropy and small valses ( i ) )
mrad of circular phase anisotropg. At =0 in the entire %= 0.6 mrad,¢=0.3 mrad(c). The idea of the experiment is
region of detunings a one-frequency regime corresponding tilustrated by the diagram in Fig. 6, which shows the steady-
the locking of frequencies was observed. Introduction of cir-State solutions to Eq¢29) and(30) on the plane of and¢
cular phase anisotropy inside the cavity leads to a stablg@lculated numerically at central tuning for the experimen-
two-frequency regime with orthogonal elliptically polarized tally explored parameters. Region |, where the limit cycle of
waves. This regime occurs due to the reduction of the lockih® second kind exists, is bounded by the line on which the
ing zone with increasing ellipticity. The transition from the HOPf supercritical bifurcation takes place. On theaxis the
two-frequency regime to the single-frequency one depends tmit cycle of the first kind is realized, in region Il two or-
a great extent on the values of residual phase anisotropy afgegonal elliptically polarized waves appear. The path in the
cavity detuning. experiment from stationary to nonstationary two-frequency
In the linear basis of registration, at the line center tuning?Peration[from (a) to (c) in Fig. 5] is shown by an arrow.
when circular phase anisotrogy decreases from the values
corresponding to the sinusoidal form of the indicated signal
[Fig. 5(@)] to zero, there occurs first a distortion of the sinu-
soidal shape of the beat sigri&lig. 5b)]. In a very narrow 1.5

(2) 1.93

(a)

T0 4w B0 o 40 80
Time (ps) Time (us)

40 80
Time (1s)

2.0

5
4
: 3 Yapt
range of¢ values between the region of two-frequency op- £ ;. & g I
eration and the locking zone, antiphase periodic changes i § F 52
the orthogonally polarized components having the form of 6 1 / l
sp|ke§ take placgFig. 5(c)]. Figure 5 shows the _tempqral 0.0 ({5 S0
evolution of thexy componentd, I, and the total intensity Y(mrad,) y(mrad)
| of the signal from sinusoids to spikes é&=1 mrad (a),
¢=0.6 mrad(b), $=0.4 mrad(c). The intensitied ; ,, el- FIG. 6. The diagram of attractors on the plane of linear and

lipticities &; ,, and azimuthsb, , were calculated aty=1  circular phase anisotropy parameters calculated at central tuning
mrad, ¢=1 mrad (a); #=0.8 mrad, $=0.5 mrad (b);  x=0.
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Here sinusoids appear at poifst distorted sinusoids are lo- EXPERIMENT THEORY THEORY

cated near the line of the Hopf bifurcation, and large spike: 00 w0 @ 15 (@

were found at poinC. The spike repetition period changes _ s @ 20 5

slowly with the drift of the cavity parameters and it is very . o oo

sensitive to changes i, ¢, and cavity detuning. In spite of 100 40 L5

the significant changes in orthogonal components, the tote - _ ~20 o5

intensity of two waves was modulateda{10-15% of the 0 00 s

cw level and it has the same frequency of oscillations a« 40 06

orthogonally polarized components. Such features have be¢ -+ 4 =20 00

found both for the distorted sinusoidal signals and for spikes 0 a0 —06 )
The oscillations of the total intensity have been observec 100 0 o) <22 | I

in the case of linear phase anisotropy of the cavitj9iiQ. ~ 50 ® —Bo S L

In the case of circular phase anisotropy of the cavity the tota 0 ]

intensity was constaritL1]. All the experimental observa- 100

tions are in agreement with theotgee Fig. 2 7 50

[}

The transition from the two- to one-frequency regime is
asymmetric about the detuning. For instance, in scanning th -
cavity length from the region of negative valuesxahrough
the center, first the one-frequency operation of an elliptically
polarized wave withé~0.3 is observed, then the region of -~
polarization instability with spikes in the orthogonally polar- R
ized components appears. Next comes the region with ar g
tiphase changes in intensities of orthogonal component: s
which have the shape of distorted sinusoids. Minimum dis: 0
tortion of sinusoidal signal takes place at central tuning. Ate 100

IS

100
50
4

100

given value of detuning>0 there occurs a transition to the 50 AL
region of one-frequency operation of an elliptically polarized T e 00— 06 S S
wave whose ellipse major axis is perpendicular to the ellipst Téme (us) Time (us) Téme (us)

major axis of the wave observable xat.0. The transition

between two stationary orthogonal elliptically polarized FIG. 7. Same as in Fig. 5, but at the detuning from the line
waves is illustrated by Fig. 3, l&). Analogous behavior of center &=0.15).

polarization parameters has been observed experimentally in

[9,1]] at linear and circular eigenstates of the cavity. Due to

the asymmetry of the gain profile the transition to the one-

wave stationary operation depending on the value>p€an

proceed through the region of spikes or through the region ¢ @ ) THEORY ©

distorted sinusoids. In the second case, the transition to tt  ————" o o

locking zone is the same as in the case of the stationar

two-wave operation. T e - Z:
0.0 0.0 .

Detuning to the range of positive was accompanied by ©o 40 40
the switch of orthogonal components which occurs at som

=20 = 2.0 20
positive value ofx#0. Figure 7 shows the same character- WVMW WMWV W/V\MMM

istics as Fig. 6, but at=0.145(75 MHZ. 10 20 20
The polarization behavior for the negative detunings is - 2o Vr\J RN “ap w L 4 z.oWMW
very much the same as for the positive ones, but the intens  , A 00 Uty o0b——
ties of waves 1 and 2, as well as the orthogonal componen ¢ ¢ o
of the registered signal, are replaced. © EXPERIMENT ©
The registration of a signal in the circular basis has )
revealed the same conformities as in the linear b@&sis 8). 100 e 100 100 f~rmmr ]
~ 50 — 50 ~ 50
B. Analysis of the experimental results 102 mz wz
In experiment, polarization instability manifests itself as  ~ so{ | 1 2ot TYVIV] soff [ 4 ]
periodic oscillations of orthogonal components of the lase! 0 0 0
output of two qualitatively different forms: distorted sinu-  1° 100 100
soids and large spikes. Distorted sinusoids appear near tt ~ *° M T L -0 W
Hopf bifurcation point. The spikelike oscillations were ob- %o 4o o ’s o ®e 4w o
served in the narrow region of parameters on going from the Time (us) Time (us) Time (us)

two-frequency operation to the locking zone: at the line cen-

ter tuning when the frequency difference of emitted waves is FIG. 8. The spikelikex orthogonal components of the laser
decreased and at detuning from the line center. Theoreticallputput, observed experimentally in the circular basis and calculated
polarization instability has been found at the same values afiumerically atx=—0.15(a), x=0 (b), andx=0.15(c).
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parametergsee Fig. 6 and theoretical curves in Figs. 5,)7, 8 T, = 2E 01 EoxsCOS AW + AW + AW ,). (34)
and it appears as spontaneous pulsations of the characteris- X X=0x X s
tics of two emitted waveslaser eigenstatgsTo compare This expression contains the following variables, which

these two manifestations of the phenomenon, let us considgferiodically change with time: the amplitudes of theom-
the experimental!y r_egistered signal, which represents'the irbonentsE()xl, Eoxo, the phase differenca ¥, caused by the
terference of coinciding components of two nonstationangomplex nature of the electromagnetic wave vector due to
laser eigenstates observed in the orthogonal linear and cirC¢he account of polarization parameters, and the phase differ-
lar bases. o enceAW ¢ caused by the difference of the stationary lasing
It should be noted that the laser radiation in the selfequencies of waves 1 and 2. It has been found numerically
pu!smg regime is ne|ther monochromatlc nor completely poipat changes in the amplitudes x§ components are negli-
larized. Nevertheless it can be described by the Jones VeClgfhle and the main contribution to the registered signal is
whose am_phtude and phase slowly vary with time, but they,aqde by the quantitA W, , which oscillates with the fre-
frequency is constant and equal to the mean frequency of tht‘fuency of spontaneous pulsations, and by the quattity,
wave packagé), which is the |a5'”g_ freq_uency in Eq&l)  \which changes with time with the frequency equal to the
and(2) [Q=wL/(c7y)]. In thexy basis, this vector takes on stationary frequency differenc®(;.

the form([42,34 The periodic naturédistorted sinusoids and large spikes
| 120 o () of the registered signal follows from expressi@8) in the
E=( (71 ) ( )exp{i[‘l’(T)‘i'{f']}- case where the lasing frequency differenc@, is equal to
cosh2 (1) sinf(7) the frequency of spontaneous pulsatiéhg;:

(31

AQ=Qg,. (35
Here ¥ (1) is the phase slowly varying with time which, ] ] ) .
according to[42], is determined a® (7) =W, (7)+ V(1) We have estlmated_numerlcally t_he lasing freql_Jency d|_ffer-
and is the solution to Eq$l) and (2), ¥, = arctarié tand), ﬁnceglE_Qfl?t (s;lt)atlonary olpteratlon ‘_’I_VE_e” the tt'ltm?j denva;
=~ . i ives in Eqs.(1)—(4) are equal to zero. This quantity does no
\rIr:entrgz), gnzd?fi(sot)ﬁ:,cfst?cz g]aethplr:aa;lsgeiha;ltgr?glr:rl::aa::g/?ty satisfy eqqality(35), the discrepancy is about a few dozens
axis. The lasing frequency in the nonstationary regiinean percent. Itis knowrﬁseg, for exampldAS)) that the presence
be regarded as the “reference-frame frequendgke, for of spontaneous pulsations can lead to the appearance of an

. . . additional beat frequency. Since the change of the sign of the
examp'e'[“?"“‘])- In the slowly varying amplitude approxi- frequency difference cannot be revealed experimentally, we
mation for times smaller than the inverse value of the SPeCL nsider the mean of the absolute value of this
tral linewidth and much larger than the period of oscillations o o
at the optical frequency, the radiation, described by expresquam'ty' [AQ[=[dW /dr—d¥,/d7+ 0, ~Qyf, where

sion (31), can be considered as monochromatic and comd¥1/d7—dW¥,/d7 is the instantaneous frequency difference

pletely polarized42]. Let us consider the interference of the ime averaged over a period of spontaneous pulsafiébis
coinciding components of such two waves. In thebasis, ' The instantaneous frequency is determined by the expres-

the intensitied, and 1, of the componente andc of the ~ S'O"
registered signal are determined as
Ix:|Exl+Ex2|2:|Ex1|2+|Ex2|2+TXa %: i _& % e . ﬂ _
dr Imj itanh2¢ P + S tanh2¢ +i S i(Q1—Qq0)
T, =2RgEEfLexdi (AV+A W) ]}, (32
1 (1 )\2) L cos2b,
ly=|Ey1+Ey|?=|Ey|*+[Epl*+ Ty, 270\ 7 N\g cosh2 ), cosh
Ty=2ReE Elexi(AV+AV)]}. (33 o o
_tanh2§ 1Mtanh2§1 - I 1(b1+ dltanhZE%) - |2 alz
Here AV .=AQ,7=(Q,—Q,)7 is the phase difference
caused by the difference of the lasing frequencies of waves 1
and 2,A\P0=\If_1(0)—llf2(0) is the initial phase diff_erence. . cosAd,—d,) L .
The orthogonality of waves 1 and 2 and the equality of their +bj,—————=+dtanh2tanh2¢, | | .
intensities, which is exact at the center tuning, leads to the coshZcoshZ,
equality E,,=-E};, E,,=Ey. Therefore |E,|?
+|Eyx2|?=|Ey1|*+|Ey,|? and the information about the reg- (36)

istered signal IS contained in the quan;utlla§, ly: Ejue to Here(), is the lasing frequency at stationary operation. The
ﬁ]e orthogonahty of waves 1 and B, E,;=—Ey,Ey; and expression fordW,/dr can be obtained from Eq36) by

I v~=—1y. This condition explains the antiphase nature ofreplacing index 1 with 2. This value was estimated numeri-
oscillations ofx andy components of the registered Signal. Ca”y and it is very close to the frequency of spontaneous
The expression fot , can be given as pulsations(l, (the discrepancy is about a few peroent



56 SPONTANEOUS PULSATIONS IN GAS CLASS.. .. 5063

A detailed study of the phase characteristics of Efs. laser eigenstates in the case where the difference of lasing
and(2) and different reference-frame frequencies will be car-frequencies of these eigenstates is equal to the frequency of
ried out in the future. spontaneous pulsations.

On going from the linear to the circular basis the radiation
is passed through the quarter-wave plat#4§ and the Jones

vector components are transformed in the following way: V. CONCLUSIONS

We have examined a mathematical model of a two-
frequency gas laser, developed on the basis of the matrix

1 1\/1+i O 1 —1\/E, ~ approach, on the possibility of existence of spontaneous pul-
1 1/l o 1—i>(1 1 )(E expiv] sations and polarization multistability at different cavity
y anisotropies and different transitions between the working
. levels with and without an axial magnetic field applied to the
_ V2| E—iEy (T 4+ active medium. These phenomena have been found at lin-
T2 —i(Ex+iEy) exi(¥+¥op)] early and circularly polarized eigenstates of the empty cav-

ity, which were investigated experimentally in previous
12 ) — works, and predicted at elliptically polarized eigenstates.
_ \/_E ' exg—id+ ] In accordance with the theoretical prediction, a series of
-2 cosh2 —iexdi®— €] polarization dynamical phenomena have been observed ex-
perimentally in the He-NeN=1.15xm) laser at elliptical
- orthogonally polarized eigenstates of the cavity.
Xexgi(V+Wop)]. (37) In the case of elliptically polarized eigenstates of the cav-
ity we have revealed experimentally all the known features

The additional phase multiolieF .. in Eq. (37) appears due ©f the nonstationary behavior of polarization parameters,
b PIE¥ op d. (37) app guch as periodic oscillations of two qualitatively different

to the change in the optical path length on passing throug . . : ; e
the plate. This value is the same for both orthogonal compof-Orms (distorted §|nu50|ds and large splkeme transmqn
nents and it is determined as folloys2]; between two stationary orthogonally polarized waves in the

vicinity of the line center tuning which occurs through the
region with polarization instability, and explained them from
the point of view of the model proposed. Some of these
features were observed in previous works at linearly and cir-
cularly polarized eigenstates of the empty cavity. An addi-
The transition to the circular basis is accompanied by thdional phenomenon has been found: switches between the
appearance of an additional phase differendel,, orth_ogonally polarized components Wh_en the output is non-
=W 45— W0 Of Waves 1 and 2 due to the difference of the stationary. The results of the theoretical modeling are in
optical path lengths in the plate caused by the difference ofiluantitative agreement with the experimental results.
the states of polarization of these waves. Taking into account It is shown that the whole diversity of nonstationary po-
these facts, we have calculated the output characteristics larization phenomena in gas lasers with weakly anisotropic
terms of circularly polarized componen(sig. 9. cavities, including polarization multistability, occurs due to
To elucidate the influence of small residual linear ampli-Spontaneous pulsations of intensities, ellipticities, and azi-
tude anisotropy~|\;/\,|=0.9995, whose principal axes Muths of two emitted waves which appear when the steady
coincide with principal axes of linear phase anisotropy, orstates of polarization parameters of these waves become un-
the polarization behavior in the laser under consideration, wétable. The experimentally observed periodic oscillations of
have also integrated numerically Eq4)—(4). It has been the orthogonal components of laser output in the form of
found that this factor leads to asymmetry about the detuningdistorted sinusoids and large spikes are due to the fact that
observed experimentally on going from spikes to the oneexperimentally the interference of two nonstationary eigen-
frequency stationary regime with elliptical orthogonally po- states with a frequency difference equal to the frequency of
larized wave on the right and on the left of the line center.spontaneous pulsations is registered.
Polarization switches between the orthogonal components of We have proved the existence of spontaneous pulsations
nonstationary laser output in the vicinity of the line centerin a two-frequency standing-wave gas class-A laser, caused
occurs also in the presence of small linear amplitude anisoRy the competition of empty cavity and active medium
ropy. This effect is accompanied by the change of the phasanhisotropies. Up to now self-oscillating regimes have been
difference of the two emitted waves an known to be only due to the backscattering phenomenon in
Thus the consideration carried out in this section hading gas class-A lasers.
shown the adequacy of the model of the two-frequency gas
laser [_16], which confir_med the existence of_spontaneous ACKNOWLEDGMENTS
pulsations in the experimentally explored region of param-
eters and explained all of the polarization effects observed We are grateful to N.B. Abraham for the fruitful com-
experimentally, including periodical oscillations in the form ments and for sharing the results [&—7] with us before
of distorted sinusoids and large spikes obtained in the lineaheir publication. The research described in this publication
and circular bases. These oscillations result from the interwas made possible in part by Grant No. RWVOOO from the
ference of the coinciding components of two nonstationarynternational Science Foundation.

Y p=expliard (Ex—iE,)/E,)]}.
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