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Investigation of Self-Induced Depolarization of
Laser Radiation in Terbium Gallium Garnet

Efim A. Khazanov, Oleg V. Kulagin, Sanichiro Yoshida, David B. Tanner, and David H. Reitze

Abstract—Absorption of laser radiation in magnetooptical dependence of the Verdet constant. This introduces a nonzero
materials results in a temperature gradient which induces depo- electric field vector in the orthogonal polarization channel,
larization due to both the temperature dependence of the Verdet g iting in a reduction in both the optical throughput and the
constant and the photoelastic effect of thermal strains. This . lati tio with t to the initial ali t Th d
results in a limitation of the isolation ratio of Faraday isolators ISola '(?n r_a 'O_W' respect to the iniual a Ignmen - I'he secon
in h|gh average power lasers. Here’ we derive expressions for the ef‘feCt IS b|refr|ngence due to the photoelaStIC eﬁect Of thermal
isolation ratio as a function of beam power, beam radius, angle strains [9]. In this case, initially isotropic media experience
between incident polarization and crystal axis, and characteristics |inear birefringence and initially circular eigenpolarizations
of the magnetooptical material. The theoretical results are com- (paraqay effect) become elliptical ones. The angle of incline
pared with experiments for a terbium gallium garnet crystal. Our . - .

of their axes, their ellipticity, and phase delay between them

results allow us to choose the optimal parameters to maximize the ;
isolation ratio and to compare different materials from this point  vary over the cross-sectional area of the rod such that, at

of view. each point of the cross section, the beam polarization changes.
Index Terms—Depolarization, Faraday effect, photoelastic ef- As a result, a_ po[arlzed input beam becomes depolanzed at
fect, Verdet constant. the output. Birefringence due to the photoelastic effect of

thermal strains has been investigated for cases where the
optical element is isotropic or has linear birefringence in the
absence of temperature gradient [9], [10]. To our knowledge,
ARADAY isolators are a key optical element for manythe self-induced depolarization and consequent degradation of
laser-based applications. In particular, they are often ustm isolation ratio has never been investigated.
in laser applications that utilize high average power in which In this paper, we investigate the effects of self-induced de-
large isolation ratios and high-quality optical wavefronts mugblarization due to thermal strain and temperature-dependent
be maintained. Such requirements exist, for example, in repeftanges in the Verdet constant. In Section II, we derive expres-
itively pulsed lasers with phase-conjugate mirrors [1] and &ions for the isolation ratio as a function of beam power, beam
large-scale interferometric gravitational wave detectors (suddius, angle between the incident polarization and the crystal
as those being developed by LIGO, VIRGO, GEO, TAMA, andxis, and the characteristics of the magnetooptical material.
ACIGA) which will use frequency- and amplitude-stabilizednfluences of the above-mentioned two effects are analyzed.
high-power lasers for sensitive readout of the gravitation&he influence of longitudinal magnetic field variations on
wave signal [2]-[7]. Terbium gallium garnet (TGG) is ofterdepolarization is investigated theoretically. In Section IlI, the
used as an optical element of Faraday isolators in such lasesoretical results are compared with experiments both with
because of its high thermal conductivity and large Verdand without a magnetic field. In Section IV, we discuss our
constant. Previous investigations on high-power propagaticesults and their consequences for isolation of CW and repet-
effects of TGG have been limited to thermal lensing [8]tively pulsed high-power lasers. In particular, we find that
which does not directly affect the isolation ratio. By virtue othe depolarization is predominantly due to thermally induced
its high thermal conductivity, TGG is usually preferred ovelinear birefringence. Finally, we conclude in Section V.
Faraday glass for high-power applications. Here, we report
on theoretical and experimental investigations of self-induced
depolarization of laser radiation in TGG.

Physically, self-induced depolarization is caused by absorp-T0 compute the isolation ratio, we assume that the laser
tion of laser radiation. This absorption results in a spatialjeam has a Gaussian spatial profile and propagates through
nonuniform temperature distribution that compromise the isg-cylindrically symmetric geometry. We consider the general
lation ratio in two ways. The first effect is a change in théase in which the input polarization, crystalline axes, and

angle of linear polarization rotation due to the temperatufigénpolarizations are distinct. We first formulate the Jones
matrix at a given point of the cross section of the crystal.
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E, Equation (5) is valid when the phase retardation caused by the
. S[alaxj);, o o combination of the linear and circular birefringence is much
& | 8,2 birefringence direction smaller than the absolute phase of the light [11]. Physically,
//'f T this corresponds to an overall phase shift of many cycles as
/ NG ®  E, the light propagates through the crystal.
f 1 r 4 ry . From (2)—(4), the following equation fdr can be obtained:
e 5 & e &
\. osiaile v e .'/,‘j crystalaxis ” . § Ctg§ — 1 g cos 2W¥ —F — 1 g sin 2W
TR AR I CORN RS —=Ssin — -
N R 2 o, .6 . o .6
\\\\MM’} 5 4 gl sin 20 ctg5 +1 gl cos 20 o

To evaluate depolarization, it is necessary to compare the

Fig. 1. Crystal cross section. Crystal axes are alongathend y axes.6 L ..
g Y y g Y elliptical output polarization

is the angle between incident polarizatiéiy, and the crystal axisV is the
angle between the eigen, linear polarization and the crystalgissthe polar
angle.sp /2 is the angle between the incident and the reference polarizations. E.. = FFEy, @)
Due to the Faraday effect, the polarization rotates counterclockwise.

with a reference linear polarization. This reference polarization

effects which result from the absorption of laser radiati should represent the output under the ideal situation where the
P GG crystal does not have linear birefringence that causes

ﬁg\?v mitleo“r?l itlijrdoig;rtlsesat(i);tgg Z'Xj;lsé E:‘nfr:g'm\l;enz(:ir::s;ioleg’ée ellipticity (6; = 0). However, since the Verdet constant
9 P P 9 pends on the temperature of the crystal which is a function

affects the depolarization and isolation ratio. of r, the angle of rotatiod. /2 in this “ideal” situation depends
| Th ; . larizati on r, making it impossible to determine such a reference
A. General Theory for Computing Depolarization polarization uniquely over the whole cross-sectional area.

We let the crystal axes coincide with theandy axes, and Thus, we define a reference polarizatiBy using a variable
the polarization of the incident beam be tilted with respect tangle of rotation’, /2 (see Fig. 1) that can be adjusted in such

the x axis by an angl# (see Fig. 1) a way that the resultant depolarization may be minimized (see
below). By this definition, the reference polarizatiéh can
E, = <C.OS 9). (1) be written as
sin 6 5
The total birefringence at radius is the superposition of cos <50 +9>
the circular birefringence (the Faraday effect) and the linear E, = . (8)
birefringence. The former is characterized by the phase delay sin <?0 + 9)

between the two circular eigenpolarizatiois(r), while the
latter is characterized by the phase delay between the twiothe limit that the Verdet constant and herfceapproaches
linear eigenpolarizationg;(r) and by the angle between onezero,s, /2 is 0 andE, becomesE;,,. The fraction of energy in

of the linear eigenpolarization and theaxis, ¥ (r). E_.: that remains in the polarizatioB, can be calculated as
The Jones matri¥'(r) can be found as (hereafter, we omit .l
the argumentr) X = N EowEol” ) (9)
|Eout|2 ) |EO|2

F=M(-U)F,,M(T )
(=) () Equations (1) and (6)—(9) lead to

where M is the matrix representing a rotation of angle

§—6 8 § 5.\
M= cos ¥ sin W 3) 1—x = sin’ < 5 0) — sin? <50> sin? <§> 1= F)
T \—sin¥ cosV¥ 5 s
— 00 . 0 . c
and F,, is the Jones matrix for an optical element having 2 cos 5 sin <5> S <§> <1 B F)
circular birefringence and linear birefringence along thend 52 § F3
11 — Lgin? (2 ) cos?® (20 —20— 2 (10)
y axes [11] 52 510 { 5 :
5 & .6 6. . & _ . o
cos g -ty Sy — Sy Note that in the absence of the circular birefringenge £
Fry = 5 s s 5 - (4) 0, 6o = 0) (10) reduces to the formula representing the case
F“ sin 5 cos o +i§ sin > where linear birefringence alone is present [10], [12]
Hereé is the phase shift between elliptical eigenpolarizations, TN £ S _
which is the quadrature sum of the linear and circular phase 1= o0 =smn sin’ (20 — 26). (11)
shifts

The depolarization ratioy is defined as the power in the
62 =67 + 6% (5) undesired polarization normalized by the total beam power.
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Thus we obtain the following equation from (18):
72 _ 2.2
/(1—X) exp <—7—2> dr Z_T :_C;_PO.—l exp(‘ r/15) (19)
y= 7m,2 0 (12) T TR T
0 where Py = 7rd I is the total beam power. The temperature
where we assume that the laser beam is Gaussian gradient in the crystal witH001]-orientation induces linear
72 birefringence with phase delay and the angle of the eigen
I(r) = Iy exp <—7—2> axis ¥, which vary over polar coordinatesand ¢ [10]:
0
. . . 1/2 .
wherer = |r|. The isolation ratio is calculated ag+. §i(r, ) :47r£Q[1 + ftQQ(Z‘I’)} L7 2dT
For further analysis, let us assume that the linear birefrin- ’ AL 14+ tg?(20) r2 o  dr
gence is much smaller than the circular birefringence (thgan[2w(y)] = tan(2y) VE (20)
estimations below justify this assumption for very high power
levels) where
&1 2pas \° 1dL\ nd 1+v
8e (13) ¢ <p11 —p12> , Q <L dT) 41— (P11 — p12)

and the angle of rotatior./2 is close to the anglédo/2 andL is a crystal lengthy is the Poisson coefficient, ang ;
corresponding to the above-defined reference polarizdfion are photoelastic coefficients. Here we took into account that
_ the crystallographic axes coincide with thendy axes. From
be =0 < 1. (14 17y, (19), and (20), we obtain
Taking into account (13) and (14) in (10) and (12), we obtain 2 .92
the formulas representing the depolarization ratio within ap = {LOCPOQ} Ay sin (80/2) <1—i-(§—1)cos2 <29+6—20>>

accuracy on the order @, /6.)* and (8;/6.)%(6. — &) Arg 8 (60/2)? oh
Y= +p (15)
1 ) »2 where
;= c - 1
W= e /(6 80)" exp < 7)(%) dr (16)

A = /Ooo (1/y — exp(=y)/y — 1)* exp(—y) dy = 0.137.

12 2 .2
vp = % /612 sin? <2\I/ — 20— 6—0> exp <—7—2>dr. . ) o . )
65 - T 2 75 Note that, if the circular birefringence is absent (i&.= 0),
(17) the depolarization ratioy, from (11), (12), (19), and (20)

L o becomes
As we can see from (15), the depolarization ratio is the sum )
of two termsyy- and~yp. The first term represents the part of _ [LOéPoQ} Ay (14 (€ — 1) cos?(26)
the depolarization due to the temperature dependence of angle 0= AR 8
8./2 caused by the temperature-dependent Verdet constant. It (60/2)?
is totally independent of the linear birefringenceg, (). Note = m vr(60 = 0). (22)

that, if 6. does not depend on it is always possible to make
v, = 0 by choosingé, appropriately, and that, does not Here we assumed thdi < 1, as opposed to (13). From
depend on angl®. The second term in (15) represents th&2), we see that the basic features of the depolarization
change of eigenpolarizations caused by the photoelastic efféatjo (dependencies on power, beam diameter, wavelength,
which can either be initially present (due to crystal strain) dhermoconductivity, etc.) do not depend on the presence of a
be self-induced by the laser beam via the induced temperataragnetic field. If there is no magnetic field, the depolarization
gradient. This term is a periodic function 6fwith a period is minimal at the optimal valué.,.o = 7/4 + N7 /2, which
7 /2; hence;y is a periodic function o with the same period. can be explained as follows. While the temperature gradient
and stress are independent of polar angle, there is the preferred
B. Dependence of Depolarization on Laser Absorption direction of the axes of the eigenpolarizations which corre-
. . spond tor/4+ N« /2 [10] due to the natural orientation of the
To consider self-induced effects, we must solve a thermo- . - . .
diffusion equation crystal in these directions (dla_gongl be_tvyeen crystallographic
axes). Hence, the depolarization is minimal when the beam
1d dr a- I 72 polarization is parallel to one of these directions. With a
T dr <7E) - eXp( ) (18)  magnetic field present, there are the preferred (paramount)

directions of the axes of the ellipse of the eigenpolarizations

where o gnd roare thg absorption. coeﬁicieﬂt gnd thermaly; the same reason. In this case, however, the depolarization
conductivity of the medium, respectively. Taking into accounf inimal at§ = 6 . = 7/4 — 6o/4 + Nx/2, and the
— VYopt — ’

that beam polarization rotates in the crystal within the range of
dr (r=0)=0 +é0/4 aroundb,,;0 = 7 /4 + Nn /2, the preferred direction
dr of the axes of the ellipse of the eigenpolarizations. Thus, in

2
7o



KHAZANOV et al. SELF-INDUCED DEPOLARIZATION OF LASER RADIATION IN TGG 1119

comparison with the case when no magnetic field is presewg obtain
the & dependence of the depolarization ratio with magnet field sin?(6./2
is shifted by the anglé,/4, which is half of the angle of the vp =
polarization rotation.

By rotating the direction of the incident polarization with
respect to the crystal axis, which changesve can minimize \yhere
vp (@t = By = /8 + N7 /2)

2
) / 62 A sin® (20 — 20 — f3) exp <—;—3> dr
(26)

2 2
02 - g

62
2 A=_——7
min LO{P()Q Al 4sin (6c/2)
AR T 1 L 1 L
) ) . —/ sin(é.)dz| + —/ cos(6,)dz
Here we consider that. = = /2, assuming that the Faraday L Jo L Jo
rotator rotates the polarization by 45Note that, for glass I
media,§ = 1. Substituting it into (21) we find that, for glass, / sin(6.) dz
~p does not depend oft and equalsy™. B =arctg | 20
In order to deriveyy, let us assume that the magnetic field L
; cos(8,) dz
B does not vary over the cross section, andepends on only 0

r through the temperature dependence of the Verdet constfﬁn% is a constantA = 1, and = 6. /2, then (26) reduces to

N dVv i (17). Equation (26) makes a further analysis very complicated

8e(r) = const+ 2LB ar (I(r) = 1(0)). becaused and /3 can vary over the cross section. If they are

In thi b . L constant, the dependence ofon the power, beam diameter,
n this case, by varyingo, we can minimizeyy . and# does not change dramatically [compare (17) and (26)].

Dige:jenrt]iating .(16)| antlj equating the derivative to zero, We,q infilyence of the choice of functidi(~) on+~ is (including
can find the minimal value ofy minimization of~) a subject for future investigation, and here

aPy 1 dvr we use (17).
9 - Ao

16-x V dT (24)

- |
Ill. EXPERIMENTAL RESULTS

where In order to compare our theoretical predictions with exper-

oo oo 2 imental data, we measured depolarization ifd@l] oriented

Ay = / F(y) exp(—y) dy — [/ f(y) exp(=y)dy|  TGG rod 2 cm in length and 8 mm in diameter as a function of
z0.368 0 beam diameter, laser power, and polarization angle both with
Y 1 — exp(—2) and without a magnet field. The laser used for this measure-

fly) = / ——dz ment was a 9-W CW Nd: YAG laser (Lightwave Electronics,
0 model 220-1064-10 000) having a well-characterized Gaussian

Here we took into account that = 7 /2. Note that neither intensity profile. We placed the AR-coated TGG rod between
vp nor vy depends on the beam radiug and both are a pair of cross-aligned polarizers, where the first polarizer was
proportional to the square of the incident powRyt Equations aligned with the incident polarization. The second polarizer
(23) and (24) allow us to compare the limitation of the isolatiowas orthogonal to first one in the case of no magnet field and
ratio of Faraday rotators induced by the photoelastic effect aw@s adjusted to minimal depolarization in the case where the

zZ

temperature dependence of the Verdet constant magnet field was present (see below). The extinction ratio of
these polarizers was on the order of-£0n the absence of the
. 14dv 2 1adv ?  TGG. We measured the power transmitted through the second
Wt _ A\ oygr A, | T vdr A polarizer (?,) by a calibrated photodetector and the power
Y AL |16 Q L 16 Q L| "~ incident to the TGG rod?, by a power meter. Transmittance

of the second polarizer for depolarized beam was close to
(25) unity, and we evaluated the depolarizatipras P,/ Fp.

C. Depolarization Dependence on Longitudinal A. Self-Induced Depolarization Measurement
Magnetic Field Variation without a Magnetic Field

We can also take into account the dependence of the magrig. 2 (filed square data) shows the dependence of the
netic field, hence the circular birefringence, on the longitudingdeasuredy on the incident laser poweP, when the bare

coordinate TGG rod was oriented at the angle for minimum depolarization
= (corresponding t@ = 8,0 = 7/4+ N7 /2 in Fig. 1, referred
bc(2) =2V /0 B(z)dz,  6c(L) = 6. to as the azimuth of minimum depolarization). We found the

azimuth of minimum depolarization by a pure rotation of the
It is obvious thatyy- does not depend oB(z); however,yp, TGG rod about the beam path until the measusedvas
does depend o(z). Using the technique described in [12]minimized. The background depolarizatioR; { ) measured
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We also measured at different incident power”, and
anglef as a function of the beam radius. The beam radius at
the 1/¢ intensity level was varied in the range of 0.5-1.1 mm.
Supporting the theoretical considerations discussed above [see
(22)], ~ is seen to be independent of the beam radius within
the accuracy of the experiment.

4E05

~2E05

B. Self-Induced Depolarization Measurement
with a Magnetic Field

0E+0 .
0 2 4 6 8 10 When the same TGG crystal was placed in the magnet

field, the depolarization was dramatically increased at min-
P07 w H [ . . .

imum power. This is most likely due to the nonuniformity
Fig. 2. Dependence on P, for bare TGG (filled data) and for TGG in a of the magnetic field in the core and the clamping effect by
magnetic field (open data) at different adjustments of the second polarizgje housing wall. Nevertheless, increased with increasing
at minimum power (triangles), at maximum power (squares), and at each hich ’ h ' h | eff h
power (circles). The solid line corresponds to the theory for bare TGG gower, which means that we ob_served t erma_ effects. Thus,
Qo = 1.2 x 10-8/K-cm. although when TGG was placed in the magnet field, we cannot
gquantitatively compare the experimental results with the theory
predictions, some quality effects may be investigated.

At high power, we observed that optimization of the angle of
the second polarizer may be very efficient from the viewpoint
of 4 minimization. Comparison of (16) and (17), taking into
account (14), shows that depolarization due to the photoelastic
5 effect depends ordy and, hence, the angle of the second
~1E04 L polarizer is much weaker than the depolarization due to

o q
{F at’ **‘o-%(

2E04

temperature dependence of the Verdet constant. Therefore, the
; optimization ofy by adjusting the angle of the second polarizer
R should be explained from the viewpoint of dependencies
FT' R Al of the Verdet constant and the Faraday rotation angle on
oEs0 —2) ] | ! R temperature. The Faraday rotator was designed to rotate the
D 5 O B D B D 1F W incident polarization by precisely 45at room temperature.
1, degree However, due to absorption of laser radiation, the average
crystal temperature increases and the average angle of rotation

Fig. 3. Dependence of on ¢ for incident powers’, = 8 W (squares), 5 changes due to the temperature dependence of the Verdet

W (circles), 3 W (triangles), and 0.5 W (crosses) without a magnetic field. . . .

The theoretical dependence (solid line) is in arbitrary units at 13. constant. This effect corresponds to the first term in (15). It
is possible to minimize the depolarization by optimizing the
orientation of the second polarizer (optimization &). The

without placing the TGG rod between the polarizers) wasptimal angle depends on the beam power. The minimgm

1.1x10-%. To compare with this measurement, we calculatéd not equal to zero because the temperature and, hence, the

v using (22) withL = 2 cm, A = 1.06 um, andx = 7.4 Verdet constant vary by cross sections and can be calculated

W/Km. Since @ and o were unknown, we varied)a as a using (24). Therefore, in the power dependence measurements,

fitting parameter and fit the resultant curve to the measyredif the orientation of the second polarizer was optimized at one

A value of Qo = 1.2 x 10~8/K-.cm gives the best agreemenincident power, it did not minimizey at other powers. The

with theory (Fig. 2). This is somewhat higher than we woulthree open data plots shown in Fig. 2 indicate this situation.

expect if we assume that TGG hag)asimilar to laser crystals  The open square data points in Fig. 2 represent data taken
such as Nd: YAG (%10~7/K) [10] and a textbook absorption when the orientation of the second polarizer was adjusted to

of 0.002/cm. A more precise measuremen€dnd«a requires minimize v at the maximum incident power, followed by a

a more powerful laser or another measuring technique andpmver reduction without readjustment of the polarizer’s orien-

a task of future investigation. tation. The open triangles depict the case where the direction

We measuredy as a function of angle? between the of the polarizer was adjusted at the lowest power. The open
beam polarization and the crystal axis. Fig. 3 shows the restilicle data points were obtained when the orientation of the
obtained at various incident power levels. As predicted tsecond polarizer was adjusted to minimize the depolarization

(21), the measured shows a period ofr/4. For the data at at each power level of measurement. The difference between

an incident power of 8 W, we compare the measurement witle two last cases shows the difference betwggrwhen &

the theory. Sincé is unknown, we use it as a fitting parametemprecisely equals 45[see (16)] and the minimum value of-

When £ ~ 13, the calculation best fits the measuremerisee (24)]. There is no difference & = 1 W because the

(Fig. 3). This value is comparable to that of YAG,= 10.4 average temperature of the crystal is not significantly changed

[9], [10]. yet, but a greatef’, results in a greater difference. Fig. 2 is

&
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3604 Using these results, we can estimate the relative contribu-
tions of v+ and vp. The value of@) is not known for TGG
AA A N but, for the sake of an estimate, let us use a value for YAG:
A Q =7 x 1077/K. If we use(1/V)(dV/dT) = 3.5 x 1073/K
[13] and L/X = 20000 we obtain
W~ 01, (27)
1604 o o T
a If we used the valué} not for YAG but our estimations for
T T oo T TGG (see Section Ill), the ratio (27) will be even less. Thus,
0.E+00 } : . the isolation ratio of high-power Faraday isolators is limited
0 45 90 135 180 25 270 not by the temperature dependence of the Verdet constant,
¥, degree but rather by the depolarization induced by the photoelastic
Fig. 4. Dependence of on 6 for TGG in a magnetic field at the different effect. EStlmatlonTQ’ for glass magnetooptical media such as FR5
transverse locations of the laser beam. Faraday glass using data from [14] and [15] show that the last
conclusion is valid not only for TGG but for glass as well.

significant in that it shows the importance of adjusting the Taking into account thak is inversely proportional t&” and
Faraday isolator at each specific power. using (23), we can define a figure of merifor magnetooptical
All upper three plots shown in Fig. 2 represent the totdnedia—the parameter characterizing it from the viewpoint of
depolarization: both of the terms in (15) Using these data, Wee isolation ratio at high average power
cannot compare terms in (15) to each other and cannot define Vk
experimentally which effect is more important for depolariza- H= Qa’

tion: the photoelastic effect or the temperature dependence_l_%f | is the b he isolati i/~ b
the Verdet constant. In other words, we cannot compéré e largery is, the better the isolation ratib/y becomes.

and~ because we had measured only their sum (the Op'gnus, from the standpoint of isolation, materials with large
circle data in Fig. 2). Verdet constants, small values 6f and good thermal prop-

We also measuregl as a function of the angle between th&riies are pref_erable. . . .
initial polarization and the crystal axéswhen the TGG crystal It is interesting to use our results to predict the isolation

was placed in the magnet field. This dependence was v ios for 100-W lasers such as those that will be used in the
sensitive to the alignment of the polarizer and the transve xt generation of gr_avitational wave int.erferometers. Using
location of the laser beam. This is probably because thd 3 Ovla:_)lueQa we lobtallned frcirgoo\l;vr (_jr?]t'a/,lls elxpfe.cteld .to be

are multiple factors affecting the isolation ratio, such as the~. at power levels near 100 W. This level of isolation may
nonuniformity of the magnetic field in the core, variance i e insufficient for high-precision interferometric measurements

thermal conductivity, and the clamping effect by the housir(%;'d will possibly require the development of methods for

wall. Fig. 4 shows examples of these data. However, in m nimizing these effects.

cases, we observed/4 period-like § dependence of,, and

fop: IS close tow/8 + N7/2. It corresponds to (15)—(17) V. CONCLUSIONS

and (21). We have presented a theoretical and experimental inves-

tigation of self-induced depolarization in TGG crystals due

to the absorption of laser radiation. Our theory shows that
Under the assumption that the self-induced linear birefriglepolarization induced by the absorption of laser radiation

gence in a Faraday isolator is much less than the circulfépends upon the square of the incident power and the

birefringence, the following observations can be made. Firgihsorption in the material, but not on the radius of the beam.

the depolarization ratioy is proportional to the square of Experimental results obtained with a 9-W CW Nd: YAG laser

the incident powerls, but does not depend on the beamare quantitatively consistent with the theoretical predictions

radius. This is consistent with the self-similar nature of thermal

effects in crystals. Second, the depolarization ratis the REFERENCES
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