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Summary. Some physical mechanisms which affect the continuum
and line polarization are studied. The physical conditions of the
plasma selected for this purpose represent different astrophysical
situations of interest, particularly the magnetic stars. The pure
absorption polarization transfer equation is solved individually
taking these effects into account.
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1. Introduction

The analysis of polarimetric observations requires in certain cases
the solution of the transfer problem taking account of relevant
physical mechanisms. The basic theory of polarization radiative
transfer (see Stenflo, 1971 and references therein) is used for this
purpose. In the following sections we have attempted to study the
impact of certain physical processes on the conventional solu-
tions, which are negligible in the first approximation, but produce
significant changes in the intensity and polarization of emitted
radiation under specific conditions of interest.

2. The Stark effect in the presence of a strong magnetic field

The Stark and Zeeman effects are equally important in com-
puting the hydrogen line profiles in moderately strong magnetic
fields, where the Zeeman or Paschen Back effects are not too
dominant over the Stark effects. Nguyen-Hoe et al. (1967) calcu-
lated the Stark ‘profile functions’ in a magnetic field using the
impact approximation. Recently, in a series of papers, Mathys
(1983, 1984a,b and 1985a) has developed a more accurate unified
theory and computed the profile functions for a wide range of
temperatures (T,), electron densities (N,) and magnetic fields (B).
The unified theory approach for the non-magnetic Stark profiles
is given by Smith et al. (1969); Vidal et al. (1970, 1971). The modi-
fication of the unified theory to include ion dynamical effects is
presented in Cooper et al. (1974). The hydrogen line broaden-
ing is primarily caused by a strong linear Stark effect due to
interactions between the radiating atom or ion and local electric
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microfields produced by perturbing ions and electrons. When an
external magnetic field is present, such as to act only as an addi-
tional perturbation, the classical straight line path approxima-
tion remains still valid. In a recent work Mathys (1984b) has
included the ion dynamical effects also in the computation of
Stark-Zeeman profiles. The Stark-Zeeman profiles cannot be ob-
tained by simply convolving the non-magnetic Stark broadened
profiles with pure Zeeman patterns, because the collisional tran-
sitions between the Zeeman substates of a given level cannot be
neglected (Mathys, 1984b). Hence we have to use the magnetic
field modified Stark profiles, and convolve them with a Doppler
broadening function to obtain the required profile functions.

The theory of polarization radiative transfer for hydrogen line
formation under the combined influence of Stark and Zeeman ef-
fects has been formulated by Mathys (1985b). We briefly describe
the required equations and solve them to obtain the hydrogen
line profiles formed in a realistic model atmosphere, for a given
value of the magnetic field. The model atmosphere and the field
strength represent the conditions typical of magnetic Ap stars.
We use the radiative transfer formalism presented by Mathys
(1985b). The transfer equation in LTE, for the polarized intensity
I =(IQUV )T is given by

dl
no =AI-S 1)

where, as usual yu = cosf, 6 being the angle between the pro-
pagation and vertical (Z) directions. A and S are respectively
the absorption matrix (transfer matrix) and the source vector,
represented as

A=1+AL; S=JB, +St, 2)

where 1 is a (4 x 4) unit matrix and J = (1000)". B, is the
Planck function. dt = —k€pdZ, k¢ being the continuous absorp-
tion coefficient (in cm?/gm) and p the mass density. The line
absorption matrix AX and the emission vector S are given as

Al = NB,,— NB,.,; S'=NE, (3)
where N and N’(cm ™~ 3) are respectively the populations of upper
level n and the lower level n'. The stimulated emission matrix is

given for a frequency w by
21w (b
B..= . 4

The most general form of b,,,, has been derived by Mathys (1985b).
The b,,, in a restricted (zero azimuth; y = 0) coordinate system
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is given as
(1 + cos™Y), + sin*YL,; sin®(l., — L O]
2 cos YR,
sin®Y(I; — L), (1 + cos™P)l,, + sin®Yl,;
(bew)o = 2cosyl.; O
0, —2cosyl.; (1+ cos®Y)l,, + sinyl,,;
sin®Y(R., — R,,)
2cosY Ryy; 0 sin®Y(R,, — R.);
| (1 + cos®)I,, + sin?yl,, |

Q)

The absorption matrix, in the same choice of coordinate system
is given by

[(1+ cos®)Iy, + sin®Y L. sin®Y(l, — L) O]

2cos YR,
sin®Y(I, — L)y (1 + cos®Y)I, + sin®Y I
(o =| —2cosyli; 0

0; 2cos¥l,; (1 + cos?yY)ly, + sin®yI.;
sin’Y(R}, — R..);

2¢osYR,; 0; sin®Y(R;, — R
(1 + cos?Y)I,, + sin?yI,,

(©)

where  is the angle between the propagation and field directions.
We define

Re Re
Ixx=_Jxx Izz=_Jzz
T
m ; Im , (7)
Rxx = Jxx Rzz = Jzz
T T

with the emission profile functions defined as

Jxx =i Z <nlama|pA|nlama>

@'mm’)
x <nl,m,|e, - D|n'lm;){n'lymi|e, - D|nl,m,> 8)
x (n'lymg; nlymy|[4o — L(dwe)] ™ nl,m,; n'l;m; ).

pa and D are the density operator and the dipole momentum
operator of the radiator. J,, is obtained through replacing x by
z. The computation of the last factor of the right-hand side of
Eq. (8) has been described by Mathys (1984b). The absorption
profile functions I, etc. are defined in the same way as I,
etc. from a quantity J’ (j,k = x, z) identical to J except for the
change in density matrix element:

Calym,|pfnl,m,> — <olumifp 't )

These density matrix elements are given by

{nl;m,|p,|nl,m,> = 1/n?, (10)
for the emission profile function, and
<n'mg|ps[nlm;) = 1/n'2, (11)

for the absorption profile function respectively. The populations
of the levels n and n’ can be obtained from the Saha-Boltzmann
equation. The spontaneous emission vector E is given by

2hw3

- s Bund. (12

The profile functions mentioned above are valid for a radiator
at rest. The thermal motion of the radiators can be accounted
for by convolving them with a Doppler broadening function as
follows (Mihalas, 1978; Eq. 9.28)

Lm0~ [ 1afo=Lo)wox
£ , 13
Rz Relo) = | Rafo0= o) wous
with
812
Ii(@) = IncF, L)

AA(A)
o =

,  Fo=261eN23.
Fo 0 eINg

(14)
There are two similar expressions for I, and R,,. We have em-
ployed T and R profiles instead of I and R, in computing the
matrix elements of (b,.,),. The elements of the absorption matrix
(b,ys)o and the emission vector E are also computed using such
Doppler broadened profile functions.

1 at
W = — exp(—C*/(8) -~

T 0

7 Z

is the Maxwellian velocity distribution function which is the
probability of finding an atom with an observer’s frame line of
sight velocity { in the range ({,{ + d{). The thermal velocity of
the atoms is {, = +/2kT/M. It is to be noted that the natural line
broadening is always negligible compared to the Stark broad-
ening, so that the Doppler convolved profiles represent a real-
istic situation in a dense hydrogen plasma.

In a magnetized plasma, the atoms moving in a magnetic
field ‘see’ an electric field (a Lorentz electric field), whose con-
tribution to the Stark broadening is not a priori negligible, for
the outermost layers of the stellar atmosphere, though the con-
tribution is quite small for lower field strengths (B < 3-410*G)
and higher densities (N, > 10'*cm~3). Yet, the inclusion of this
effect into the Stark-Zeeman profile function calculation would
be rather difficult and time consuming, in view of the explicit
velocity and angle dependence of this Lorentz electric field. We
are grateful to Dr. G. Mathys for drawing our attention to this
point through a personal communication.

For the computation of Ha line profile shown in Fig. 1, we
have chosen a model atmosphere from Kurucz (1979) and em-
ployed a field strength of B = 210*G. The I and R profiles were
computed using the code kindly provided by Dr. Mathys, and
then the convolution is performed to get I and R. The method
of solution of the transfer equation is described in Nagendra and
Peraiah (1985a). The boundary condition used at 7 = 7., is
I =(B,000)". The depth integration of the transfer equation is
stopped at 7,,,, ~ 3.2, in order to satisfy the requirement N, <
10*° cm ™3 needed to use the unified theory with ion dynamics
in the profile function calculation. The lower limit of N, is fixed
by the condition 4.04 10‘3\/N_e 2 B (straight line paths of the
perturbers). Only half of the line is shown, since it is symmetric
about the line centre. The importance of treating the hydrogen
lines with an exact theoretical analysis employing the theory of
combined Stark-Zeeman effect has been clearly demonstrated by
Mathys (1984a, 1985b). We shall now see the usefulness of such
a calculation when adopted into a realistic line formation prob-
lem. Since all the physical parameters are depth dependent, it is
not easy to draw general conclusions using these results. How-

(13)
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Fig. 1. Hu line profiles (1, = 6562.813 A) formed in a transverse magnetic
field are shown. These realistic line profiles are computed using Mathy’s
formulation of the transfer equation, adopting a normal stellar atmo-
spheric model given by Kurucz (1979), with T, = 20,000K, logg = 4.5
and log (solar abundance) = 0. The free parameters of the calculation
are: u=1; B=210*G, ¥ = /2, x =0. The reduced intensity I =
1(0, )/B,(0), where B (0) is the Planck function at the topmost layer of
20,u)

1(0, 1)

centage of linear polarization. The full drawn curves correspond to the
line formed under the combined Stark-Zeeman effect taking account of
thermal motion of the radiators (=using Doppler convolved Stark-
Zeeman profile functions). The dashed curves correspond to the case of
line formed under the combined Stark-Zeeman effect for the radiators
at rest (= using unconvolved Stark-Zeeman profile functions), which are
calculated using Mathys’ theory of Stark-Zeeman effect. The dotted curves
correspond to the case B =0 ie. pure Stark effect, but the radiator
motion being taken into account (=using Doppler convolved Stark
profile functions). The line wings reach a continuum level of intensity
at I ~ 2.0, around 50 A from the line centre

the truncated model (see the text), p = 100 represents the per-

ever, the following qualitative remarks can be useful in the
analysis of hydrogen Zeeman lines.

The dotted curve represents the Ha line profile computed for
B = 0. The line core is dominated by the Doppler effect. As ex-
pected (Mathys, 1985b), the central depth of this non-magnetic
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line profile is larger than the corresponding magnetic profile (the
full line). Further, since the magnetic effects are absent, the line
width and the total line strength are smaller than that of mag-
netic line profile. When B = 2 10* G, the Zeeman shift 44 ~ 0.4 A.
The Doppler width A1, on the other hand, varies substantially
over the line forming region in the atmosphere. Hence the effect
of Doppler convolution is different at different points in the
atmosphere. The unconvolved Stark-Zeeman profile functions
have a prominent Zeeman peak near 44 = AAg. The peak is more
pronounced in the case of low electron densities. At higher den-
sities, this peak gradually disappears. This general behaviour of
the profile functions is weakly dependent on the temperature.
Thus the line shape as well as its width are now mainly deter-
mined by the electron density at different levels in the atmo-
sphere. The dashed curves represent the line formation by just
the combined Stark-Zeeman effect (viz. without Doppler con-
volution). The intensity and polarization profiles are nearly
similar to a broadened (electronic or resonance) normal Zeeman
triplet of a Lorentzian line profile. As mentioned above, the depth
variation of the electron density can only change the strength of
the peaks at the = and o positions of the profile function, but
not their positions themselves. The shape of the line core region
is determined by the magnetic effects and that of wings by the
Stark effect. Notice the merging of the non-magnetic Doppler
broadened Stark intensity profile (dotted line) with this dashed
profile, in the wings. The linear polarization p has peaks at the
7 and ¢ components of the Zeeman triplet. This striking simi-
larity to the normal Zeeman pattern is due to the dominance of
the magnetic term in the Stark-Zeeman profile function calcu-
lation in a strong field (such as B = 210*G). The wings of the
profile are however strongly damped due to the Stark effect,
along with ion dynamical contribution to it.

The important case of the line formed under Doppler con-
volved Stark-Zeeman profile function is shown by the full drawn
curves. The intensity profile is significantly broadened due to the
Doppler motion of the emitting atoms. The line depth is also
larger. The 7= and o components are ‘Doppler broadened and
overlapped’ in the convolution process (see Egs. (13) and (14)),
to varying degrees, because of the temperature and electron den-
sity gradients in the stellar atmosphere. In other words, the Dop-
pler convolution leads to wide, shallow and flat natured profile
function in the deeper layers of the atmosphere, and to centrally
peaked and slightly structured (near the Zeeman peaks) profile
function in the top layers. But the depth dependence of the
Doppler width, and the radiative transfer effect, together lead to
a smooth line profile without strong absorption features near the
Zeeman components. However, the linear polarization p being
a sensitive parameter, manifests itself through Doppler broadened
7 and o components.

The magnetic fields encountered in chemically peculiar (CP)
stars (or Ap stars) produce magnetic intensification of the lines,
which may be nearly a factor of 2 or 3 depending on the field
strength being longitudinal or transverse, over large areas on
the stellar surface. It is well known that the number densities of
absorbing atoms in these atmospheres have to be increased few
times, to theoretically match the strength of observed line pro-
files, if one uses the non-magnetic instead of the Zeeman-split
line profiles. The inclusion of Stark effect in the Zeeman line
computations can enhance the line strengths significantly, in nor-
mally saturated lines such as hydrogen lines. The inclusion of
Stark effect in the theoretical computations will have indirect

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1987A%26A...181...71N

FTI987ARA ~ CIg1- T 7TAND

74

influence (i) through improved estimation of the surface field
strengths and (ii) through the increased line blanketing by hydro-
gen lines, in the model atmosphere computations. In the case of
hydrogen lines formed in magnetic atmospheres, we have to use
the Doppler convolved Stark-Zeeman profiles instead of Voigt
profiles, in view of the strong linear Stark effect in hydrogen lines,
which cannot be depicted fully, by varying the damping constant
in a Voigt profile. Also, substantial differences exist between the
non-magnetic line profiles (dotted line) and the magnetic line
profiles (full line), which implies that, using non-magnetic pro-
files for matching the observed profiles of magnetic atmospheres
may lead to discrepancy.

3. Effect of atomic orientation on Zeeman lines

In a strong magnetic field the atomic magnetic moment is pre-
ferentially oriented along the field lines, which results in unequal
populations of the Zeeman substates of a given atomic level. This
effect is important when the magnetic fields are strong enough
to produce full Paschen-Back effect (B > 10* G), but weak enough
that the quadratic Zeeman effect can be neglected. Hence the
high excitation lines formed in cool (T = 6000K) low field
(B < 107 G) magnetic white dwarfs are significantly affected by
this mechanism. It directly affects strengths and depths of Stokes
profiles asymmetrically.

In the present calculations we assume that the line is affected
only by normal Zeeman effect. An approximate criterion for
neglecting the quadratic Zeeman effect is given as n* Bg « 10%,
where Bg is the field strength in units of MG (= 10°G) and n
the upper level principal quantum number. In our study we shall
employ a field strength of 7.5 MG. The theory of atomic orienta-
tion is developed in Pavlov (1975) from which we have taken the
relevant formulae. The effect can be easily included in the normal
wave or Stokes vector transfer equations. These two formalisms
are described in Gnedin and Pavlov (1974). The atomic orienta-
tion effect is discussed in Dolginov and Pavlov (1974) and Pavlov
(1975). In the conventional notation, the transfer coefficients
which include the orientation effect are given by

ﬁa(w) + lﬁa(w) = (na(w) + lpa(w))[l - (ZW] + C)(ha)c/zk']—v)2 >
(16)
where

ha,

W=gkT

[LL+)—-L(L+1)—2]; w.=eBmc. (17)
a(dm) = 0, +1 correspond to the p, 1 and r Zeeman components
respectively. The coefficients 7,(w) and g (w) should be used
in place of n,(w) and p,(w) in the transfer equation described
in Nagendra and Peraiah (1985b). The absorption coefficients
fp1(@) and the anomalous dispersion coefficients p,, (w) are
explicitly defined in the same reference. The degree of orientation
depends not only on (hw,/2kT), but also on L and L’ of the states
involved in the transition. W represents the linear perturbation
to the dichroic opacities of the non-oriented atoms. Thus the
transitions involving high angular momentum states in a low
temperature strongly magnetized plasma are affected by atomic
orientation, to a large extent. From the equation given above it
is clear that 77, (w) + ip(w) ~ n,(w) + ip,(w) when « = 0 which
represents the = component of the Zeeman triplet. Also, the ¢ com-
ponents are unequally affected, leading to a symmetry breaking
of the Stokes vector profiles about the line centre.
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Fig. 2. The variation of the reduced intensity I, percentage of linear
p =100 x (sgn U)~/Q? + U?/I, and circular g = 100 x (V/I) polariza-
tions as well as the position angle ¢ = 0.5tan~* (U/Q) for a Zeeman line
when atomic orientation is taken into account. A white dwarf model
atmosphere T = 7000K, logg = 8, taken from Wehrse (1976) is em-
ployed. The following parameters are used: 7, = 104, a=0.1, i, =
5000A, u=1, Y = /4, y = n/4 and a uniform magnetic field of B =
7.510° G. The continuum is polarized and magneto-optic: 7S, , = 1, 0.94,
1.1 and p§ = —10cos, p§ = —0.25sin®y

In Fig. 2 we have shown the Stokes profiles formed in a mag-
netic white dwarf atmosphere, computed including this effect.
The magnetic dichroism and anomalous dispersion are included
in the continuum and the line. The depths of I, p and q profiles
at v ~ —400 are slightly smaller than those at v ~ +400. The
position angle being more sensitive, undergoes fluctuations and
distortion. When a disk integration is performed, there will be
a general reduction in the polarization because of the extreme
overlapping of the Zeeman components of the spectral lines. If
the strengths of the 6, and o _ components are equal, then such
an overlapping leads to large cancellations because of the vari-
ous orientations and strengths of the magnetic field in the area
elements on the visible disk, apart from the usual limb darkening
factor which also plays an important role in determining the
degree of polarization resulting after disk integration, for a given
orientation of the (say) dipole magnetic field. For the same rea-
son mentioned above, the resultant polarization will be relatively
larger after a disk integration ‘with the orientation effect included’,
when compared to an identical situation where the atomic orien-
tation is neglected. This is partly due to the unequal strengths
of the Zeeman components, their explicit dependence on the
orbital quantum number and partly due to the temperature
dependence of this effect.

The continuum polarization is quite small for the field
strength we have employed (7.5 MG). Still it is nearly 19/ in the
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far wings. Presently the orientation effect is relatively strong in
the line. But, as the field strength increases (~ 50 to 100 MG),
the continuum polarization becomes large and introduces the
asymmetries into-the line polarization profiles which are more
severe than that due to orientation. The atomic orientation itself
has to be treated more rigorously than the first order (weak field)
treatment presented here. This mechanism is particularly effec-
tive in the broadband polarization calculation in magnetic white
dwarfs, which have a larger number of Zeeman split spectral lines
in a given frequency band.

The atomic orientation thus acts as an additive perturbation
along with the continuum polarization, in distorting the com-
ponents of Zeeman lines, but its contribution becomes insignifi-
cant compared to continuum polarization in the case of strong
magnetic fields (B 2 108 G). The calculation of the continuous
dichroic opacities and the solution of the transfer problem in
the ‘normal wave representation’ is described in Nagendra and
Peraiah (1985a). The procedure for the same problem in Stokes
vector representation is given in Nagendra and Peraiah (1984).

4. The ray refraction effect on the polarization of continuum
radiation

The X-ray emission observed in some hot white dwarfs indicates
the presence of hot and dense plasma emitting regions near these
objects. The examples are Hz43 and AM Her etc.. A similar sit-
uation is encountered in accreting columns of weak field mag-
netic white dwarfs and neutron stars in binaries. Zheleznyakov
(1983) has pointed out that a detailed analysis of the spectra and
polarization of these objects in the infrared and radiowave regions
of the spectrum is needed in order to understand the accretion
mechanisms. In this section we discuss the radiative transfer of
far infra-red (v ~ 10!? Hz) continuum radiation as well as a fre-
quency near the cyclotron resonance occuring in the same spec-
tral range. The refraction effects are included in the calculations.
Such infra-red observations are made for an AM Her type star
by Bailey et al. (1980). The refractive effects are also important
in the calculation of solar radio emission. Thus we believe that
whenever the plasma is anisotropic and the refractive indices
of normal waves differ significantly from unity, then the ray
refraction effects become important.

In this section we use cold plasma normal wave transfer equa-
tions. The normal waves (polarization ellipses) remain almost
orthogonal away from the cyclotron hormonics and the spectral
line centres. The relevant transfer equation for the problem is
(see Zheleznyakov, 1970)

au; k; B,

=y, -2, 18
L kC[ i3 ] (18)
where U; are the modified specific intensities given by
U;=1jcosaj/m?, j=12, (19)

where «;, j = 1,2 is the angle between the group velocity vector
V, (direction of the energy flow in a loss free media) and the wave
vector of the j™ wave. n; are the real refractive indices, and I;
are usual normal wave (j = 1 extraordinary and j = 2 ordinary)
specific intensities. Clearly, U; are also (like I;) the invariants of
propagation in an anisotropic refracting medium. Equation (18)
holds only within the framework of the approximation of geo-
metrical optics, where the ray treatment is possible. In the case of
frequencies away from the cyclotron harmonics, we use analytic
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expressions given by Zheleznyakov (1970) and Stix (1962), for the
cold plasma transfer coefficients a;, n; and k;. Near the cyclotron
resonance, the absorption coefficients and the refractive indices of
extraordinary and ordinary waves differ from each other by large
amounts. Hence we can expect the ray refraction effect on the
polarization to be stronger in this region. The cyclotron absorp-
tion coefficients for the normal waves (j = 1,2) are calculated
using the expressions given in Zheleznyakov (1980). The angles
o; are computed now, from the exact relation (Stix, 1962) tano; =
(—1/n))0n;/dy, since the approximations mentioned earlier are
not applicable near the cyclotron resonance. The Faraday rota-
tion of the polarization ellipse with respect to a fixed axis, in
the plane, transverse to the propagation direction is given by
y = (l/o%) | [wiwLdl/(n, + n,)] radians, where L is the total
L

geometrical thickness of the plasma slab. £ = cos y and w, =
plasma frequency.

From Table 1, it is seen that the linear (p) and circular (g)
polarizations and the Faraday rotation are underestimated if we
neglect the ray refraction effect (by taking n; = 1 and cosa; = 1,
j =1,2). The effect is particularly stronger for transverse propa-
gation of the electromagnetic wave, than the longitudinal pro-
pagation, with respect to the magnetic field direction. Even in the
transverse propagation itself, the error introduced by the neglect
of refraction effect, tends to be stronger in a non-uniform mag-
netic field than in the uniform case. However, the calculation
of Faraday rotation in thermal plasmas is not much affected in
general, by the neglect of ray refraction effect. From Table 2 it
is seen that for frequencies near the cyclotron resonance w, the
linear and circular polarization show stronger, but qualitatively
similar behaviour regarding refraction effect, as in the case of
thermal radiation away from the resonance (Table 1). But now,
the Faraday rotation decreases when the refractive effects are

Table 1. The difference between the solutions where the refractive
effects are included (first column) and neglected (second column)
for a uniform magnetic field B = 10*G. The last two columns
show a similar comparison for a field varying as B(r) =

B R 3
—*( * > , B, = 10*G being the field at the surface (r = 0)
\/i R, +r

of a star of radius R,. The Plasma parameters in both the cases
are T = 10°K; N, = 1.6510'*cm™3; w = 6.28310'2Hz and u =
0.8 and ¢ = 10° (for quasilongitudinal: QL) and = 72° (for
quasitransverse: QT) propagations. Total height of the slab is
6km. p, g and y represent percentage of linear, circular polari-
zations and Faraday rotation in radians of the polarization ellipse
arising due to propagation

Uniform field Non-uniform field
PoL% 1.31E — 4 1.09E — 4 6.66E — 5 5.56E — 5
o’ —305E—1 —254E—1 —-220E—1 -—184E-1
YoL 233E +4 231E + 4 1.65E + 4 1.64E + 4
Porvo 325E -3 8.50E — 4 221E -3 532E —4
dorve —7T93E—2 —207E—-2 —766E—2 —184E —2
Yor 731E+3 7.26E + 3 517E + 3 5.14E +3
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Table 2. Same as Table 1, but for the cyclotron absorption of
radiation in a uniform field B = 3.310°G for an angle of pro-
pagation iy = 10° (quasilongitudinal: QL). It can be noticed that
the error committed in neglecting the refractive effects is en-
hanced because of the transfer of radiation in optically thick
medium

Uniform field
% 1.70E — 2 1.16E — 2
q% —1.65E + 0 —1.13E+0
y 7.65E + 5 8.02E + 5

included (last row of Table 2) because, near the resonance, n; in
particular increase in magnitude unlike the behaviour at a fre-
quency far away from the resonance, where they decrease slightly
from the values n; ~ 1, in the cold plasma theory used here.

It is found that nearly 10%; of the observed DA white dwarfs
have moderately strong (B ~ 10° G) and another 5% have weak
(B ~ 10* G) fields. Some among the DC white dwarfs which are
generally cool (T, ~ 10*K) also have fields in the range 10%-
10° G. The existence of thin or extended and hot coronae around
the white dwarfs was suggested some time back to explain the
wavelength dependent continuum polarization in magnetic white
dwarfs (See Landstreet, 1979 for a review). Zheleznyakov (1983)
has considered the problem of distortion of the photospheric
radiation spectrum of magnetic white dwarfs observed through
such dense and hot plasma regions. Recently Greenstein and Mc-
Carthy (1985) have employed chromospheric or coronal models,
to explain the emission lines in the magnetic white dwarf GD 356.
The parameters selected for the study of refraction effects re-
present such coronae in weak field magnetic white dwarfs. The
calculation may also be relevant to the infrared emitting regions
or broad line emitting regions near the AM Her type binaries (see
Bailey et al.,, 1980 and Bailey and Ward, 1981). Thus we see that
in the solution of normal wave transfer equations, particularly
for the long wavelength radiations and near the resonances, the
ray refraction effects make significant changes in the polarization
over the conventional solutions, obtained neglecting these effects.

5. Conclusions

In the previous sections we have described three mechanisms
which are important in a fine analysis of stellar polarization ob-
servations. The hydrogen lines formed in early type magnetic
stars are largely affected by linear Stark effect. The procedure
described in Sect. 2 for computing Stark-Zeeman line profiles,
though time consuming for quantitative work, is useful for de-
tailed studies on a particular line. Since these profiles are more
sensitive to the electron density, than temperature, they offer a
useful tool for estimating that free parameter more accurately.
The atomic orientation effect, for the atmospheric and line param-
eters we have used at present, is very small. Obviously, for high
excitation lines formed in cold magnetized plasma regions excited
radiatively, this effect is more significant and produces asymmet-
ric Zeeman profiles and contributes to broad band polarizations.
The contribution of ray refraction effect to continuum polariza-

tion of low frequency radiation propagating in a magnetoplasma
is found to be significant. For a frequency near the cyclotron
resonance, the Faraday depolarization is effectively decreased in
a longitudinal propagation. This aspect may prove useful in the
correct calculation of internal Faraday rotation in transparent
synchrotron radio sources, by taking the ray refraction effect
properly into account.
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