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Abstract. A prototype Hv imaging polarimeter has been usedised Leroy (1942), it was reported that differences might exist
to make measurements of the solar disk. Within thellde, between thep— CLV gradients for equatorial and polar zones,
the polarization at the solar limb is significantly greater thamith the solar equator exhibiting marginally higher valueg of
the nearby continuum reflecting resonance scattering effects, All of this pioneering work onp—CLV studies was under-
with p achieving~ 0.3% at the line-core. Comparative meataken using photomultiplier detectors with the requirement of
surements have been made of the form of polar and equatequential measurements at calibrated distances along the solar
rial center-to-limb variations (CLVs). Face value results indradius. Since then, 2D detectors, such as CCDs, have become
cate that the polarization emanating from the pole is marginallyailable allowing many spatially resolved elements to be mon-
greater than from the equator. This finding is explainable, howtered simultaneously. This paper describes a simple imaging
ever, in terms of instrumental, experimental and data reductiostrument for mapping linear polarization, working at iith
effects with the conclusion that no disparity between the polampassband of 0Ad, designed chiefly with the aim of explor-
and equatoriap— CLVs has been detected to polarimetric adng the p— CLV variations within the core of this line and in its
curacies~ +0.02% or 2 parts inl0* and to a spatial accuracywings. Experiments have been undertaken to see if there are dif-
~ 1 arcsec. Some of the recorded CLVs show departures fréanences at 1 of the p - CLVs between the solar equator and the
a smooth curve, these associated with magnetic structures poks. Perhaps relevant to such studies are the recephid-
the Hanle effect. tometric measurements of Auete et al.[(1998) revealing that

the solar chromosphere appears prol&# /D = 1.2 x 1073)
Key words: polarization — scattering — instrumentation: poin this spectral line. If this effect is related to differences in the
larimeters — techniques: polarimetric — Sun: chromospherdehaviour of the optical depth or limb darkening between equa-

Sun: photosphere torial and polar radial sections, then it is also likely that there
will be differences in they - CLV between the solar equator and
the poles.

The instrument has also been used to explore the Hanle effect

1. Introduction in Ho across surface features where magnetic fields are present

Polarimetry plays an important role as a diagnostic for mafjid t© map the polarization structures of prominences.

physical processes occurring in the solar photosphere and chro-

mqsphe_re. Observatio_na_l and th_eoretical investigat_ions of BOThe instrument

larimetric structures within a variety of Fraunhofer lines have

recently expanded to a level that such spectropolarimetry is ndf¥e overall instrument comprised a 250 mm (f/10) Meade tele-
referred to as the study of the “second” solar spectrum (s&ope incorporating a narrow-bandHilter system operating
Stenflo[ 1996 and Stenflo and Keller, 1997). Solar polarimet#y a converted /32 beam. The passband of the filter (Daystar
involves either the measurement of the spectral variation of théJniversity Model) was adjustable over a ranget.3A by
degree of polarizatiom()), at selected locations on the solafltering the temperature of its thermostated enclosure. The po-
disk or the investigation ofp across surface structures, witarimeter was attached to this arrangement with the final polari-
measurements made at a particular wavelength. The lattermgtric encoded images recorded by an SBIG ST6 CCD camera
cludes measurements of the center-to-limb variation (CLV) ghder PC control. The monochromator system also required a
p explored at a variety of selected wavelengths — see, for exapioad-band red dye colour filter, mounted in a cap and placed
ple, Leroy[(197R), Dollfus (1974) and Mickey and Orrall (19749ver the end of the telescope, reducing the effective aperture to
— with results which are accurately explained by models sugRout 100mm. Also, because of this, the fore-optics provided
as those by Dumont and Pecker (1971). For the UV passbafdoff-axis system with an instrumental polarization affecting
all measurements. The way this problem was addressed is de-
Send offprint requests 1®. Clarke scribed later below.
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The imaging polarimetric system was a variation of a déhe method has also been employed for solar measurements by
sign firstused by Pickering (1873) and laterimprove@®bynan Bianda et al.[(19984. 1998b). The effectiveness of the design
(1939). Similar instruments have also be constructed for produsay be appreciated by considering the form of the recorded
ing polarization maps of reflection nebulae and galaxies [segnals.
for example, Scarrott (1983, 1991)]. For our design, a rectangu- For a half-waveplate placed before a fixed polarizer, the
lar slotted mask (20 mmx 15 mm) of black dielectric material modulation of any linear polarized light it accepts is at four
(Delrin), to avoid spurious edge polarizing effects being intrdimes the rate of rotation of the waveplate (see, for example,
duced (see Pospergelis, 1965) was located at the telescope’'€tarke and Grainger, 1971). Thus the signals from the double-
cus containing the solar monochromatic image. This piece Hagbm polarimeter can be represented by
rulings 1mm wide and 14 mm long cut out, with mark-to-space
ratio of unity, blocking off five alternate strips, so providing d.1 = §T(t)GL(I + Q cos 4vp + U sin 4q))
usable size of 10 mm 14 mm, corresponding to a field of view
of 8'x 10. A field lens immediately followed the grid to focus ) = §T(t)GH(I — Qcosdy — Usin4y) (1)
the telescope’s aperture on a rotatable quikg#; superachro-
matic half-wave plate (manufactured by Halle, Berlin) prior to §here the subscripts and|| refer to the orthogonally resolved
20 mm long calcite Savart prism with 20 mm cross-section. Apeams'(t) describes the atmospheric transparency during the
though such wave plates may give rise to fringes exhibiting Iifne of any exposure(s is the response to unit intensity of a
levels of polarization, no spurious signals have been detecfi¢en pixel corresponding to a particular image poift), U
with its use here and within previous polarimeters (see ClarREe the Stokes parameters describing the intensity and linear
and Fullerton[ 1996, for example). The Savart polarizer Seﬁg@larization of the light and is the setting of the axis of the
rated the orthogonally resolved beams, giving them identic4fiveplate relative to the principal axis of the polarizer.
displacements with opposite sense. The device provided iden-Inorderto determinethe_normalised Stokes pa_rametgrs, four
tical optical path lengths for the two beams so that for a givéfPosures are taken at settings of the waveplate in multiples of
transparent slot in the grid, two image strips with orthogonal p32?5. Consider the data reduction for frames'wnh the set'tmg
larizations were focussed side by side in the same plane on@h¢ at 0°and 43. From Egs. (1) above, the ratios of matching
detector. Although Savart plates suffer from astigmatism, tHfgage pixels are given by
was of no consequence here as the focal ratio of the transmitted oG I+Q) Gy +Q)

beam was large (f/32). Ry =+ = 2)
The Savart plate was oriented such that the two emerging TG -Q) G -Q)

beams were displaced perpendicularly to the bars of the grahd

The telescope focal plane containing the grid was re-imaged 1T ()G (T —-Q)  Gy(I—Q)

on the CCD detector using a 28-80 mm focal length telephaly o = 212 I = 3)

camera lens. The orientation of the CCD camera was carefully %T45° OGLI+Q) GLU+0Q)
set so that the grid structure was parallel to the pixel columrhus the effects of variable atmospheric transmission are re-
With this arrangement, the resolution of each CCD pixel corrgroved. The problems of differences in pixel sensitivity are elim-
sponded to~ 4”on the sky, sufficient for the CLV experimentinated by taking a further ratio of Egs. (2) and (3). Thus

and not out of keeping with the local seeing conditions. After Gy (1+Q)

preliminary experience, a neutral density filter was added prigr ~ R &, a-q _ (I+ Q)2 @)

to the CCD, not affecting the instrumental polarization, to pro-? — R0 TGU-Q) ([ -Q

vide manageable exposure times, typically 1s to 3s, without GLI+Q)

pixel saturation. from which the normalised Stokes parameter may be calculated
To provide mechanical stability of the instrument and tas

allow accurate tracking, the complete system was attached to a \r 1

metal plate and fixed to the 510mm telescope at the Cochno gite d (5)

of the University of Glasgow Observatory. Vg +1

Similarly, by using waveplate settings2i#°5 and112°5, values
for thew parameter can be determined from

By employing a double-beam system, the effects of variatiops= 1= VR,
in the transparency of the Earth’s atmosphere during acquisition 1 + v Ry
of the necessary frames were removed by taking ratios of thaere

3. Data acquisition and reduction

(6)

orthogonal signals. By taking further ratios corresponding to R.o 14 U\2
different settings of the waveplate, self-calibration of the pixél, = R67' > = (1 — U)
sensitivities was achieved without the need of flat-fielding ex- 11275

ercises which are common for CCD photometry. The principlehe images collected by the data acquisition PC were trans-
of the scheme has been summarised by Tinbelgen (1996) &erded via disks to UNIX-based workstations. Raw data files
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a

were archived in the standard FITS format. Conversion of files

to an NDF format allowed manipulation by tigtarlink envi- : b
ronment. The utilised packages were a combination of KAPPA, _ ' ;

GAIA, DAOPHOT, PHOTOM and FIGARO with several C- North Poler Region | I
shell scripts written to automate the data reduction. A further ' i Western Limb
non-Starlink package, IDL, was employed to analyse the data of the Sun.

with specific routines not available elsewhere.

In order to complete the data reduction, it was necessar
consider the instrumental polarization and also to translate
measurements from the instrumental frame to the more standg
one of celestial equatorial co-ordinates.

To remove the instrumental polarization which, because
the design of the monochromator system, was inevitably hi
(a few%), two approaches were considered. One involved
construction of a monochromatic depolarizer as suggested
Billings (1951). This was done using two large diameter mig
waveplates, one a quarter-waveplate, the other a half-wavepl
the second rotating at twice the speed of the first, the whole
sembly placed before the telescope collection aperture. Over
frame exposure, it may be assumed that the subsequent op
system would be receiving randomised polarization averagi
to the equivalent of being unpolarized. Details of the design a
the device’s performance can be found in Ameijerida (1994
The second approach considered that the radiation from
central zone of the Sun was unpolarized. If the observed pal
of photosphere is undisturbed with no activity, then symmet
suggests that this would maintain. Day to day repeated ob
vations were made of this solar region and the stability of t :
result suggested that the recorded values were essentially those c
of the instrumental polarization. As with the usual practice (B'-ﬁg, la-c.A visual summary for thep— CLV measurements made on
stellar polarimetry, the instrumental polarization was subtract&@d7 July 20. The upper sectiorssandb) show the orthogonal polar-
vectorially from the main measurements of the study. ization image pairs from one of the slits with the grid placed parallel to

By design, the overall instrument was constructed so tHAe radial directions on the North and West limbs, as indicated on the
its polarimetric reference frame was set at & 4®sition to full H o solar disk picturee obtained from the Observatoire de Paris.
the N/S direction in equatorial co-ordinates. This was checked
out and confirmed by suspending a large piece of polaroid on
a plumb line so that exposures could be made with acceptaslir frames corresponding to the half-waveplate orientations
direction of polarization rotated between two angular positios— (°, 45°, 67°5 and 112°5 were taken for complete polari-
about the vertical direction. For observations made at the metigetric determinations.
ian passage, the bisector of the pair of recorded position anglesan example of the behaviour of the combined basic signals
corresponds to the N/S direction. A similar arrangement Wasm the pairs of slitimages is depicted in Fig. 2 corresponding
used by Clarke and Fullerton (1996) in their investigations @ a frame taken of the projected Northern pole limb, with the
global solar polarization. half-waveplate orientation set @t = 0°. It will be noted that
the intensity levels of the orthogonal polarizations, expressed
as numbers of recorded photons, are well separated, indicating
a relatively high level of polarization, part being instrumentally
Fig. 1 encapsulates the measurement scheme for the gelargenerated. Away from the limb, it will also be noted that there
CLV investigations. It displays an ddfull solar disk image are correlated intensity variations within the orthogonal signals,
recorded at the Observatoire de Paris. Superimposed on ttiese corresponding to structures that could be were clearly seen
projected Northern and Western limbs are rectangles corbg-eye on the solar disk at the time of the observations.
sponding to the sequential placements of one of mask’s slits Fully reduced normalised Stokes parameter valpasdu,
within the focal plane of the telescope. The upper part of tlage plotted against distance within the solar limb in Fig. 3, the
figure displays the records of frames taken by the Glasgow mwror bars indicating théos uncertainties of the measurements
larimeter, showing the orthogonal polarization pairs of a singéss determined from the combination of pixels across the slit
slit; there is slight overlap of these images and the pixels frowidth at the given distance from the solar limb. Considering the
this part of the frame were not included in the data analysisparameter first, it can be seen that the mean value is close to

4. Observations
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5. The center-to-limb variation

5.0x107 R
g 77T extraordinary Unfortunately the pixels of the CCD detector were rectangular
so that images recorded at the polar limbs sampled the CLV
at a different scale interval relative to images of the equatorial
limb. To allow comparison of the various records, it was de-
cided to compare coefficients according to some fitted curve.
The semi-analytical expression of Stenflo et al. (1997);

Pmax = a(l — u?)/(u + b), wherey is the heliocentric an-

gle anda, b are fitted constants, was first tried, but this proved
unsuccessful. This equation provides a good representation for
optically thinlines butis not applicable to the optically thickH

e T line whose steep CLV is governed by more complex radiative
Distance from limb (arcsecs) transfer effects. The chosen empirical expressions followed the

4.0x10" & ordinary

3.0x107

Detected photons

2.0x10" F

1.0x107

b b beccnoe bl

Fig. 2. A record taken on 1997 July 19 of the center-to-limb intensitl;orm:
variation ywth the half-waveplate orientation setyat= 0° for the q= Ae=BW or g= Ce(—Da) @)
northern limb. The monochromator was tuned for the coremfRbte

that the orthogonal polarizations (marked ordinary and extraordinaw}lere” is the standard heliocentric angle anis the projected

display correlated structures corresponding to the mottling that is Vel . .
: : . L tance from the limb towards the solar centre measured in
apparentin solar Himages. The separation of the two curves indicates . .
csec; the values of, C give the peak polarization and, D

the presence of a polarimetric signal, including the instrumental effell ; ;
describe the decay from the limb towards the solar center. The

two forms of equation were considered as their scale sampling

Table 1. Values of the degree of polarization in the core af Bt the } : o ; . ’
relative to the pixel structure is different and it was instructive

heliographic North pole at limb distancesof= 0.1, 0.15 and 0.20

of the determined parameters (see below). The routine to fit the
pratio Glasgow Stenflo curves utilised a gradient expansion algorithm to compute non-

p(010)/p(io1s)  0.313/0.162 = 1.93  0.299/0.148 — 2.02 linear weighted least squares values for the parameter pairs

p(iiors)/pluose)  0.162/0.084 — 1.94  0.148/0.075 = 1.97 ~ andBorCandD. , .
p(ko.10)/p(po.20)  0.313/0.084 = 3.73  0.299/0.075 = 3.99 Table 2 provides a sample set of determined coefficients for

the three wavelength positions within thexHine at 6562.4\
(line-core), 6562.& (blue-wing) and 65628 (red-wing).
zero. Thus the degree of polarization is essentially carried Bgth the determined coefficients A and C indicate that the limb
the value ofy, indicating that the axes of the polarimeter havgolarization is less in the wings of the line than in the line core.
been correctly set to be on a projected solar radius along s is readily deduced by inspection of Fig.4 in which the
celestial N/S direction. red-wing and line-core CLV are each plotted against the blue-
According to Fig.3p ~ 0.3% at the limb, falling t00.1% wing variation. It can be seen that the relationship between the
at 20’ inside the limb and falling further to background levelshe pairs of CLVs is remarkably linear over a large rangg.of
at about 40 or i ~ 0.3, so offering~ 10 data points for the The red-wing variation cannot be distinguished from that for
fitting of coefficients to ap— CLV curve. the blue-wing with the linear regression passing through the
Based on broadband measurements of Dollfus (1974)caigin with the relationship calculated as= 0.99¢;, whereas
60004, the recorded polarization here within the core @f 14 the line-core values are persistently larger, the linear regression
10x larger than at its nearby continuum, such an enhancemagtin passing through the origin but with= 0.79¢., the nu-
being typical of the effects of resonant scattering (see Stenfh@rical coefficient showing at least a Bifference from being
and Keller[ 1997). unity. The standard deviation of the points around the regression
From the data recorded on 1997 July 9y Ebre values of is 0.017; the scatter is large, much larger than the observational
p (in units of%) atu = 0.1, 0.15 and 0.20 have been abstractaghcertainties predicted from photon counting statistics and the
to allow comparison with measurements by Stenflo €t al. (19%fown instrumental noises. A major observational uncertainty
and Keller (1998) at the heliographic North pole, made in 19%l in the values of: which, due to the steep CLV of near
November (see Table 1). the limb leads to a larger scatter relative to the smooth fitted
It may be noted that the Glasgow measurements carry unagrrve. Another source for the scatter may in fact reflect the con-
taintiesonp ~ £0.02% in comparison with data from Stenflo’stribution of solar sources in fact, the chief candidate being the
team of~ +0.002%, but nonetheless, the values are in excellehtanle effect. An example of the effects from this source will be
agreement. Again, earlier observations conducted by Stenflaiscussed later in a little more detail.
al. (1983) at alimb distance of 1@y = 0.144) from the North The values of the coefficients of A and C in Table 2 also sug-
pole limb produced = 0.17% =+ 0.01%, the Glasgow mea- gest that, at face value, the polarization at the projected solar
surements being = 0.18% =+ 0.02%. pole is marginally higher than at the limb for all three selected
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Fig. 3. The northern limbp— CLV of the normalised Stokes parameterandu, recorded on 1997 July 19. The monochromator was tuned for
the core of the K line. It may be noted that the parameter has values 0.3% at the solar limb with an exponential decay to zero at a limb
distance~ 60"; over the same section of the solar limb, theparameter is essentially zero with recorded values given by the experimental
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Fig. 4. The upper plot relates thedHred-wing p— CLV to that of the

blue-wing. Values from both the solar N Pole and W Limb are in-
cluded with no distinction being apparent between the two data s
The lower plot relates the line-core data to those of blue-wing showi
that the linear fit (solid line) has a significantly steeper gradient th

Table 2. A sample of fits to data recording the solar CLV of the polar-
ization at Hv. Measurements on 1997 July 9 were at the core @f H
while those for 1997 July 20 were made at the blue- and red-wings of
the line; the selected solar region corresponding either to the (North)
Pole or (Western) Limb are noted.

Date  AA) Region A B C D
1997 65625 Pole 1167 13.090 0.485 0.087
Jul09  Core  Limb 1.154 13.151 0.466 0.084
1997 6562.2 Pole 0980 13.640 0.380 0.092
Jul20  Wing Limb 0.891 13.820 0.352 0.091
1997 6562.8 Pole  0.924 13.226 0.367 0.084
Jul20  Wing Limb 0.897 13.219 0.340 0.085

wavelength positions with enhancement ratios-cd few per-
cent. Fig.5 depicts the polarization measurements for the
line-core plotted against: for both the equatorial and polar
limbs with the data trends being indistinguishable by eye. The
apparent disparity between the two solar regions may be seen
clearly, however, in Fig. 6 in which the center-to-equator values
of ¢ are plotted against the centre-to-pole values based on the
empirical fits, one for the parameter (Fit 1) and the other (Fit

2) for « (see Eq. (7)). For both fits, the gradient appears to be
greater than unity, suggesting an enhancement of the polariza-
tion produced at the pole relative to that emanating from the
equator.

This immediate outcome must be considered with some cau-

Eéh, however. It may be noted that the fitting of data to Eq. (7)

pends on its sampling and on any systematic errors associ-

that for identical variations (dashed line) confirming that, for a givedt€d with the values of: or «. In the earlier description of
limb distance,p is larger in the line core than in the wing.

the instrument, comment was made on the rectangular shape
of the pixels resulting in different spatial sampling rates for
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(10) areindicated for the polarization measurements. The uncertaintigg (Fit 1) corresponds to CLV curves fitted by least squares to the
on u are not indicated. relationshipg = Ae™?* and the dashed line (Fit 2) corresponds to

curves fitted tay = Ce~P“. It will be noted that both fits lie above
the full line with gradient of unity indicating a polarization at the solar

the equatorial and polar regions. Each determined point vaRfi€ thatis slightly greater than at the equator.
represents the signals from pixels which sample the underlying
CLV with finite widths, these being different for the pole and Similar analvses were conducted for the data for the line-
equatorial sections; effects of image displacement (whether thi% data with %e same conclusions. Scale shifts ranaing be-
limb happens to be placed within a pixel at its center or at ifS 9 p - ' 'S ranging
. : : . .. tween 02to 1" were sufficient to remove any statistical signif-
edge) will be different for the two radial sections. In addition : . .
. . itance of disparity in theo— CLV polar and equatorial curves.
because of the circular shape of the solar image on the reCt?Hst for all of the data, it can be concluded that no difference
gular matrix of pixels, the intensity errors introduced by char%% the CLV between thé ole and the equator has been detected
transfer inefficiencies at read-out will be different for the pola\ll(/ith olarimetric accurasies £0.02% 0:12 arts in0* and on
and equatorial sections. Although the determined valugs of PO . " S pa :
. . a spatial resolution- 1”7, the latter figure being the maximum
for each pixel are not too much affected by this, as each of . . : -
: . . vaelue of scale shift required to remove the face value disparities
four frames is affected in the same way, it does have the effec indicated in Table 2
of altering the apparent scale against which the position of {2 '

image is measured. In summary, the CLV can be considered ?ﬁf\ further possible problem associated with any comparison
suffering different convolutions with the pixel strips dependin e iﬁflcfjlé\;((:)ef a\i\ésggtg/nsbsegfEZSLFQZtSn?:)asr %Z?teosé):rer;ee';’_
on whether the equator or pole is being measured. y P :

The overall effects outlined immediately above were inveggrements made along the N/S direction, the solar image is com-

. e . . essed by differential refraction making the underlying CLV
tigated by shifting the determined polar curve with respect pgess ; 2=
the equatorial curve along the limb scale and minimising t adient seem steeper than for the undistorted E/W direction.

residual or difference function defined by ith the embedded linear ;_cale of the in_strument, this.me'ans
that at some apparent position from the limb, the polarization
A = [q(a)polar — 7(@)equatoriall (8) on a N/S radius will appear to be less than for an equivalent
position along an E/W radius.
For the data associated with the line-core, a displacement of The scale of differential refraction can be estimated by con-
the polar curve relative to the equatorial curve by 0.82 arcssidering the refractionR in arcsec, to be approximated by
minimised the value oA. The application of such a small scaleR = k tan ¢, wherek ~ 60" and( is the zenith distance. Using
shift, being a fraction of the pixel size sampling interval, is quiténis formula, simple calculation shows that at a zenith distance
acceptable in relation to the local gradients of the CLV and tlog 50°, a 10 strip along the N/S direction encompasses an ad-
notion that any recorded pixel signal provides an average vatligonal 1’ of the solar photosphere, i.e. the CLV baseline is
of the CLV over its dimension. With such adjustment, it can b@ompressed by about 1 part in 600. In terms of the field of view
concluded that no significant difference in CLVs can be confi a pixel, any compaction of the recorded CLV is too small to
dently claimed to exist between the solar pole and its equatobcome apparent and would be masked by the pixel/sampling
a polarimetric accuracy of about 2 partsliéit. Under the ob- problem outlined above. In any case, the apparent increase of
serving conditions pertaining to Glasgow, the spatial resolutitime level of the polar CLV relative to that of the equator has
of the imaging polarimeter does not exceedd”, and hence the wrong sense as to what differential refraction predicts. It
the validity of the need for the small corrective factor could nahay be mentioned that although the sense is right to explain the
be investigated empirically by shifting the actual solar imageésparity of polar/equator CLV comparisons reported by Leroy
and recalculating thg — CLV curves accordingly. (1972) at 3808, even allowing for the increase in valuefofor
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Fig. 7. The CLV data for measurements for 1997 July 20 at the Western limb in thelée-wing are plotted for both andw. At a limb
distance of 20 arcsec, tlevalue appears to deviate at low significance from the underlying curve. At the same valudef. value departs
significantly from zero. Similar variations were apparent at tlhereid-wing position but unfortunately observations at the line core were not
made at the time to see the likely enhancement of the effect at this wavelength position.

this wavelength, its scale still appears to be too small to providehieved by a narrow-band interference filter with sufficient

a satisfactory explanation for his result. throughput to maintain the position of its central passband to
to within its spectral resolution\ = 0.4A) over a field of
6. The Hanle effect view ~ 10’. By using pairs of images corresponding to the or-

thogonal polarizations, values gf can be mapped with both

It was mentioned earlier that some recorded CLVs occasionai effects of variable atmospheric transmission and of unequal
exhibited deviations from the fitted smooth curve, with thejiixel sensitivities removed. By recording the data via a CCD
origin ascribable to solar sources. An example of this behaviadystem, a set of frames corresponding to four settings of the po-
isillustrated in Fig. 7 for 1997 JuIy 20 for the record of the SO|aﬁrimetriC modulator pro\/ides values ¢f with 10 accuracies
Western limb in the blue-wing of . Inside the limb, at about ~ Ap = +0.0002 or +0.02% per pixel.
20 arcsec, they value is raised marginally with respect to the  Measurements made of the Sun at the Glasgow University
fitted CLV curve. By itself, this departure is barely StatiStica”Dbservatory ofthe CLV at Hreveal that, in this line, the degree
significant but it may be noted that the parameter departs of polarization is larger than the nearby continuum, the enhance-
from zero at the same location, indicating that the position angient arising from resonant scattering effects. Departures from
of the polarization suffers a rotation 8° with respect to the smooth CLVs are also detectable, these being relatable to the
radius vector, it being remembered that 20 = u/q. Asimilar Hanle effect.
behaviour was also recorded for the red-wing position within  The immediate reducegd values determined for the solar
the Hu line. pole and the equator suggest that the former displays larger po-

Such arotation of the polarization vector is systematic of thgrizations. The disparity is not thought to originate in the Sun,
Hanle effect, associated with resonance scattering in the piggwever, and is reconciled by adjusting the fiduciaries for the
ence of a weak magnetic field. It may ne noted, however, thaflar limb position. The need for the corrections is explainable
p is slightly enhanced in this region with the basic Hanle efn terms of the rectangular shape of the CCD pixels and the
fect predicting a depolarization (for example, see Stenflo, et @fifference of their orientation with respect to the radius vectors
1998). In the case of this feature as observed within théie, associated with the polar and equatorial sections. A shift by a
the underlying polarization must already have been enhanegfall fraction of the size of a pixel removes the apparent polar-
by effects associated with a local variation in the optical depiation disparities to the limit of the measurement accuracies of

prior to the influence of the Hanle mechanism. Ap = +0.0002 and to a spatial resolution ef 1”. It may be
concluded, therefore, that at these experimental limits, no polar-
7. Conclusion izational differences have been detected at thdikke between

. . . ) ) the solar poles and the equator.
A simple imaging polarimeter has been designed and con- ¢t is desired to improve on these solar polarimetric exper-

structed for investigating the center-to-limb variations of thgents say with a view to correlating— CLV with the solar
solar polarization within the H line. Spectral resolution is
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chromospheric prolateness as measured purely by photomeétigyke D., Grainger J.F., 1971, Polarized Light and Optical Measure-
by Auchere et al.[(1998), it would be useful to construct an in- ment. Pergamon Press, Oxford
strument with a larger plate scale and to use a CCD with smalRgllfus A., 1974, In: Gehrels T. (ed.) Planets, Stars and Nebulae Studied
and square pixels. with Photopolarimetry. Univ. Arizona Press, p. 695

Dumont S., Pecker J.C., 1971, A&A 10, 118
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