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ASTPONOMIA.— On the Difference Between the Intensity of the
Chromospheric Background on the Polar and Equatorial
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ABSTRACT

The intensity of the K32 chromospheric background is measured
along the polar and equatorial solar radii and is found to be greater on
the central meridian. The central meridian — equator intensity diffe-
rence, at the same distance from the center of the solar disk, increases
with the heliographic latitude. There are indications that the intensity
of the chromospheric background decreases from the minimum of the
solar cycle.

1. INTRODUCTION

In a previous paper (Macris, 1974) we found that the measurements
of the ratio of the flocculi intensities to those of the background at the
center of the solar disk and at distance sind = 0.8 on the polar and
equatorial radii, are the following:
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It o) [ Tenr (o) = 1.482 (1)
It (8q) 0.8 / Lehr (Bq)0.s = 1.570 (2)
Innexry 0.8 [ Tenr (wmy0.s = 1.468 (3)
Tiisry0.s / Tenr sry0.s = 1.441 (4)

We also found that the limb darkening on the equatorial radius
at sind = 0.8 from the center is

Tetr(rg) 0.8 / Iehr = 0.650 (5)

From the relations (2), (8) and (4) we conclude that

Inewry 0.8 / Tenr (vr) 0.8 < Tti (8q) 0.8 [ Ichr (rq) 0.8 (6a)

Tnsr) 0.8 [ Ichr (sr) 0.8 < Ini(8q) 0.8 / Lebr (ka) 0.8 (6b)

Thus, if we suppose that:

1) Ing,syos = In(rqos, relations (6a) and (6b) imply that
Tcnr(nr, sr) 0.8 > Lenr (rq)0.g 1.€. the intensity of the chromospheric background
at the same distance from the center of the solar disk, on the polar
radius regions is greater than that on the equatorial radius.

2) In the case Ip(ng,sryos > Inceqos, the validity of (6a) and (6b)
require Ichr(nr, sr)0.82 Lenr (8q) 0.8, 1. €. the chromospheric background at
sind = 0.8 on the polar radius must be much greater than that on the
equatorial radius. ‘T'his conclusion reinforces that one of case 2.

Thus the values of the ratios In/Ich at distance sin® = 0.8 from
the center of the solar disk on the equatorial and polar radii, lead to the
conclusion that the chromospheric background is brighter near the polar
regions than near the equatorial one.

The intensity of the chromospheric background at the polar
regions is:

From (1) and (2) we have (In/In(rq 0.8  (Ietr (Bq) 0.8/ Ietr @) =
= 1.482/1.570 and using () we obtain

Ine [ In rg 08 = 1.452 )

If we consider the first case where Iy o0.s=1In (rq)0.s, then we have.
a) For the north polar region from relations (1) and (3):

(Tnice) / Inenry 0.8) + (Inr (wgy 0.8 [ Tene () = 1.482/1.468

Since we assumed that the intensity of the flocculi is the same on
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the polar and equatorial radii at distance sin® = 0.8 and according to
relation (7) we have Tcur(nr)o0.8/Tenr () = 0.695.

If we compare this with (5) we conclude that the ratio of the inten-
sities of the chromospheric background at distance sind = 0.8 and at the
center is by 0.045 greater than the ratio of the intensity on the equato-
rial radius at distance sin® = 0.8 to that of the center of the disk.

b) For the south polar region from the relations (1), (4) and (7) that:
Icnr(sry 0.8 [ Ieneq = 0.708. The comparison of this value with that of rela-
tion (5) gives a difference 0.058, which implies that the intensity of the
chromospheric background of the south polar region at distance sin9d=0.8
is greater than that of the equatorial region at the same distance, both
compared to the central background intensity.

Therefore the differences Al(ng-rq and Alsrrq are respectively
0.045 and 0.058.

However if the second case is true: Ij(ng,sr)08 > In(rqog, then
the values of Ienr(xg, sr)o0.s/ lenr  must differ much more from the value
of Icur(Bq) 0.8/ Tetr(e) -

A third case can be considered. If we suppose that

Th(nw, sr) 0.8 < In(eg) 0.8 .
then from relations (6a) and (6b) we have:
Tenr (NR, sR) 0.8 << Lenr (1) 0.8 «

We have tried to check the wvalidity of this third case by direct
measurements of the intensity of the chromospheric backround not only
at distance sin9 = 0.8 from the center of the solar disk but also along the
whole equatorial and polar radii of the sun from sind = 0 to sind = 0.9.

2. OBSERVATIONAL DATA AND MEASUREMENTS

The material used for this photometric study consists exclusively
of spectroheliograms of the Arcetri Observatory (Table I). The spectro-
heliograph has an objective lens 15 cm. in diameter and of focal length
6.85 meters; the average diameter of the focal plane is 63 mm, so that
1 mm on the plate corresponds to 30.5 sec. of arc. The theoretical resol-
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ving power of the objective lens of the telescope at 3933,7 A (K line)
is 0.66 sec of arc.

R V2 116 08 Dl |
No Plate Date No Plate Date
1 AC 119 22 - 6 -1953 11 AD 293 2 -10 - 1956
2 AC 228 6 -10 - 1953 12 AD 309 12 - 10 - 1956
3 AC 336 15 - 4 -1954 13 AD 655 19 - 4 - 1957
4 AC 680 10 - 8 - 1955 14 AD 706 13 - 5-1957
5 AC 998 12 - 5 -1956 15 AE 105 19 =97 -" 1801
6 AD 11 14 - 6 - 1956 16 AE 132 3 -10 - 1957
7 i 12 31 - 7-1956 17 | AE 796 3- T7-1958
£S5 3 8-8-195 | 18 | AF641 | 20 5-1959
9 i e 0 9 - 8-1956 19 ‘ AF 861 18 - 7 -1959
10 AD 271 19 - 9 -1956 20 } AG 237 5- 1-1960
L ACBELR - T
Lehr (9) / Ichr (o) -
sin ¢ 0O-WwW O-E O-N 0-S Mean W, E Mean N, S
0.0 1.000 1.000 1.000 1.000 1.000 1.000
0.1 0.988 0.981 0.997 0.992 0.984 + 0.004 0.994 + 0.002
0.2 0.978 0.966 0.988 0.977 0.972 + 0.005 0.983 + 0.002
0.3 0.957 0.942 0.974 0.960 0.950 + 0.007 0.967 £ 0.003
0.4 0.927 0.912 0.954 0.943 0.919 + 0.007 0.949 + 0.004
0.5 0.887 0.876 0.929 0.914 0.881 1 0.009 0.921 £ 0.005
0.6 0.836 0.833 0.892 0.888 0.834 4 0.010 0.890 + 0.007
0.7 0.733 0.777 0.852 0 854 0.775+0.011 0.853 £ 0.008
0.82 0.676 0.692 0.797 0:797 0.684 +0.012 0.797 4 0.010
0.9 0.598 0.613 0.729 [ 0.734 0.606 £ 0.013 0.73440.013

All the photometrically callibrated spectroheliograms of the solar
chromosphere have been taken in the ionised calcium line K, 3, and with
slit-widths 0.1 and 0.05 mm for the first and second slit respectively.
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Since dispersion of the instrument is 3.35 }i/mm the band selected by
the second slit is 0.17 A centered at the core of K line. A UG3 filter was
used for this spectroheliograms and each plate was calibrated by means
of a Zeiis KbH8 photometric scale.

Four tracings were taken on each spectroheliogram in the W- E,
N-S, NW-SE and NE-SW directions. These tracings concerned the
quiet chromosphere away from centers of activity. As in a previous paper
(Macris, 1974) the background was traced by the same process.

The W-E and N -S tracings were divided in ten equal parts from
the center to the limb of the solar disk (sin® = 0.1 to sin® = 1.0). Then
the ratios Icnr(o)/ Ienr(cy Were measured. ‘T'he mean values of these mea-
surements for the 20 plates and for every sector as well as the mean
values N, S and W, E are given in Table II. Figure 1 gives the variation
of the ratio Icur(a)/Icur() from the center to the limb of the solar disk in
the W-E and N-S direction.

Figure 1 shows that the decrease of the intensity from the center
to the limb in the N-S direction is smaller than that of the W -E di-
rection. The chromospheric background is brighter near the polar regions
than it is on the equator. At sin® = 0.82 that is 55° the difference of
the mean values N, S and W, E (Table II) is 0.113 + 0.012.

This difference is not casual and as it is prooved by the Student’s
t-test (Fisher, 1946). T'he probability that the found differences are due
to chance is very small (p<€0.01). Therefore there is a real reason
which makes the intensity of the chromospheric background to be greater
in the N-S than in the W - E direction.

The differences of the ratio Icnr(9)/ Icnr () between c-W and c-E
as well as between c-N and c-S at the same distance from the center
of the solar disk, are casual, as it has been prooved by the t-test (p > 0.4)
and might be due to errors of the measurements. This is why we
compared the mean values W, E and N, S (Table II).

A possible reason which can cause this intensity difference of the
chromospheric background may be due to the second slit of the spectro-
heliograph which is straight while the K line is curved. It is therefore
possible that the line K, 32 passes strictly only about the center of the
solar disk while in higher latitudes there is also light from other regions.
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To check whether this was true we took pairs of spectroheliograms with
the second slit mooving in the W -E and in the perpendicular to the
W - E direction. In both cases we had recordings of a solar region only
through the central part of the second slit of the spectroheliograph.
Then we measured the intensity differences for each pair of spectrohe-
liograms and the results where the same as before.

Another reason which might cause this intensity difference is the
vigneting effect if it is not uniformal on the disk. However we found
out that it is symmetrical around the center of the solar disk.

Displacement of the line K32 caused by the rotation of the sun
is symmetrical in the c-E and c- W directions and therefore it does
not influence the measurements.

Therefore there is great probability that the intensity difference
of the chromospheric background in the N-S and W-E directions is
due to a solar phenomenon.

Figure 2 illustrates the wvariation of the intensity difference

N, S - W, E with the heliographic latitude.

TABLE III

Ichr ()

, sin® = 0.82.
Ichr(c)
\ |
N i w i NW S E SE N E NE S w SwW
0.797]0.676 | 0.733 |0.797/0.692| 0.725 |0.797 |0.697| 0.744 |0.797|0.676 | 0.731

The intensity of the chromosheric background in comparison to the
intensity of the center, was measured in the NW-SE and NE-SW
directions. The values we found are between those of the W-E and
N -S directions. For example the intensity of the chromospheric back-
ground in distance sin® = 0.82 in the ¢c-NW, c-SE, c-NE and ¢-SW
directions was found (Table III) to be between the values of the inten-
sity in the ¢-W, c-E, ¢-N and c-S directions. Figure 3 presents
the intensity variation of the cromospheric background at distance
sin® = 0.82 from the center of the solar disk in the clockwise direction.
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3. INTENSITY VARIATION OF THE CHROMOSPHERIC
BACKGROUND DURING THE SOLAR CYCLE

The spectroheliograms we used cover the interval 1953 -1960, in
which there is one minimum and one maximum of solar activity. Since

AI(NS-W,E) |
.
0100}
=
0.050 |-
n
0010 |
10 20° 30° 40°  50° 60° 70°90° Lat,
0.000 il | | ol | | il
[ I i i 1 T LR | 1 =
0 01 05 10 Sin®

Fig. 2. The variation of the intensity difference (N,S-W,E) with
the heliographic latitude.

we don’t have too many plates (only 20) it is difficult to conclude whether
the intensity of the chromospheric background varies during the solar
cycle. Anyway we measured the intensity (mean values of the ratios
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Iene 9) / Ienr () at sim® = 0.82 in minimum and maximum as well as for
one year between them. The results are included in the Table IV.

TABLE IV

Chromospheric background intensity at sin 6 = 0.82 during the:

\
Minimum ‘ Medium [ Maximum
(three plates) (eight plates) ‘ (three plates)

S |
|

Central | | Central ‘ Central ’

meridian | Hanber meridian ' Bepntox meridian 1 Higpeias
0.820 0.736 0.802 I 0.694 0.798 1 0.658
| |

We found the intensity of the chromospheric background decreases
from the minimum to the maximum (Alyin - Alnax = -+ 0.022 for the
central meridian and Almia - Almax = + 0.078 for the equator). However
the differences are small and the plates so few that we may not conclude
anything about the possible variation of the intensity of the chromo-
sheric background. Use of additional material in this investigation is

necessary before any final conclusion can be made.

4. CONCLUSIONS AND DISCUSSION

There have been others who have also investigated a possible inten-
sity difference between the polar and the equatorial solar regions. Their
measurements refer to different layers of the sun and their comparison
to the results of the present paper is very difficult.

Beckers (1960) using Fe™* lines found that the poles are hotter than
the equator by 60°K ; there were indications that the difference T, - T.
varies during the solar cycle. Beckers also gives a summary of work
that had been done before him on that subject. Later Mulders and Slaug-
ter (1965), Apperzeller and Shréter (1967), Burger and Houtgast (1969)
and Caccin et al (1970) contradicted Becker’s conclusions. They conside-
red the pole-equator temperature differences comparable to the statisti-
cal errors of the measurements.

Plaskett (1962) investigated the solar photospheric continuum spec-
trum in order to find a temperature difference between the polar and
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equatorial regions. These measurements have shown that the limb dar-
kening is not described by the same law on the equator and on the polar
regions. He concluded that the poles were hotter than the equator.
In 1970 Plaskett’s spectrophotometric measurements of surface bright-
ness at 16263 A for diametrically opposite limbs of the sun confirmed
that the poles are at least five per cent brighter than the equatorial
limb. Altrock and Canfield (1972) using photoelectric methods checked
Plaskett’s (1970) measurements, but they didn’t confirm them. Michard
(1962) measured the limb darkening at wave-legth A 5240 A of the conti-
nuum in both the equatorial and polar regions. According to his results
there exists a systematic discrepancy between the poles and the equator,
the pole being about 10°-15°K hotter. However the author doesn’t con-
sider the result reliable because the probable error is of the order of
the measured quantity.

A paper comparable to the present omne is Das’ and Abhyankar’s
(1960), who measured the equivalent widths of the spectral lines g and K
at the minimum of activity near the poles and along the equator, espe-
cially close to the limb. They have evaluated the temperature difference
between the polar and equatorial regions using Wooley’s ionized calcium
method; they found the poles 96° + 18° hotter than the equator. Our
measurements concern the differences of chromoshperic intensity on
Ks,3,5 spectroheliograms, that is in a layer of height about 1600 km in
the solar atmosphere (Allen, 1973).

In a previous paper (Macris, 1967) we had found a difference of the
Kg,3,2 chromospheric background, at distance sin® = 0.8 from the center
of the solar disk, between regions on the central meridian and the
equator. In a recent paper (Macris, 1974) we found a difference of the
ratio of the intensity of the flocculi to that at the chromospheric back-
ground on the polar and equatorial radii at the same distance sin$ = 0.8.
Supposing that the flocculi intensity was constant at same distances from
the center of the disk we concluded that Alur(nr-Eqos = 0.045 and
Alchr (sk - Eq) 0.8 = 0.058. T'his means that the intensity of the chromospheric
background on the central meridian at distance sind = 0.8 is greater
than that of the equator. The direct measurements of the present study
give a difference AlFr, &s-wryose = 0.113 + 0.012 which is twice greater
than the previous one. If this is true the flocculi intensity on the polar
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radii should be greater than that on the equatorial diameter. Therefore
our second assumption at the begining of this work should be correct
while the third one wrong.

The final conclusion is that there is a physical reason which causes
the intenéity change of the chromospheric background with heliographic
lattitude and this is an interesting subject for further observational and
theoretical investigations.
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HEPIARYIS

Eic tv mogoloav Egevvav pehetdvral ai petafolai tijg évrdoens tol yow-
woogatowxod Bddovg Ky, 5,5 xatd uiixog tob tonuegwod (W - E) xai tod xevrol-
%0D peonuBowvod (N - S) tod “HAlov 8x tob xévroov tod fAonod dionov xai uéxolg
Gmootdoswe Mud = 0.9 EE adrol. A v égyaciav tadtyy éxonctpomorincav
20 gaoparonhoyodupata tod “Actegooxomeiov ol Arcetri xahvmrovia t0 00-
vixov ddotnua 1953 - 1960.

Ta gyyoagpiuate, Angdévra dud tol wirgogmropétoov Joyce tol Kévroou
*Eosvvidv *Actoovouiag xal "Egnonoouéveav Madnuarnxdv tiic "Axadnuiag *Adn-
vy, dimoédnocav eig déxa Toa tuipata (qud = 0.1 Eog nud = 1.0) & tod
xévroov modg TO yethog Tod MAtaxod dloxov xai Euetoidnoav ol Adyor Ieur o)/
Fetie (c)-

To dmorehéopara vafjotay ta drdrovda :

1) ‘H Evraoig tob yomuospaiowod Pddouvg eivar ueyakviégo Emt tdv moAt-
*OV AxTivov.

e \ -} / \ ~ ’ 2 \ ~ ~
2) “H diopopa Evidoemg uetatl meploy®dv REUEVWY ETL TOV XEVTOLXOD UECTU-
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Botvod xai tod lonuewvod xal glg ™V adTv Gmd tob xévrgov Tol HAtaxod dioxov
ambotaoty, adEdvel pera 1o HAoypogixod mAdtove.

c

3) “Yadoyovv 8vdelteig 11 7 #Fvraoic ol yowposqaioixot Bddove, téoov

[0

il oV xevroueod peonufowod Goov xai i Tob ionuegwvol, uetaBdAierar cuvao-
’ -~ ’ ~ £ ~ ’ e X 7 3 ’
mioel Tob xUxhov tiig NAraxiis doastmordmroc. “H petafolny elvan avricroogoc.
To &v Aoy ovunéoaopa dev dvvatar va yivy ueta BePardtmrog dmodentdv, Abyw
T0D uinod Gordpol tdv yenopwomoméviwv @acpatoniioyoapuudrmy.
Al eboedeloar twal tdv dwagoodv tdv Evrdoswy TOU YOWUOGPULOLXOD
’ A ~ ~ s ~ - ) ’ (44 3 ’
Bddoug petakd xevrouxod peomuPBoivod xai tomueoivold Gmedelydn St dgetlovran
eic ovotnuarmyv aittav. KatehiEauev €ic 10 cvpméoaoua Gt 7 mooxakoloo Tdg
daogag tavrog aitia dpeiher va £0pedy 2mi tod “HAilov. “H dmondAvyig tiig
aittog Ttig moonakel to téoov Evdiagéoov tovto paivéuevov, amotelel Alav &vdia-

@éoov mEoPAnua tijg HAraxtic @uoikilc, Véhel 8¢ uehetndiy uellovrinde.
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Kata v dvaxoivoowv tiig doyaciag «’Eni tiig diagoedg tiig évrdeemg tod
x00proopatood Bddovg &l OV mohrdv xal tdV lonueovdv dxtivwv tod HAla-
%0V dlonov» 6 *Axadnuaindg x. "Iwdvvng EavBdxung, eine ta dxdlovda.

‘H diaood évrdosms noi deguoxgacios uetabd mohu®v xal ionueuvdv
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TEQLOYDY Anmoydinoe tovg HAaxovg @uotxovs, GAAd ta dmotedéopata T@OV Epev-
vv brfjgtav dvtipartind. Of mheiotol &€ avtdv elpydodnoav Emi tiic xarotding
otifddog tijg NAtaxiic drpoopaigag, dniady tic pwrocpaipas, #xonoinonoinoay
d¢ dagipovg uedddovg, dAhar tdv Omolwv #dwoov Vetma xal dAlar GovnTire
amoteréopata.

‘H nagotoo goevva dvoagéoetor eig v an’ eddelag puéronow tod yowpe-
cpagrod Bddovs Kz s 2. ‘O % Maxoiic 8yonmoiwomoinoe ta goouaronioyodu-
noata tod “Actegooxomeiov tob Arcetri tijg PAwoevriag. Xonoiwpwomowjoag To
poTonhextonov wxgopwtéuetgov Joyce tot Kévroov *Eesvvav *Actoovouiog xal
*Epnonoouévov Madnuatdv tig *Axadnuiag *Admvidv #lafe ueydnv ceigav
gyyoapnudtmv xora tag dievdiveelg Tol xeviowot peonuPowvod (N -S) xal tod
tonuegwod (W - E) xal 3uehétnoe tov Adyov tic évidoswg TOD YQWUOGQALOLXOD
Bddovg meog v Eviacv adrov eig T xévroov Tob fAromol dloxov, elg Ao T
nhoygaguxa mhdry xal uixn. Ta Anedévra amoreréopata Vafotav Alav 2vdia-
@égovta xal divavtal va cvvoploddel dg axolovdwg :

1) Al tipat t@v Aoywv adtdv Edeiav capdg Gt 7 Evracig Thg Moéuov yom-
noogaigag, Angpdeions da tiig yoaupiis K, s,s tod ivovicuévov dofeotiov, eival
ueyadvtéoa &ni T0V xevroxod peonufovod Gmod éxelvnv tol iomueoLvod.

2) Al dagogai t@v gvrdocmv tod yowuoopatowod Pddovg, uetaty xevrol-
%00 peonuPowvod xai tomuegvod xal eig tag Wdlag dmd tob uévioov ToU TAtaxod
diorov amootdoslg, avEdvovv pera tod fAtoyoapixold mhdrouc.

3) “Yrdoxouvv évdeiters pneraPintéimrog tiig Evrdoswg 1ol XoWUOGQOLOIXOD
Bdadovg ouvapriioer tob wixkov tiic fhaxiis doaoctnoidtnrog, Tilg mopelag oliong
avTioTeéQov.

‘H épaguoyn) t@v otatcuxdv xoumoiov onuaciag (test-t tod Student)
detviel Ot al eboedeioar Sragogai dév elvar tuyxaiar, ahha dgeilovrar eic ovotn-
watév T aitiov un duvdupevov v dmododfi elg 1o yonowwomomndiv dpyavov.
Ottw ratédntev eig 10 cvuméoaocpa 8t 10 aitov 10 meoxakoiv 10 dvotéow Qat-

vluevov déov va €doedy Emi ot “Hilov.



