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STRUCTURF OF THE SOLAR CORONA
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Abstract

Solar eclipses established the existence of the outermost region of the solar
atmosphere, the solar corona, extending to seweral solar radil and exhibiting open and
closed magnetic field patterns The density and the temperature of the solar corona were
inferred from the optical spectrum Through the use of coronagraphs on cend above the
earth and finally on the skylab and with enlarged range of spectral, spatial and temporal
resolutions, a multitude of structures formed by the complev intrplay of density, tempeia-
ture and magnetic field gradients, have been revealed The morphology and dynamics of
these structures which set up a link between the interior of the sun and the solar wind,
are briefly described in this review

1  Introduction

The first cbservalions of cotonal green line were teken tn lowa during the August 7,
1869 solar eclipse Charles Young found a green emission line 1n the outermost part of
the solar atmosphere Olher lines known as the red line and Lhe yellow line weie obsarved
in subsequent eclipses  These lines defied adentification {or several docades, as they
did not malch to any of the then known lines Around 1240, Lhe emission hines of Lhe
corona wert finally adentified Lo be the emession lines of highly 1onizod metals undor
extreme conditions of high Lempcratures and low donsities Thus the green line iz from
Fe X1V, the yellow fiom Ca XV and Lhe 1ed from Fe X These identifications led Lo the
first incheation of a million drgrec corona

2. Corona, Revealed by Solar Eclipses

Echipse. obstivations cstablished Lhe source, composition density, Lemperature and
magnetic ficld af the coron: All shapes in the corona are dus to the clectrons being
confined or olherwiae by Lhe magnebic field White hght 18 mainly the photespherie light
seallered by these poalterned electians Eclipse picturcs showed Radiating Rays prominantly
sgen sl Lhe solur polcs These arce eleclrons aligned along the magretie freld hnes and
became viastble due Lo Lhe scalterod photospherie white llight One notices siieamers,
usually restricled to  olar equator, bulb shaped at Lhe base, with nairowing neck continu
g far mitlions of kilomelers inlo Lhe interplanelary space The streamers sacquire
their shapes beeause Lhey Torm alound closed magnetie arches thal connect surface
magnetic Niclde of opposite polarily At sunspot maximum, corona looks more complex and
shows an abundance of streamers

Coronal magnolic flelds have hold on electons only so far AL larger distances, Lhe
electrons are lres lo escape and slream away into the solar wind Electrons protons and
other particles are driven away by the heat of expansion of the million degree corona
Bierman i 1951, pointed out that the observed outward acceleration and lonization of
comet tails require a continuous flow of particles from the Sun The solar wind flow
stretches out the ends of coronal streamers into the interplanetary space
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Echpses have their Limitations Being of shart duration, they cannot raeveal the
dynamical changes i1n the corona Eclipse pictures are two dimensional, one cannot
tell whether the cross sections of streamers are flat, circular or elliptical One also migses
the infarmation on the direction of streamers with respect to sarth, tmportant for solar
terrestrial relationship The interrelationship of coronal structures with other manifesta
tions of solar activity like prominences and flares 18 also missing In the eclipse observa
tions

3 Corona through the Coronagraph

Bernard Lyot in 1930, developed an alternative to solar eclipse, the coronagraph,
which consists of a telescope in which the image of the photosphere was blocked by a
small metallic occulting disk For quality observations, the stray hght had to be elimna
ted Lyot discavered several lines in the visible and near infrared using long exposures
With this 1nstrument, only the innermost regions of the corona could be studied In
order to extend the observations to the outer parts of the corona John Evans introduced
an extra occulting disk which cuts the scattered hght from the optics of the telescope
This coronagraph was flown 1n an arcraft Soon, coranagraphs were operated from
shove the earth's atmosphere which made it possible to study the corona 1n other parts of
the electromagnetic spectrum like wn ultraviclet and X ray and to study the phenomena
as far as six solar radin Many sophisticated tnstrument on Skylab revesled the corona,
in such diversity and detail that completely new models were required to understand its
workings It 15 no more a gentle uniformly expanding gas It 15 infested with structures
large and small, magnetic and nopmagnetic, hot and cold dense and rare, curved and
straight

Ultraviolet and X ray observations of the sun revealed coronal holes, coronal

arches and loops, bright points as the basic bullding blocks of the solar corona Caoronal
twles are seen as spreading bald spots at th poles of the sun often stretching down
to mid latttudes In X ray they look black indicating low densities and low temperatures
The gas pressure 1n the holes may be a hundredth of what it 15 in X ray bright reqions
Coronal holes represent an open magnetic field configuration This geometry 18 suitable
for the generation of high speed streams cbserved 1n the solar wind The study of those
streams 18 very essential for understanding the solar terrestrial relationship as they
cause magnetic starms affecting earth s magnstosphere Corenal holes rotate rigidly wilh
the sun unlike the photosphere and chromosphere which rotate faster at the equator than
et the poles

From the high quality Skylab pictures, one could follow the salar plurmes which
end in bright points The bright potnts are regions of concentrated magnetic ficlds and
plumes seem to originate tn the bright points Individual plumes rotaie with the Sun
and may persist for several days Plumes and spicules do not show any correlation in their
evolution though they coexist in polar holes Bright points are found in active regions, in
quiet regions 1n coronal holes, almost anywhere and everywhere Their average life span 19
about 8 hours though some of them are seen to flare up and fade 1n a few minutes while
others may last for days The total magnetic flux assoeiated with bright paints 1s compa
rable to that in active regions This questions the monopoly of the sunspots as sole indica
tors of soclar activity The bright points trace into the boundaries of the supergranular
cells 1n the chromosphere Some of these are associated with small scale bipolar regions
and are prone to flaring which can account for the heating of the solar corona Thus bright
points emerge as another component n the description of solar activity, 1n addition to
sunspot activity

In X ray wavelength corona can be observed ali over the disc of the sun, unlike in
eclipses X rays map the hottest reglons like the intense cores of flares The corona looks
a conglomeration of loops, arches, knots, all d lineating closed magnetic field controlled
structures The hottest regions are mamfestations of local regions of large energy release
which may be due to anamalous joute heating, magnetic reconnection and or dissipation of
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MHD waves The LUV line data has revealed temperature and density stratification within
a stngle loop whith has been modelled by Raisner, Tucker and Viana (1978) Priest (1982)
Krishan (1983, 198,) and Krishan Berger and Priest (1987) The magnetic and velocity
fields play an essential role in the stability structure and the energy balance of these
loops {see Henling of Solar Corona , this proceedings)

Ralio ohservations of the Sun gave the first indication of  large transiont distur
bances travelling through the corona, now known as coronni transtents or coronal ma s
ejections (CME) Skylab photographed gargantuan loops of coronal malerial rushing
put at speeds varying from 100 1200 km/fsec Sometimes as big as the disk of the Sun
CME s are the biggest and most dynamic outbursts of the Sun into lhe inlerplanetary
medium  Since their number increases with Lhe sunspot number, CMC s offer one more
description of th solar actlvity The mass content of CME's 1 very small insplte of
their huge size  The assoctation with same disturbance 1n the olar wind ndicales
that CME's reach a far as the orbit of thh earth, where Lhey may resull in atmospheric
changes setting up a solar terrestrial relalionship Such a large propelling force may be
unphed ecither by a lirge flare or by Lhe erruption of i prominonce In eilther case,
it 15 again ominpolenl magnetic energy which when releascd in a sporadie manner
throws Lhe solun malern) into the outer coroma and farlher away Studies show that
0% of Lhe CMC's are propclled by prominence eruplions and the 30% tiiggered by
flares orrginate lower in the solpr atmosphore

AL higher up 1in the corona Lhe magnelic field weakens and cleclrons and protons
are able to ovorcome qavity and cscape into the solar wind The expansion of the
solar plasma can be describod &

>
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where n 19 Lthe denty, m 1 mos of a proton V 1. velocity p Lhe moechanical pros ure
and ¢ 18 the gravilalional polentlal Mor radial and Jlatlonary expansion ol a fully wonized
gas, 3V/0t -~ 0 Mass 19 conscrved ding cxpansion, Lherefore, one gets
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iHere, the velocily of expansion 18 assumoed to be a functlon of radial distance r,
and the tempoialure Tq for a given initial velocity Vg In order Lo get typicel solar
wind velocity ~ 500 km/sec (required for acceleration of cometary lons), the temperaturo
T~15 x 108 for several solar radil Wind 1s significantly reduced with drop 1n tempera
ture

In conclusion, Skylab observations have brought out the importance of several
other fealurcs of solar activity in 2 way thal a reassessment of the pre skylab muodels
provides a new insighl Into the physical processes operating In making solar corona
to be what 1t 1s Thus bright points are competing with coronal loops as h ating unita of
the rorona CME's and bright points emerge as important indieaters of solar activity as
sunspots Large scale magnetic structures show the ways to the interior of the sun and to
the solar stellar connection A stellar carona can be defined as an extended stmospherie
reglon at a lemperature much higher than that of the photosphare; maintained by non
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Fig.t Density and temperature Fig.2  Tatal solar eclip ¢ (Australia
variation tn solar atmosphere 1921) exhibiting solar plumes

Fig.3 Total solar eclipse {Can Fige4, Total solar eclipee (East Africa
ton Island, South Paclific, 1937)

1973} Electrons patterned by magnetic

A prominence named "Meliosau flelds become visible 1n photospheric
rus" dominates the scene light
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Figs3  Polor Tealuie  n cotonal hight

Bright points mc scen at Lho bases of
pelar plume e

Fig.6. X rays show the hotlest parls
of the corona Active regions  of

vaiying brightness connecl to form
"Cosmice semicalon!
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Frg.7  Absence of X rays in a coronal hole extending upto mid latitudes Tightly
wound loops are the hottest reqions

kr
Fig.8a. A plcturen Fig.8b  The Boot Fig.8c X ray pho
ultraviolet shows of ltaly hole traced tograph shows
the large coronal on a picture of identical  shape of

hole high chromosphere the coronal hole
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Structure of the Selar Corona
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Mg.13 Rapid movement of a Mg. 14 A simultaneous image of
gargantuan disruption 10 the the ultraviolet Sun showing Lhe
carona propeller prominence, producing

the disruption n Fig (13)

radiative energy inpul If this energy ts sufficient to overcome gravily and magnetic field,
winds may result, 1f this energy Is too large, the whole corona may be blown away
The corena s highly varieble and inamogeneous, thus exiubiting the dynamical play
of magnetic fields Qulet corona 18 a synthetlc product of observational averaging over
space and Dime
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