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ABSTRACT

The propevties of the chromozpheres, transition regions snd cotonse of caal
avolved stars are raviewed based primarily on recent ul:rlvtolct and X-ray atudies.
Recent determinatfons of mazs loss rvates using naw observational techniques in the
ultraviclat and radio spectral reglons are discussed and observations indicating
gentral atwospheric moiions are considered. The techniques avallable for the quan-
titative modeling of these atmospheres sre outlined and recent results discusased.
Finally our current rudimentary understanding of the evolution of thase outer atmo-
spheres and {te causes are considered.

1. INTRODUCTION ‘

The raunge of astyophysical resecrch fmplied by the titie of this review is so
large that the subject matter must be restricted to fit both the time and space
avallable to me. Tha reviev {s therefore restricted to:

a) single, cool {spectral-type F-M), evolved stars,

b) the chromospheras, transition regions snd coronae of thean atars (i.e. that
portion of the atallar atwosphere cutside the photosphere), and

¢) primarily to advances made during the last tvo or three years using the
Interpational Ultraviolet Explorsr (IUE) setellite in the vltraviolet spectral re-
sion (1200-3200 A) snd the Einctein satellfte in the X=ray spectral repion {3-60 \),

In Tecent years seversl excellent reviews have been written on the general
topié of stellar chromospheres and coronae and I refer the reader to Linsky (1980,
1982}, Dupres (1981a) and Jordan (1983) for a wider coverage of this resesrch ares,
vhich hae flourished with the genarel avatlability of ultraviolet snd Y-ray dats.
Hany nev and exciting results ate emerging from this research allowing for a far .
desper understanding of these outer stmospherss than has ever besn possible before.
Detailed studies of many chromospherfc and transition region phenomans require
cbaarvations at the limits of turrent instrumental capabilities in terms of both
leagth of observation and required accurscy. The work currently being dene is
creating the basis of a new research ares and laying the Zoundation for studies
favelving futura space observatories.
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II. OBSERVED PROPERTIES OF CIANTS

Obssrvations of glant stars mada during the first year of IUE operations
cleorly showed that two distinct forms of ultraviolet spectrum are r2en from these
stars (Lineky and Haisch 1979; Brown, Joriian and Wilson 1979; Dupree et al. 1979).
Glants with spactral types earlier than X1 have nltraviolet spectra similar to those
of dvarf stars in vhich most of the lines are furmed by cnllisional excitation in
an stmosphars containing material st remperaturcs from ~6000 K (Mg II vesomance
doublet) to over 10° & {C IV and N V resonance livea). X-ray obaervations by the
Einatein satellite showved thet thess stars aleo possess coronal regions vith tem~
pira:ures up to ~101 % (Vaians et al, 1981; Ayrer et al, 1981; Hafsch and Simon
1982), ©On the other hand, giants of spectyal tvpe Kl and later show no ultraviolet
snission lines formed st temperatures wuch greater than 10 X nor do these stars
show X-ray emission. Many ol tha emiseion lines seen from these sters are formed by
fluorescence, @.g., the 5 I 129%, 1296 A lines pumped by the O I resonance lines
{Prown and Jordan 13%8(), and othar radiative procasses rather than ccllisional pro-
cesses. A fuller reviev of radiative processes in the atmospheres of such stara is
given by Jordsn and Judge (1983). A typical example of each type of spectrua is
shown In Figure 1.

Observations of the profiles of the Mg IY resonance doublet at 2796 and 2803 A
have shown that a systematic change also occurs in the asymmetry of these optically
iht;k, self=absorbed line profiles (Stencel and Mullan 1980)., Stars showing corensl
esission tend to have a stronger blue wing, while the stars showing only cool emia-
sfon lines have s stronger ted wing snd this fs incerpreted as the presence of ar
accelerating outflowing stellsr wind from the etars with strong red asyometries (cf.
Hummer and Rybicki, 1968). However, when considering individual stars, especially
distant high luminosity stars, the influence of interstellar absorption is severe
and can totally alter the cbtcerved line profile (Bohm-Vitense 1981). Stencel et
al., (1981) showed that stars with outflowing winds have extended atmospheres while
models of coronal stars indicate an essentially solar~like structure.

" Muzh controversy has ensued concerning the nature and cause of the division
betweei: the two types of atmospheric structure implied by the IUE cbservations.
Linsky and Haisch {1979) first proposed the presence of s sharp dividing line in the
HR diagrsm betwesn stars showing coronal and non-coronsl structure, i.e., through
the presence of C IV amic.ioq. Various authors proposed that the change was more
gradual ig teras of line strengths and other atmospheric properties {Jordan and
Brown 198f; Reimers 19681; Hartmann, Dupree and Raymond 1982) while others have
sought to strengthen tha argument for a sharp divisfon (e.g. Simon, Linsky and
Stencel 1982). Baliunas, Hartmann and Dupree (1983) showed thet the C IV emimsion
line fluxes of the four Hyades KO glants were not equal but dffered by significant
amounts even when differing distances were taken into account. The present situa-
tion for glants is that while a Iarge range in torms of line strength is seen near
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the dividing line, it seems that all giant stars, as they avolve up the red glant

Y Y T ¥ — L] L L}

p Gem Kou |

- 3
]
-
-
I5 o
'? + ' : + + ‘ + +
£ al | I
S d Tau +5)
% [ KSi 1
5
&

-
o
{
I

5 Si 4 S 5 8
P 1
[\ M LA
L 1 'y 1 L A A i
1200 1400 1600 1800
Wavatength(R)

The low dispersion IUE spectra of & Gem, & coronsl giant, and a Tau, 8 star
with only a cool extended chresosphere. The R Genm spectrum s from a single
120 minute exposure while the c Tau spectrum is the sumaation of & series
of spectrs, the longest having an exposure time of 150 mfnutes. The upper
1fuit on the C IV emission fm ~2.5 » 10”°1% args ca™ a™! with the noise
level on the combined spectrum befng slightly lass than but of the same or-
der aa this value. These spectra were reduced using the Oxford University
ICL 2980 computer and the methode described by Brown and Jordan (19813,

branch, suffer a fundameatsl change in outer atwospheric structure and this chlnga_'_"_
occurs neatr spactral type Kl. Therefore the position of a giant star in the HR o
diagram, {.e., its luminosity and temperature, are major factors in determining its
outer atmcspheric structure but the actual level of eaission is severely affected by
an as yet {ll-defined third parameter. ,
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III. OBSERVED PROPERTIES OF BRIGHT GIANTS AND SUPERGIANTS

While the coronal/non=coronal dividing line of Lineky and Hafach atill seems
ralevant for glants, this is not true for more luminous atars vhers rhe oituation
is far wore complicated. Yartmann, Dupree and Raymond (1981) showed that the atar
a TrA (K& 11} has C IV emission although it lies considerably to the right of the
Linsky-Hateck dividing line. Subasquently, Reimers (1982) identiffed three further
K bright glante which showed C IV enfssion {y Aur, A Her and & TrA) and Hartmann et
4l (1983), in additien to confirming the findinge of Reimers, showed that v Aql has
;i;ilnr proparties. Thase stars ars known as hybrid stars and are identified by the
prilencl of C IV smission and high velocity blue-shifted absorption components in
the Bg II and €a II resonance doublets presumed to be caused by an ocutflowing wind.
It is the simultanecus presance of transiticn region material and a steller wind
which makes these objacts so intaresting and f{mportant in understanding the transi~-
tion between coronal-type structure and the cool, extended chremospheres of coolar
stais. The early G supargiants, a and A Aqr, also show the properties of hybrid
stars and represent the supergisnt squivalents of the X bright giant hybrid stars
(Hactmann, Dupres snd Raymond 1980). (Early K supergiants show only cool extended
chromospheres.) No known hybrid star has yet been detected as sn X-ray source.

~ The hybrid stars are variable both in TR line strength and in the velocity
and mans flux of their winds as indicated by the Mg II sbsorption components. The
virlubllity of T IV line strangth may be responsible in part for earlier arguments
ii to vhether or not partfcular stars are hybrid stars. - Hartmann et al. (1983)
have shown that over a year the vslocity of the a TrA Mg Il absorption component
tncressed from =84 to =180 ka s™i, Alwo, Drake, Brown and Linsky (1983) find that
the high velocity blue-shifted Mg 1I components of hybrid stars have radial veloct~-
i!e- that show s greater scatter than those of the narrover low velocity absorption
components. The variability and breadth of the high veloeity features suggest that
they are forwed in a high-velocity rather turbulent stellar wind. The low-velocity
absorption features, on the other hand, are most probably formed in the interstellar
mnedium.

In the past, there has been such discussion as to the nature of the atmospheric
structurs of hybrid etara. Hartmann, Dupree and Raymond (1981) proposed that the TR
enission lines vere formed in the outflowing wind and that the heating required for
this might be derived from deposition of energy by Alfvén waveo. Linsky (1982), on
the other hand, propesed that the structure had two components, namely, magnetically
confined TR wmaterial and a cooler outflowing stellar wind. The present situation
(see for instance, Hartmann at al, 1983) seens to be that the obmervational evidence
suggests that the C 1V resonance and € III and 54 III intersystem lines are not
formed in the stellar vind and that the temperatures of the wind is no more than a
few x10% K.
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IV, MASS LOSS AND MASS 10SS RATES

Mags loss {a an {mportant process among cogl glants and superglants since the
onset of mass loss {s intimately related to the significant changes in atmospheric
structure already noted. Accurate determination of mass loss rates is fmportant in
astablishing what effect the observed mass loas will have on the evolution of there
stars. Drake and Linaky (1983c) discuss fn some detail nav mwethods for the deter=
sination of maas loes rates and reference to those areas shall therafore be brief
here. Recent reviews by Castor (1981), Dupres (198ib), Refmers (1981) and Linsky
(1981} discuss in depth the nature of and possible mechanisme causing mass loss In
ccol stars; here only nevw methods and subsequent results will be discusasd.

A. Ultraviolet Observations

Obsatvations of atellsr winds in the ultraviolet are superfor to optical stud-
ies because linea of fons which are dozminant species can be atudied. This removes
sany of the uncertaln assumptions necessary in the optical derivation of mass lose
rates.

The first observations wvhich definitely showed that mass was lost from otars
were those of the G glant companion of a Her by Deutsch (1956) where absorption
lines from the wind of the H3 bright glant primary were seen in the spectrum of the
companion. Suth ohservations allow the use of the companfon as a probe of the stel-
lar wind structure and this technique has been elegantly used by Che, Hsmps and
Retmers (1983) in the ultraviolet to study the winds of the K supergfant primaries
of £ Aurigae-type binary systems. Che et al. modeled the equivalent widths snd line
profiles of Fe II, 34 II and 5 II 1ines seen in the B dwarf ecompanion’s spectra
ustng a non-spherically symmetric, three-dimensional radiative tranefer code. Hass
loss rates and wind velocities were datermined for £ Aur, 32 Cyg and 31 Cyg. The
[ TTTY lou: rates fell in the range 0.6-2.8 (-8) Ho yr'l with wind velocities of 30-
280 km 0™,

Mass loas rates can also be determined by modeling the Mg II and, less impor-
tantly, Ca II resonance doublets. The Mg II linea heve the advantages of being
formed higher in the chromosphere than the Ca II lines due to their greater optical
depth and of being seen against a lower photospheric background. The derivation of
mass losc rates from obsarvations of these lines is not a simple calculation nor can
unique results be guaranteed, Drake and Lineky (1983a) have developed & co-moving
frawe, spherical symmeétry, partfsl redistribution (PRD) radiative transfer.code
which they have used to model the Mg II lines of the KO giant n Boos The masa loqq'
rate determined is L(~10) Mg yr ! vith » veloctty of 40 km s”l. L



B, Radio Observations

The Very large Array (VIA) radio telescope has the ability to Jatect cool glant
and supergisnt stars dus to the free=fres ewmlsefon originating from their partislly
' or fully ionized stellsr winds. Drake and Linsky (1982c) presant a table of derived
mase loss rates for tha saspls of cool stars #0 far etudied with the VLA, Of par-
ticular f{mportance is the probable detsction of emission from K giants for the first
time (o Boo and A Gem). To f1llustrste the type of dsta which the VIA can provide, a
'QHE- VLA map of the region around a Her (from Drake snd Linsky 1983b) ie ahown in

JTpure 2.
“(.
“o'r The most significant fact to be noted from Table 1 of Drake and Linaky (19B83c)

is hov small the pevly derived mass loss rates are conpared with previous results:

Yor the rate derivad from radio observacions there is always the possibility that

tha vind i predominently neutral, in which case the radic observatfons plare severe

upper limits on the fractional ionization, The upper Limit ehown for the mass lams

rate of the hybrid star 1 Aur is ssaller than previously quoted values which were

used to computse Alfven-vava driven vind models for such stars (llartmann, Duprea and
! Raymond 1981).
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Fig. 2. A VLA 6 cm (4885 MHE) map of the region surrounding the binary star
a Her, The base contour level (the firsi solid contour) is equivalent
to the T.m.s. noise level. The opticsl positions of !l Her and n” Her
are indicated, but note that the uncertainties in these positions are
x. v such less than the crosses shown. A serendipitous source (8) ia aleo
L indicated. a2 Her has a flux density of 1.2 2 0.2 w)y (!ron Drake and
Lineky 19831%).
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V. ATOMSPHERIC MOTIONS

In addition to the inforaation that IUZ spectra provide concerning the out-
flowing winds of cool stars, othar effects of atwospharic motions are detectable.
Ayras et al. (198)) and Brown et al. (1983) have shown that in the IUE spectra of
4 wide variety of coronal atars, ranging froam dwarf atars to the supergiant A Dra,
systematic wavelength shifts are seen betveen transition region and chromospheric
amission lines. The shift is in the aense that the transition region lines are red
shifted with respect to the chromespheric lines.

This phencmenon ie best {llustrated by observations of n Aur (Capella) aud
# Dra. Ayres (158)) obtained a series of waveleagth c‘ilhrnted hizh disperaton IUE
spectra closa to conjunction of the Capella binary system. Thess spactrs were then
co~added to give the results shown in Figure 2. The rero velocity represents the
rest velocity of the system and therefore at conjunction tha reast velocities of both
stellar photospheres. The striking festure ts thrt all the emission lines, even the
chromospheric lines are red shifted. DBefore exsaining the other features of this
disgram it fe best to consfder # Dra, which Brown et al. {1983) hava studfed in de-
tail. TFrom the cbserved line widths, profiles and ratios of the C IV and St 1V
resonance doublets, these lints sre seen tc be optically thick snd ssymmetric to
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Fig. 3+ The ohiserved line centroid velocities for a range of emiseion lines from
the Capells binary system at conjunction. Open symbols indicate lines
which have uncertain optical thickoness, solid symbols lines which are
definitely optically thin znd hatched symbols linas wvhich ars definitaly
optically thick (froa Ayres 1983).
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the red, resulting in the measured redshifts. The obssrved shifte for these lines
are therefora most likely dus to optically thick line forssticn in & turbulent me-
dium contsining accelerating upflows and/or decelarating downflows. This conclu-
sion alsc appiies to cther optically thick lines such as the € II and O 1 resonance
lines. Hence, sispls interpretation of the line shift dats is beet rastrictad to
the optically thin fatersystea lines which are redshiftad by 48 & & (lo) k= ! n
B Dra sand also by a similar amount in a Aur as can be seen from FPigure 3. Thess
valuss are nesr tha limits possible using IUE and clearly confirmstion of such
results by futurs higher-quality measurements is desirable. However at face value
.ih.-o shifts indicate a nat excess of anission from downward wmoving material over
that from materisl moving upward.

VI. ATHOSPHERIC HODELING
A+ Modeling Technoigues

As aight ba expectad from tha vary different spectra of coronal snd moncoronal
stars, the techniquas used to calculate atmospheric models ara different for the two
groups of stars.

For coronal stars the two techniques which have been widely used are emiesfon
messure analysis and radistive Lransfer modeling of the Mg II end Ca II resonance
1ines. PEuission messure snalysis can be used to modal the portion of the outer
stmosphete at tesperatures 210‘ K vhers hydrogen is predominantly ionfzed. This
type of analysis was originally developed for solar work {Pottasch 1964; Jordan and
Wilson 1971) and ite general application to stellar chromospheres and coronse has
been discuseed in detsil by Jordan and Brown (1981), The emission measure, E,, 1s
IAH Nzﬂh whers AH is the region of line formation and is related to the total eur-
face !lux of a collisionally-excited, cfflctlvmly-thln enission line, using our
current formalism, by

_35-102”12"z b &) {
Memy iy By By, ® Al

Here i1y, is the averaged collision strength, wy is the statincical weight of the
lowsr lavel, H!INH is the elmentsl abundance, "llnlon is the population of the lower
Jevel and g(T,) 4s the value st pesk fon population of the temperature-dependent

2dh .

function

s(T) -T:” oxp(-W,,/KT,) ,l‘:" .

Wiz 1e the excitstion energy and all other synbols have their usual meaning.

From the eaission messures of individual lines s mean emission measure distri-
bution is derived and then plane-parallel atmospheric models can be computed in



hydrostatic equiiibrium using

2
dT /dh w po/{2.0 B (T )T |
and
drg/dh = =7.14 x 1077 P g7,

vhare P, Is the gcaled pressurs (N, T.) and g4 {e the stellar surface gravity.

The alternstive modaling method for coronal stars fs to use the ¥g II and, less
importantly, Ca II resonance lins profiles to determine the chromospheric structiire
by means of parttal-redistribution (PRD) line transfer coder and then to derivs the
transition ragion structure by matching the line fluxes. of lines such as the 51 1V,
C IV, and K V rescnance lines. This wethod can also be applied to noncoronal stars
with extended atmosphetres although in this case the systematic outflow of the stel-
lar wind must be explicitly Included fn the calculations In order to produce rea=
sonably unique results from modeling the Mg IT resonance 1line profiles, conetraints
on the atmospheric pressure must be obtained from density sensitive line ratiocs.
{This 1s also true for emiasion wessure analyais.)

The estimat{on of electron densities from lfne ratios is a erfitical step in the
modeling process. For coronal stars the most ussful line vatios are betwesn (1)
the intersystea lines of C IIX 1909 A and S1 XIII 1892 A, although in this case th:
original density calibration of Cock and Nicholas {1979) must be corrected for the
naw Si IIX atomic dats {Baluje, Burke and Kingston 1980, L981), and (fi) the menbers
of the O IV intersystem multiplet at 1401, 1405 and 1407 2 (Nussbaumer and Storey
1982). FPor atars with cocl extended chromospheres the C II intersystem multiplet
near 2325 A provides the best density estimates (Stencel et al. 1981).

A further method for calculating atmospheric models of cool extended chromo-
spheres involves the study of the ratios of lines of differing opscity which origi~
uate from the samc upper level. In the situation whare one line s optically thick
and the other is not, Jordan (1967) showed that the opacity in tha optically thick
1line can be determined and a mass column density derived. Application of this meth-

od to stellar spectrs observed with IUE was discussed by Brown, Ferraz and Jordan
(1980).

Banfcally the method 1s se follows: The fluxes (F) in each pair of lines are
related to their branching ratfoa, b, and probab!ilities of escape, g, so that

rlll?z - "2"1“1"1"2“2 '

Assuming & Gauvasian profile, the probabilicy of escape is relate] to the opaciry at
line center, 1, by '

q=1l-erf(tn 70)1’2

Finally, for a Dopplar=broadened line formed at temperaturs Tye Tg is related to the
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uass column density, [ Hydh, by

"lon -1/2

=15 1/2 z
" 6.0 » 10 A(A)!lz ] B "HTI dh

!

"to
vhare f15 and M ave the osuiliator strength and atomic weight, raspectively. This
mathod 1s spplicable to lines of saveral dons such ae C I, 57, O I and Fa IT. (For
~ details see Jordan and Judgs 1983.)

. B» MHodels of Atmospharic Structure

Four giant and bright glant stars have nov been modeled using emfssion mensurse
techniques. These are £ Dra (G2 Ib-1I; Brown et al. 1981), A Gem (XO III; Prown and
Jordan 1983}, a TrA (K& II) and 1 Aur (K3 II}, with the latter two models by Hartmann
ot al. (1983), The general conclusion is thst the atwospheras are not entended,

1.0. the extent i» lesc than or aqual to the atellar radius. Representative wodels
of R Dra arc shoen in FPigura &, Vor this star, density-sansitive line ratios and
opacity arguments suggest the 1.1 x 101‘ '3 K model is appropriate for the transi-
tion region but a alightly larger scaled pressure (3.5 « 101‘ -3 K) 11 needed to

7.0+
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rig. 4. Bimple spharically-symaetric models of temperature varsus height for
. # Draconis based on smission measure snalysis. The lc-lcd pressure for
each wodel at log T, = 5.3 s fndicated fn units of 101% ex™ K. Note
that ths ntlolphcrlc axtent is less than or of tha pzder of the stellar
radius. Only the model at Py = 3.5 x 10l* cm=d K can consistently be
extended to coronal teaparaturep without allu-tn: thit the X-ray enitting
plasma fs geomstrically confined (from Browm et al: 1983).
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match the coronal emission, slthough thias discrepancy can be vemoved by reducing the
fractional area coverage of the transitfon region plasea. Additicnal evidence that
the atwmosphere may have more than ona component s that thé coronal temperaturs
(~1.3 x 107 X) 1s much greater than the escape velocity of the ster (~B x 103 K} and
the coronal regions must than be aithar magnetically confined or hestad in an out=
flowing wind. Cenerally, the pressuras derived for these stars are lower than those
found for dwacf stara of similar spectral typse. The density derived by Hartmann et
al, (198)) for a TrA from the C II Intersystem lines (4 » 108 c-") is couparable to
those found for extended chromosphers stars and probably reilecta the density in the
outflowing vind of a TrA.

-

Other stars have been modeled using radistive transfer codes to mateh the Mg II
resonance line profiles including p Cet {G%.5 IIT{ Erikeson, Lineky and Simon 1981),
and A Dra, ¢ Cem (CBIb) and n Ori (H2 Iab) by Basri, Linsky and Eriksson (1981).
Comoving frame models by n Boo (KO I1I} and n Ori have been computed by Draka and
Linsky (1983) aid Hartsann and Avrett (1983) respactivaly. Eariier modeling of
chromospherfc tesonance lines vau plagued by lack of constraints on the atmospheric
preasure, Harimann and MacGregor (1980, 1982) have Investigated the properties of
stellsr winde heated and driven by Alfvin waves. Howvavar, ths counter argumants of
Holzer, F1R and Leer (1983) cz:t doubis on this mechaniem for high msss loss winds.
NHo detailed models have ye! Léyu published based on the escape probability method.

VII. EVOLUTION OF ATHOSPHERIC STRUCTURE

Our understanding of the detailed evolution of the outer atmospheric structure
of cool stars 13 as yet fairly rudimentary. The most comprehensive atudy of evily-
tionary changes {n the ultraviolet specira of glant and bright giant stars is that
of Stmon (1983) in which great care was taken to separate stars sscending the glant
branch for the first time from more evolved stars., Figure 5 shows tha varfation
of C IV surface flux normalized to the stellar bolomstric flux found for the stars
crosaing the Herzaprung-Russell gap for the first time, The normalized C IV flux
rises stesdily to a maximua ot GO III and then declines again. The range of ¢ IV
enission smong the late G and early X glante including the mors svolved stars is
large, about a factor of 50, reflecting the results already mentioned concerning
the Hyades gfants. Additfonally, Simon showed that the normalixad ¢ IV flux s
wvell correlated with v ain 1 Indicating, that much of the systematic change saen lﬁ'f'
Figure 5 is related to changes fn the stellar rotation rales and the growth of sub~
photaspheric convection zones. '

Although as yet too few quantitative modelr of atmospheric structure exist to ,'
allow the detailed avolution of stellar chromospheres and coronas to be explained,
it {e possible to speculate on the major factors sffecting the outer atmospheras of
stars evolving towards the glant branch. CGray (1982) has shown that the surface
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rig. 5. Normalized C IV fluxes for yallow giants plotted varsus B~V, BStars evolv~

ing up tha glant branch for the first time are shown as squares while more
evolved stars ars shovn' as circles. Trianglec and inverted triangles indi-
cate the componsnts of tha Capella binary and the Hysdes K giants respec-
tively. Datections {with lo ervor bars} are plotted as filled synmhols and
1o upper limits as open symbols. The vertical deshed line shows the posti-
tien of the Linsky-Hafech dividing line (from Simon 1983},

rotation rate of glante decrsases dramatically and abruptly at spectral typa G3,
Rotation is a major factor in the generation of surface magnetic fields by the
dynano mechaniem. The coronal mctivity level of a atar that suffers a large da~
clesse fin rotation will be greatly reduced and its sbility tc ratain wmagnetically-
confined coronal plasma diminished. Simon, Linsky and Steancel (1932) drow attention
to ths systematic reduction in the temperature of the critical point of a Parker-
typs thermally=driven wind and the relatfon of this change to the cooling and ex-
panvion times of tha wind. The form of the radiative power lose function of a hot
plasua (cf, HeWhiter, Thonemann and Wilson 1975) fa such that {f a plasma hes a tem-
perature betwean ~10‘ K and ~8 x 103 K and no heating {s supplied, then the plasma
will cool rapidly to ~108 K. 5iwon et al., noted that the critical teaperatures for
f Cem (coronal) and a Boo {non-coronsl) were $2 x 10% x and £l x 10° x respoctively
and suggestsd that a lack of cnnfﬁnad magnati: reglons and the above radiative insta~-
bility together could account for the lack of tranmition region and coronal plesus
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in a Boo, This type of explanation seens reauonable given our current knawledge of
the detalled properties of these stavs. It is interesting to note that, because of
their larger masses, the hybrid bright giantw and supergfants have critical tem=-
peratures above 5 x 10° K, Yor ewample, using the stellar propertiec adopted by
Hartmann et al, (1983) for o TrA (log g = 1.5, R = 79 Ry), the critical temperature
for this atar is <7 % 10° K.

1 would like to acknowledge support by National Aevonautice and Epace Adninie=
tration grant NAGS5-82 to the University of Colorado while preparing this reviaw, I
would like to thank Drs. T. Ayrea, K. Carpenter, 5. Drake, L. Hartmann, C. Jordan,
J+ Linsky and ¥, Walter for their advice and helpful diecuseions concerning the
subject of this reviev.
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