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A B S T R A C T . T h e requi rements and condit ions for h igh resolut ion imaging and polar ime-

t ry of t h e Sun are reviewed. Various m e t h o d s a n d techniques are discussed for image 

s tabi l iza t ion a n d sharpening in solar observat ions . T h e new solar faculties in t he Cana ry 

Is lands in pa r t i cu la r are frequently reaching diffraction l imi ted resolut ion and yield new 

insight in t he s t ruc tu re and dynamics of the solar a tmosphe re . F u t u r e g round based tele-

scopes like T H E M I S and L E S T , as well as p lanned solar missions in space will t r igger a 

next advance in solar physics. 

1 Introduction 

T h e future of solar physics lies in unde r s t and ing t he basic as t rophysica l processes t h a t 

can be observed on the Sun. This includes unde r s t and ing t h e m a g n e t o h y d r o d y n a m i c a l 

processes t h a t occur , and an i m p o r t a n t , even crucial , tool for u n d e r s t a n d i n g these pro-

cesses is po la r imet ry , combined wi th spectroscopy, of smal l spa t ia l domains over ex tended 

per iods of t i m e . 

I t is increasingly apparen t t o solar as t ronomers t h a t fur ther progress in unde r s t and ing 

the physics of t he solar a tmosphe re relies critically on observat ions of sub-arcsecond struc-

tu res . M a n y fundamenta l physical processes in the Sun 's a tmosphe re obviously occur at 

sub-arcsecond scales. Recent analysis of the C IV emission of t he solar t r ans i t ion region 

suggests t h a t emi t t i ng s t ruc tures m a y be < 10 k m (Dere 1987). T h e sizes of the small-

est s t ruc tu res in t he Sun 's a tmosphere migh t possibly be the p h o t o n m e a n free p a t h at 

r c ~ 1 in the photosphere , which is abou t 50 k m in the visible, and < 5 0 k m at the opaci ty 

m i n i m u m a round Ι .βμτη. In the presence of magne t i c fields in the solar a tmosphe re the 

osci l latory modes of smal l flux ropes (Ryutova; this proceedings) m a y cons t i tu te spa t ia l 

scales t h a t are only a fraction of the assumed flux rope d iamete r s ( < 3 0 0 km). An even 

smaller a n d more relevant scale would seem to be the thickness of b o u n d a r y layers which 

are m a t c h i n g local gyro radi i and are therefore in the m and cm ranges . T h e character is t ic 

t i m e scales of t he fine s t ruc tu re e lements can be t ied t o t h e sizes and mot ions of t h e s t ruc-

tu res . Assuming a conservative value for t he element size; d ~ 70fcm, a n d character is t ic 
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velocity < 2 km s - 1 and < 10 km s~x in respectively t he pho tosphere and chromosphere , 

we find corresponding t ime scales d/v ~ \ min and < bs. 

One will clearly no t be able t o resolve t he smallest of such solar s t ruc tures in the 

foreseeable future , b u t every improvement in spa t ia l and t e m p o r a l resolut ion is likely to 

yield new insight and unde r s t and ing of t he physics of t he Sun. Exci t ing and highly worth 

while pro jec ts for t he near future are such as t he g round based T H E M I S and L E S T , and 

possibly t he space bo rne OSL, and these will p re sumab ly offer resolut ion in the range 0.15 

- 0.05 arcsec, which is b e t t e r t h a n the best telescopes today. 

2 Observational Requirements 

2 . 1 G e n e r a l R e q u i r e m e n t s 

T h e requ i rements for a m o d e r n opt ical solar telescope are: (1) h igh spa t ia l resolut ion, (2) 

h igh sys tem th rough -pu t , and generally also (3) low i n s t r u m e n t a l po lar iza t ion . T h e near 

infrared wavelength region allows observat ions t o deeper layers of t he pho tosphere and 

(4) near IR capabi l i ty is desirable. In addi t ion , t he observat ions done wi th todays solar 

telescopes, from ground as well as from space, present a significant challenge in (5) da t a 

m a n a g e m e n t capabil i t ies which includes (i) acquis t ion, (ii) t ransfer , (iii) ca l ibra t ion , (iv) 

reduc t ion , (v) analyzing, and (vi) archiving. T h e p rob lem is no t un ique t o large telescopes 

only. Given combina t ions of h igh spa t ia l , spec t ra l and t e m p o r a l resolut ion over even a field 

of view of few arcsec is generally a m a j o r d a t a handl ing task for any good solar telescope. 

T h e effective spa t ia l resolut ion a t t a inab l e wi th a given telescope sys tem is a function 

of t he opt ica l qual i ty of the sys tem itself and the seeing. T h e m a i n con t r ibu t ion t o the 

seeing is from the a tmosphe re , b u t a non-negligible share comes from the local telescope 

env i ronment . T h e careful choice of site is equally i m p o r t a n t t o t he opt ica l a n d mechanical 

qual i ty of t he telescope sys tem. Also a good site m a y easily be spoiled if t he telescope and 

tower s t ruc tu re genera te s t rong air turbulence . 

A solar site is considered t o be superb if it offers seeing of 0.1 - 0.3 arcsec a fraction of 

t he t ime . This fraction can be no tab ly enhanced wi th t he aid of t h e real-time techniques 

active a n d adaptive optics (Beckers 1989c). F u r t h e r m o r e , solar interferometry techniques 

can be appl ied after the fact t o recover t he h igh spa t ia l frequency signals down to the 

diffraction l imit of t he telescope (von der Lühe and Zirker 1988). T h e " K n o x - T h o m p s o n " 

scheme (Knox and T h o m p s o n 1974) shows promise and has been d e m o n s t r a t e d by Stachnik 

et al. (1983) and von der Lühe (1988a) . T h e future prospects in solar in ter ferometry is 

discussed by Rozelot ( this proceedings) . 

R e m o t e opera t ions /obse rv ing of stellar telescopes are present ly developed and tested 

for the purpose of enhancing the efficiency in use and lower the cost ( M a r t i n and Hart ley 

1985; Raffi 1988). R e m o t e observing is p lanned as an opt ion in L E S T (Engvold et al. 

1985). 

In t he following we shall address some of the poin ts above. 

2 . 2 S p a t i a l R e s o l u t i o n 

In a perfect imaging sys tem all energy of a poin t image is concent ra ted in an Airy disc 

corresponding to t h e diffraction of the circular telescope ape r tu re . T h e angle corresponding 
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to the rad ius of the centra l Airy disc is usual ly considered as t he telescope resolut ion. T h e 

modu la t ion transfer function corresponding t o this resolut ion is 0.0894. Th i s m e a n s t h a t , 

say, a t rue 15% cont ras t of solar g ranu la t ion is reduced t o less t h a n 1% in the image 

produced by a ~ 10 cm ape r tu re telescope t h a t j u s t "resolves" t h e g ranu la r s t ruc tu re . T h e 

effects from telescope aber ra t ions and seeing a d d to this and serve t o reduce t he spa t ia l 

resolution fur ther . 

T h e qual i ty of an imaging opt ical sys tem is quantified by compar i son to the theoret ica l 

diffraction image . T h e r a t i o of cent ra l in tensi ty of t he poin t image theore t ica l cent ra l 

intensi ty is t he Strehl Ratio (SR). W h e n the rms deviat ions from the perfect surface is 

expressed in t e r m s of phase error Δ Φ the resul t ing Strehl R a t i o becomes (see D u n n 1987): 

A c o m m o n convent ion is t o consider a sys tem diffraction l imi ted when SR is grea ter 

t h a n or equal t o 0.8, which implies Δ Φ = 0.447 or t he equivalent t o λ / 1 4 . An rms 

phase error corresponding t o λ / 2 0 ( Δ Φ = 0.314) yields SR = 0.90. T h e phase errors 

due t o a tmospher i c seeing will affect the SR in a similar way. A par t ia l ly correted phase 

variat ion of the wavefront due t o seeing (see Sections 4.2 and 4.3) will result in a point 

spread function t h a t consists of a sharp diffraction disc superposed on a residual halo-like 

image wi th the shape of the seeing disc (Roddier and Roddier 1986). T h e resul t ing image 

in this case will be a composi te of a diffraction l imi ted and a b lu r red componen t . 

2 . 3 T h e L i g h t F l u x a n d T i m e R e s o l u t i o n 

The n u m b e r of available pho tons in the detector p lane are generally a b u n d a n t in solar 

observat ions a t m e d i u m resolut ion (1-2 arcsec) and over m e d i u m to b r o a d spect ra l bands 

( Δ λ > 1 Â ) . O n the o ther h a n d , in the case of h igh resolut ion, Stokes po la r ime t ry one 

needs a large ape r tu r e solar telescope wi th h igh t h r o u g h p u t in order t o a t t a i n the required 

signal t o noise r a t io . Besides increasing the collecting ape r tu r e a rea of the telescope one 

also have to use good detec tors . Highly efficient charge-coupleJde vices ( " C C D " ) detector 

ar rays offer q u a n t u m efficiencies up t o 50% and m o r e in the visible and near IR, compared 

to 2 - 2 5 % for photomul t ip l ie r s , and ~ 1 % for pho tograph ic emulsions. 

T h e n u m b e r of pho tons per uni t t i m e a t the de tec tor p lane of a telescope wi th ape r tu re 

d iamete r D and focal l eng th / can be expressed by: 

P(X) is the flux n u m b e r of solar pho tons ( the factor 0.5 is a tmospher ic t ransmiss ion) , t(X) 

the overall sys tem efficiency, a t he detector element area , and Δ λ the spect ra l e lement . 

T h e sys tem efficiency is the t o t a l light loss in reflecting surfaces, t ransmiss ion opt ics , 

b e a m spl i t te rs , m o n o ch romât ors , g ra t ings , and the detectors q u a n t u m efficiency. T h e net 

t h rough-pu t is the p roduc t of the cont r ibu t ion from the telescope and from the post focus 

i n s t r u m e n t , i.e. ί ( λ ) = tt(\) tpf(X). 

T h e n u m b e r of reflecting surfaces in m o d e r n vacuum telescopes are 4 - 5 ( the Swedish 

telescope in La P a l m a has only three mi r ro r s ) , and two t ransmiss ion windows. Assuming 

t h a t each reflecting surface is freshly coated wi th a l u m i n u m which gives mi r ro r reflectivity 

SR = (1 - Δ Φ 2 ) (1) 

Ν = 0 .5Ρ(Λ) t{\) α Δ λ ( - ) 2 

(2) 
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will be ~ 0.88 a t λ ~5 ,500Â, a n d window t ransmiss ion 0.92 we get £ t (5,500Â) = 0.45 to 
0 .51 . T h e m a j o r light loss usual ly takes place in t he focal p lane i n s t r u m e n t s . For example , 
t h e e s t ima tes of Lites (1987a) for a L E S T Polar imeter give f- p /(5,500Â) < 0.016. T h e net 
efficiency will t h e n be <(5,500Â)~ 0.008. One m a y no te t h a t a ma jo r gain in t he overall 
t h rough -pu t of a solar telescope is likely t o be achieved by clever design of focal p lane 
i n s t r u m e n t s . 

Assuming t h a t p h o t o n noise domina tes t he signal t o noise is given by S = y/N. Let 
us a s sume t h a t t he angula r subtense of t h e de tec tor pixel e lements Δ Θ is abou t one-half 
of t h e angular resolut ion of t h e sys tem and we get Δ Θ ~ 2y/a//. We m a y t h e n express 
t he re la t ion be tween t h e telescope d iamete r D and 5 as (cf. MacQueen 1987): 

D - — , 1 (3) 

A signal t o noise r a t i o S ~ 300 will be appropr i a t e for s tudies of spect ra l line profiles wi th 
Δ λ = 0.010 Â. We t ake Ρ (5 ,50θΑ) = 5.5 1 0 1 3 [cm^A^s-1] according to Lites (1987a) , 
Δ Θ = 0.1 arcsec a n d ί ( λ ) ~ 0.008 and find a requisi te telescope d iamete r D ~ 2 . 6 m for an 
in t eg ra t ion t i m e of I s . We m a y conclude t h a t solar (Stokes) Polar imetr ie work is generally 
p h o t o n s ta rved unless the telescope ape r tu re exceeds 1-2 m . 

2.4 R e s i d u a l P o l a r i z a t i o n 

Observat ions and in te rp re ta t ions of spect ra l line profiles recorded in polar ized hgh t are 
invariably compl ica ted by telescopic and i n s t r u m e n t a l po lar iza t ion a n d the effects of yet 
u n k n o w n spa t ia l averaging. 

T h e s t r ingent requ i rements on i n s t rumen ta l po lar iza t ion in solar telescopes arises from 
their inabi l i ty t o provide high spa t ia l resolut ion, - t he po la r ime t ry signal is b lu r red and 
therefore subs tant ia l ly weakened. Vector po la r ime t ry will be more prac t ica l and simpler 
when the inherent spa t ia l resolut ion is < 0 . 3 arcsec. 

T h e a ims of T H E M I S and L E S T are t o reduce the paras i t ic po la r iza t ion by using 
po in ted telescopes wi th ro t at ional ly symmet r i c opt ics , at least before t he pos i t ion of the 
po la r iza t ion analyzer . A recent s tudy by McGui re a n d C h i p m a n (1988) showed t h a t even 
ro t a t i ona l symmet r i c opt ica l sys tems give a ne t po la r iza t ion effect. T h e effect depends 
largely on the f-ratio and the reflective coat ings of the p r i m a r y mi r ro r s . In t he case of 
L E S T t h e uppe r b o u n d of this po lar iza t ion is .68%. However, since t he effect is cons tant 
for a given telescope it can in essence be calculated and corrected (see Stenflo 1988; in 
McGui re and C h i p m a n ) . 

3 Solar Seeing and Sites 

3 .1 A t m o s p h e r i c o p t i c s 

Francois Roddie r (1981, 1987) describes the effects of a tmospher ic turbulence on opti-
cal wavefront p ropaga t ion . T h e incoming wavefront varies in ampl i tude A(x) and phase 
Φ(χ) across t he en t rance pupi l . T h e image degrada t ion arising from uncorrec ted ampli -
t ude var ia t ions ("scint i l la t ion") r emains small . Image qual i ty is considerably improved by 
correct ing t he phase error only. 
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T h e variabil i ty of wavefront d i s tor t ion can be represented by a character is t ic spa t ia l 

length (Pried p a r a m e t e r r 0 ) , a d i s tu rbance lifetime (a tmospher ic de-correlat ion t imes r 0 ) , 

and the angula r i soplanat ic angel Ω. T h e Fried p a r a m e t e r (Fried 1966) can be expressed 

by 

ra = 0 . 1 8 5 λ 6 / 6 cos z3'5 [ Γ Cl(h)dh}-3'5
 (4) 

Jo 

λ is t he wavelength, ζ t he zeni th d is tance , and C*(h) is t he s t ruc tu re function of the 

refractive index wi th height in the a tmosphe re . 

T h e de-correlat ion t i m e is due t o refractive index inhomogenei t ies dr iven by wind 

across t he opt ica l b e a m and is of the order of 

τ0 ~ r0/v (5) 

where ν is t he average wind velocity. 

T h e angle Ω over which the wavefront p e r t u r b a t i o n r emains approx imate ly t he same 

can be e s t i m a t e d from 

Ω ~ \r0lh (6) 

where h is an average dis tance of the tu rbu len t layers. Assuming r0 = 20 cm a t λ = 

5,000À, a n d v ~ 1 0 m s - 1 gives τ0 ~ 20 ms. For h = 4,000 m the i soplanat ic angle 

becomes 7 arcsec. 

I t is essential t o be aware of t he inherent wavelength dependence of all th ree p a r a m e -

ters , i.e. they all vary as λ 6 / 5 . T h e effect of th is is t h a t t he seeing becomes rapidly be t t e r 

with increasing wavelength. 

3 . 2 M e t e o r o l o g i c a l C o n d i t i o n s o f S o l a r S i t e s 

In the pas t decades b o t h tes t measu remen t s and ac tua l as t ronomica l observat ions have 

shown t h a t h igh level is land and coasta l sites in cer ta in l a t i t ude be l t s a round the e a r t h show 

superior per formance t o in land sites as far as n igh t - t ime seeing is concerned (Walker 1984). 

The extensive J O S O tes t ing campaigns performed in t he Med i t e r r anean , at t he Western 

coast of t he At lan t ic ocean and on the C a n a r y Is lands ( B r a n d t a n d Wohl 1982; B r a n d t and 

Righini 1985a) have added some evidence t o the validity of this general s t a t e m e n t also for 

solar observat ions . T h e locat ion of such good sites is closely connected t o t he large-scale 

global c i rculat ion p a t t e r n , wi th ascending mo t ion near the equa tor and descending air 

masses in subt ropica l l a t i tudes , forming the so-called t r ad e wind sys tem. High level sites 

in these l a t i tudes are generally located in semi-permanent high pressure sys tems above an 

inversion layer, and are immersed in subsiding, dry and s table air masses (Mclnnes et al. 

1974; E r a s m u s 1988). 

B o t h the Hawai ian and the Cana ry Is land archipelagos fulfill these condit ions and their 

excellent sui tabi l i ty for as t ronomica l observat ions is d e m o n s t r a t e d by the fact t h a t abou t 

half a dozen telescopes h a d been bui l t and are being ope ra ted successfully on each of t h e m . 

However, thei r ac tua l per formance , especially dur ing day t ime , depends critically on the 
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m i c r o t h e r m a l condit ions in t he b o u n d a r y layer (0 t o 300 m above t h e s i tes) , which are 

s t rongly influenced by the topography of t he si tes, hea t ing of t he g round , slope winds etc. . 

T h e Canary Islands are s i tua ted at a l a t i t ude of approx . 28 N , longi tude 17 W in the 

Azores h igh pressure sys tem between 350 and 450 km from the African m a i n land . The 

general cl imatological s i tua t ion is well comparab le wi th t he one a t Hawaii , i.e. a t r ade 

wind sys tem wi th an inversion layer at heights be tween 1,200 and 1,600 m and subsiding 

s table air masses above these heights (B rand t a n d Righini 1985a,b) . 

Γ 0 6 0 Î 

Um]( 

16 18 20 22 24 26 28 30 02 04 06 
I U N E JULY 1973 

I I I I I I 
0 4 06 08 10 12 14 

S E P T E M B E R 1974 

Figure 1: The Fried parameter rQ deduced from radiosonde measurements. Circles include 

measurements up to 10 km height and crosses up to 17 km. Barletti et al. 1977) 

Ear ly in-s i tu m e a s u r e m e n t s of the t e m p e r a t u r e fluctuations wi th radio-sondes could be 

conver ted t o values of rQ. T h e Figure 1 from Bar le t t i et al. (1977) shows t h a t mos t often r0 

= 20 - 30 cm, and t h a t occasionally rQ exceeds 50 cm. O the r measu remen t s have resul ted 

in somewha t smaller values of r0. Measuremen t s wi th the 40 c m Newton vacuum telescope 

a t I ζ a n a in 1979 showed t h a t 2 3 % of t he hour ly measu remen t s t aken on 160 observing days 

yielded an in s t an taneous image sharpness of < 1.2 arcsec F W H M (cf. B r a n d t and Wohl 

1982). F r o m a 7 day series of solar l imb m o t i o n measu remen t s in 1986/87 by Kusoffsky 

(1988) shows a m e d i a n r0 of 12.4 c m wi th 10% of all values above 25 cm. Moreover, a 

n u m b e r of t i m e sequences of granular evolut ion a n d na r row b a n d f i l tergrams of sub-arcsec 

resolut ion have been observed wi th solar telescopes in t he Cana ry Is lands ( B r a n d t et al. 

1988; Scharmer 1989a; T i t le et al. 1989; Sol tau 1989) thus proving the sui tabi l i ty for sub-

arcsec solar observat ions . P r o g r a m s t h a t pe rmi t short exposure observat ions (less t h a n 

Is) a re usual ly ge t t ing diffraction l imited images (~ \ arcsec). One believes t h a t the 

condi t ions at these sites m a y often be good for seeing be t t e r t h a n | arcsec. 

4 Image Sharpening Techniques 

4 . 1 R e d u c t i o n o f T e l e s c o p e S e e i n g 

Turbulence close t o t he telescope ape r tu re degrades the seeing. Meta l ic surfaces and other 

local surfaces hea t ed by the Sun will genera te t h e r m a l convection and tu rbu lence . A pro-

tu rb ing telescope in t he wind is a tu rbulence genera tor . T h e l a t t e r is largely e l iminated 

if t he air can flow smooth ly over t he s t ruc tu re such as for the domeless a n d ae rodynamic 
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towers of t he vacuum telescope of N S O / S a c Peak ( D u n n 1969), t he J apanese Hida tele-

scope (Nakai 1980), and the Swedish telescope a t La P a l m a (Wyller and Scharnier 1985, 

Scharmer 1989a) . T h e r m a l " t roub le spo t s " m a y be identified by the aid of an IR camera 

and be e l imina ted by means of whi te pa in t or cover. Cooling panels works well t o suppress 

local hea t ing (Nakai and H a t t o r i 1985, Pierce 1987). 

W i n d shake of exposed s t ruc tures of he l ios ta ts and coelosta ts often gives rise t o d is turb-

ing image mo t ions . A Hammerschlag-Zwaan. t ype windscreen has been m o u n t e d a round 

the hel ios ta t mi r ro r of t he M c M a t h solar telescope and t h e windshake has been reduced 

substant ia l ly a t m i n i m u m cost (Pierce 1989). 

Evacua t ing t he telescope light p a t h e l iminates in te rna l seeing. Most m o d e r n solar 

telescopes are therefore vacuum telescopes ( D u n n 1969, 1972; Mayfield et al. 1969; Zirin 

1969; Livingston et al. 1976; Nakai and H a t t o r i 1985; Wyller and Scharmer 1985; Sol tau 

1989). T h e m a j o r drawback of such sys tems is t h a t t h e r m a l a n d mechanica l stresses in 

the en t rance windows give rise t o opt ica l abe r ra t ion and po la r iza t ion ( D u n n 1984). T h e 

d iamete r / th i ckness r a t i o of a vacuum window is > 10, and vacuum telescope aper tu res are 

therefore in prac t ize l imi ted t o less t h a n l m . Notab le interest is invested in t h e possible 

use of he l ium gas in t he telescope light p a t h which m a y allow the use of a t h in ( l - 3 c m ) 

and larger d iamete r ( > l m ) en t rance window. T h e idea of filling a telescope wi th he l ium 

was first p u t forward by B . Lyot and J . Rösch (Rösch 1965) and la te r t es ted by filling the 

Ki t t Peak vacuum telescope wi th he l ium wi th promis ing resul t (Engvold et al. 1983). T h e 

advantages in using he l ium s t e m from its low refractive index, h igh t h e r m a l conduct iv i ty 

and relat ively high viscosity. Deta i led studies are present ly carr ied out for the L E S T 

project using a full scale mock-up steel t a n k of the telescope (Engvold et al. 1989). T h e 

mic ro the rma l fluctuations are quenched by filtering and circulat ing t he gas . 

4 . 2 C o r r e l a t i o n T r a c k e r s 

Image m o t i o n or iginates from ins t rumen t shake a n d guiding errors as well as from r a n d o m 

wavefront t i l t s averaged over t he telescope ape r tu re due t o a tmospher i c tu rbulence . Cor-

rect ion of wavefront t i l t increases the spa t ia l resolut ion by abou t a factor of two beyond 

the t i m e averaged value, and the use of image stabil izers become rewarding . 

In order t o compensa te for t he image j i t t e r caused by a tmospher i c seeing the sys tem 

m u s t b e r a t h e r fast having a b a n d w i d t h of ~ 10zHz. Th is requires a fast and necessarily 

smal l act ive element in t he opt ical p a t h (cf. von der Lühe 1988b). T h e error signal t h a t 

controls t h e act ive mi r ro r is derived from measu remen t s of the image mot ions via m e t h o d s 

of pattern recognitions. For all t rackers the t racking area mus t be < Ω 2 . 

P a t t e r n recognit ions can be based on calculat ion of cross covariance (cross correlat ion) 

function of two images: 

CC{x,y) = ΣηΣν f(x,y) * g{x + u, y + ν) (7) 

An a l te rna t ive approach is to calculate the absolute difference of the images ( K a r u d 1989). 

D(x,y) = Σ „ Σ υ I f(x,y) - g(x + u,y + v)\ (8) 

T h e CC(x,y) function gives weight t o each poin t in p ropo r t i on t o i ts br ightness , which 

can lead t o false, however small , image shifts. Low frequency in tens i ty var iat ions of the 
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images m u s t for this reason be removed before t h e cross correlat ion function is calculated. 

Only areas of non-uniform intensi ty ( intensi ty gradients ) conta in informat ion about 

image d isplacement . Pixels from uniform areas are "dead" in t e rms of regis ter ing image 

shifts. Therefore, b o t h a lgor i tms can be opt imized by mul t ip l ica t ion each cross p ro d u c t , or 

difference, wi th a weight factor w(x, y) given by the local in tensi ty con t ras t . Oskar von der 

Lühe a n d col labora tors (von der Lühe et al. 1989) have bui l t a sys tem for s tabi l iza t ion of 

image m o t i o n t h a t util izes t he cont ras t of photospher ic g ranu la t ion . T h e t racker calculates 

t he cross covariance function of a 16 X 16 pixel image by t ak ing the Fourier t ransform 

of the two images , mul t ip ly one by the complex conjugate of t he o ther , a n d t ake the 

inverse t ransform. This m e t h o d is computa t iona l ly expensive. T h e t racker developed 

by the Lockheed group to be used wi th the S O U P in s t rumen t and the OSL coordina ted 

i n s t rumen t package (Ti t le 1989) uses a fast and simple t h i rd scheme t h a t also utilizes the 

in tens i ty g rad ien ts , b u t which can be used for smal l shifts ( ~ 1 pixel wid th ) and conrasty 

images . Ano the r s imple approach has been developed for t he T H E M I S telescope using 

two crossed, one-dimensional resolving de tec tors . T h e error signal is derived from cross 

correlat ions of successive scans of these two detec tors . T h e sys tem is sensitive t o image 

mot ions perpendicu la r t o t he scanning direct ion of t he detectors and m a y thus loose t rack. 

Stabi l izat ion of image m o t i o n i±*iproves the overall image qual i ty (Strehl Ratio) by a 

factor of 2 and is therefore highly rewarding . 

T h e cross correlat ion technique is also successfully appl ied for measu remen t s of hori-

zonta l flows in the pho tosphere (November 1986; D a r v a n n 1988; B r a n d t et al. 1988; Simon 

et al. 1988) and in solar prominences (Darvann and Zirker 1989). 

4 . 3 A d a p t i v e O p t i c s 

Adap t ive Opt ics (AO) is t he technique in which the optics in a telescope are adjusted 

cont inuously wi th the a im of improving image qual i ty for b o t h short and long exposures. 

Adap t ive opt ics in this b r o a d definition corrects for telescope abe r ra t ions , t racking errors 

and dome seeing, as well as for a tmospher ic seeing outs ide the telescope dome (Beckers 

1987). T h e t e r m active optics is adop ted for relat ively slow ad jus tmen t s t o the telescope 

opt ics , a imed pr imar i ly a t t he correct ion of telescope abe r ra t ions . 

A n AO sys tem consists of (i) a Wavefront Sensor (WFS), (ii) a complex servo loop 

which applies t he error signal t o (iii) t he (Hi) Adaptive Mirror (AM). A concept of an AO 

sys tem is shown in F igure 2. A n u m b e r of recent pape r s have reviewed the techniques of 

adap t ive opt ics (Ti t le 1985; Beckers 1987, 1989a; D u n n 1987; H a r d y 1987; Merkle 1987). 

Only the AO sys tem of Lockheed has so far been in use in a solar telescope (Acton 

1988). T h e adap t ive mi r ro r of the sys tem consists of 19 hexagonal segments controlled 

by 57 piezoelectric driven ac tua to r s . T h e ac tua to r s have a t ravel of 5/xm, corresponding 

to ~ 10λ in the visible, when ope ra ted at 40 volts . T h e H a r t m a n type WFS opera tes on 

sunspots and pores . A separa te "agi le" flat mi r ro r in t he sys tem is used t o take out the 

overall wavefront t i l t before t he b e a m hi ts the adap t ive , segmented mi r ror . T h e Lockheed 

sys tem was r u n at t he Tower Vacuum Telescope of N S O / S a c r a m e n t o Peak in Ju ly 1988, 

a n d achieved occasionally near-diffraction l imited images dur ing average seeing condit ions. 

It will be ope ra t ed a t th is telescope dur ing the next 2-3 years . 

Any reasonable correct ion of t he wavefront will lead t o a point spread function con-
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sisting of an Airy disc superposed on a b r o a d " h a l o " (Section 2.2). Cur ren t runs and 

s imulat ions have shown t h a t t he res idual of l ight in t he " h a l o " is large when r0 is larger 

t h a n t h e mi r ro r segments of t he correct ing sys tem. 

LIGHT FROM THE 

Figure 2: Principle of the application of adaptive optics in an astronomical telescope 

(Merkle 1987). 

There is still a long way from the current successful demons t r a t i on of the Lockheed 

sys tem t o a general "user friendly" adap t ive opt ics sys tem for solar observat ions , bu t 

all fundamen ta l and m a j o r technical p roblems appea r t o be solved. Given appropr i a t e 

funding a rout ine-use AO sys tem will be available wi th in a few years . 

4.4 F r a m e S e l e c t i o n 

In t he cases of " b r o a d " b a n d ( Δ λ > 1 À) observat ions one m a y cont inuously m a k e short 

exposures and keep only the sharpes t ones. Under t he a s sumpt ion t h a t t he a tmospher ic 

tu rbu lence obeys t he Kolmogorov d is t r ibu t ion it is possible t o quantify t h e improvements 

in spa t ia l resolut ion from image selection. T h e degree of improvement is pa r t l y a function 

of the r a t i o D/r0. Table 1 from Hecquet and Coupinot (1985) gives the improvement over 

the long exposure by selection of the l isted percent i le of best images . 

F r o m the Table 1 one finds t h a t even a m o d e r a t e image selection will result in a no tab le 

improvement in image quality. Beckers (1989b) stresses t h a t the formula used for Table 1 

applies only when the exposure t i m e is short enough to "freeze" the seeing, and when D 

represents t he ape r tu re d iamete r corresponding to t he ac tua l resolut ion of the telescope. 

T h e reason one hard ly ever encounters a factor of four improvement in resolut ion from 

frame selection as predic ted by Table 1 is t h a t t he telescope resolut ion is usual ly less t h a n 

i ts theore t ica l l imi t . 
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Table 1 

D/r0 76%tile 10%tile l%tile 0.1%tile 

3 

5 

10 

20 

2.0 

1.9 

1.5 

1.3 

2.7 

3.1 

2.4 

1.9 

2.9 

3.6 

3.0 

2.3 

3.0 

4.0 

3.8 

3.0 

Values of r0 > 1 0 c m are no t u n c o m m o n at sites such as in the Cana ry Is lands . F rame 

selection has been successfully applied t o observat ions of photospher ic g ranu la t ion with 

t he 50 c m Swedish solar telescope (Scharmer 1989a) . This sys tem "freezes" one image 

every 0.02s and keeps t he best f rame for every 10s per iod , corresponding t o an image from 

the best 0.2 percent i le . Prov id ing ra ~ 1 5 cm one gets D/r0 ~ 3.3 and one expects t o find 

diffraction l imi ted images a l ready in the 1 percent i le . In t he case of future large telescopes 

like LEST (D=2A m) one would need D/r0 ~ 8 (r0 ~ 30cm at λ = 6 ,000Â) in order to 

have 0.10 arcsec resolut ion images in the 0.1 percent i le . At λ = 1.6/xm the same seeing 

will correspond to D/r0 ~ 2.5 and the diffraction h m i t e d images are in t he 10 percenti le . 

5 Instrument Development 

5 . 1 P o l a r i m e t e r s 

Accura te po l a r ime t ry is bes t achieved t h r o u g h electro opt ica l m o d u l a t i o n of t he light 

b e a m , thereby avoiding the use of moving p a r t s (which inevi tably p roduce noise) as well 

as ehmina t i ng any spurious polar iza t ion caused by seeing effects (since t he modu la t i on 

frequency can easily be m a d e m u c h larger t h a n t h e seeing frequencies). T h e mos t simple 

a n d s table m o d u l a t o r s w i th t he best opt ica l proper t ies are t h e piezo elastic ones ( P E M s ) , 

which give a sinusoidal m o d u l a t i o n of t he r e t a r d a t i o n a t a frequency of typical ly 50kHz 

( K e m p 1969; Stenflo 1984a,b) . 

In order t o overcome the m u c h slower f ram ra tes of mul t i channe l de tec tor a r rays like 

C C D ' s compared t o h igh frequency P E M ' s , one can in t roduce an opt ica l demodula t ion 

scheme in t he form of an electro opt ical "light chopper" in front of t he de tec tor , locked in 

frequency a n d phase t o the po la r iza t ion m o d u l a t i o n (Stenflo and Povel 1985a,b) . Al though 

this opt ica l demodu la t ion scheme provides a solut ion to the Ρ E M - C C D compat ibi l i ty 

p rob lem, it is r a t h e r complex and cumbersome to use. A far more elegant solut ion has been 

found and is under development by Povel and Stenflo (pr ivate communica t ion ) . W i t h this 

m e t h o d the demodu la t ion is done wi th in the C C D itself, by shifting a round the charges 

in synchrony wi th the polar iza t ion modu la t i on . Only cer ta in types of C C D s allow the 

charges t o shifted a t t he r a t e s required (50 - 100 kHz) , and the charges are only shifted 

by one co lumn in t he de tec tor a r ray a t such r a t e s . I t is therefore necessary t o inter lace 

t he exposed and unexposed (s torage) a reas , by optical ly blocking the light t o every second 

of t h e a r ray co lumns , which are used for buffer s torage t o allow a second image p lane t o 

exist . This is i l lus t ra ted in F igure 3. T h e charges in t he C C D are shifted back and forth 

be tween t h e odd and even columns in synchrony wi th t he P E M m o d u l a t i o n . 
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A p r o t o t y p e of t he L E S T po la r ime t ry sys tem, including the opt ica l m o d u l a t i o n package 

with two P E M s (which will sit in t he L E S T secondary focus) and the C C D demodu la t ion 

scheme (based on synchronous shifting of t he charges in t he C C D ) is be ing developed for 

LEST in Zurich a n d will be tes ted out in a comple te observing sys tem a t t he Astrophysical 

Observatory Arosa . 

T w o new Polar imeter sys tems are present ly under development in the USA, one at 

the High Al t i t ude Observatory (HAO) in Boulder , and t h e o ther a t t he In s t i t u t e for 

As t ronomy, Universi ty of Hawaii (UH) . In b o t h sys tems t h e po la r iza t ion m o d u l a t i o n is 

performed by the mechanica l r o t a t i o n of a r e t a r d a t i o n p la t e (Lites 1987b) . B o t h systems 

also use C C D arrays for 2-D imaging . T h e images of t he four Stokes p a r a m e t e r s are 

formed t h r o u g h l inear combina t ion of consequtive images r ead out a t different posi t ion 

angle se t t ing of t he r o t a t i n g re t a rde r . 

T h e H A O sys tem, called the Advanced Stokes Polarimeter, will b e set u p a t t he NSO 

Tower Vacuum Telescope at Sac ramento Peak . It will use a spec t romete r wi th modera te ly 

high spec t ra l and 1-D spat ia l resolut ion, emphasiz ing high-qual i ty line profile informat ions 

for quan t i t a t ive f luxtube analyzis and Stokes inversion techniques . 

T h e U H sys tem on the o ther h a n d , called the Imaging Vector Magnetograph, uses 

a t u n a b l e na r row-band filter, thereby sacrifying spect ra l informat ions t o ob ta in fast 2-D 

spa t ia l imaging of t he Stokes p a r a m e t e r s , wi th the a im of re la t ing t he changing morphology 

and vector magne t i c fields t o solar flares. 

5.2 N a r r o w b a n d F i l t er s a n d S p e c t r o g r a p h s 

A Universal Biréfringent Filter (UBF) in t a n d e m wi th a Fabry-Perot in terferometer is 

be ing developed for 2-D spectroscopy by Bonaccini et al. (1989) . T h e filter combina t ion 

*- COLUMNS c o v i n 

Figure 3: Schematics of the 

synchronous shift of charges 

of the CCD detector array 

of the ΕΤΗ Polarimeter. 
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can be ope ra t ed in the range λλ4,000-7,ΟΟθΑ wi th a spec t ra l b a n d w i d t h of ~20mA. T h e 

ne t peak t ransmiss ion is 4% - 12%, a n d the posi t ioning accuracy is 1mA. A Triple-Fabry-

Perot Universal Filter is instal led and tes ted on the 30 c m refractor of t he CSIRO Solar 

Observa tory (Bray 1988). Various opt ions of mul t i channe l universal n i ters are considered 

by Ai and Hu (1985) and col labora tors . 

A versat i le Echelle g ra t ing spec t rograph is being designed and p lanned for T H E M I S 

and L E S T (Mein 1989). T h e design includes the use of one large mi r ro r ion Ebert-Fastie 

m o u n t i n g ins tead of the m o r e commonly used two midle-sized col l imator and camera 

mi r ro r s . 

6 N e w Telescope Facilities in the Canary Islands 

6.1 T h e G e r m a n Solar T e l e s c o p e Faci l i t ies at I z a n a 

T h e G e r m a n solar telescope ins ta l la t ions a t Observator io del Teide, Izana , consist of the 

70 cm f /66 Vacuum Tower Telescope ( V T T ) of Kiepenheuer - Ins t i tu t , Fre iburg, the 45 

cm f/56 Gregory-Coudé of Gö t t ingen Observatory, Gö t t ingen , and the smaller German-

Spanish 40 cm Newton telescope (Schröter et al. 1985). 

T h e V T T has a classic coelostat configuration a n d a vert ical tower telescope (Mehl t re t -

ter 1975). T h e vacuum window is loca ted u n d e r n e a t h t h e coelostat a n d the window cell 

has provisions for cooling. T h e dome is a removable j aw- type similar t o t he dome of the 

60 cm v acuum telescope of N S O / K i t t Peak (Livingston et al. 1976). T h e telescope h a d 

"first h g h t " in 1987, and the telescope has occasionally approached diffraction l imited 

per formance dur ing 1988 (Sol tau 1989). T h e V T T will be equipped wi th a Mul t ichan-

nel Sub t r ac t ion Double Pass spec t rograph of M e u d o n (Mein 1977) for 2-D spectroscopic 

s tudies . Also t he I t a l i an s table U B F will be instal led in th is telescope. 

T h e Gregory-Coudé telescope was moved from the former G e r m a n s t a t ion a t Locarno 

a n d has been in opera t ion a t I zana since Ju ly 1986 (Kneer a n d Wiehr 1989). T h e spec-

t r o g r a p h is a Czerny-Turner t ype wi th coll imator a n d c a m e r a mi r ro r focal lenghts 10 m . 

A sys t em for speckle imaging is being p repared . 

T h e spectroscopic s tudies of the Gö t t ingen group are focused on smal l scale dynamic 

of quiescent a n d act ive regions, sunspots a n d prominences . 

6.2 T h e S w e d i s h Solar S t a t i o n in La P a l m a 

6.2.1 Instrumentation 

T h e Swedish solar telescope at Roque de los Muchachos , La P a l m a (Scharmer et al. 1986) 

is p a t t e r n e d after t he vacuum tower telescope of N S O / S a c Peak ( D u n n 1964, 1985). The 

combina t ion of an optical ly simple and good sys tem, and a superb site has m a d e this 

telescope one of t he very best in the World for h igh resolut ion studies of the Sun. 

T h e domeless t u r r e t design is very compac t a n d i ts ae rodynamic shape gives a m i n i m u m 

of local d i s tu rbance and eHminates dome seeing completely. F u r t h e r m o r e , t he mir rors 

are loca ted inside vacuum thus eHminat ing convection near hea t ed surfaces. T h e 50 cm 

doublet achromat ic lens t h a t serves as vacuum window t o t h e telescope. T h e lens is m a d e 

from B K 7 and F 2 glasses, and the focal l eng th is 22.35 m . T h e lens cell is designed to 
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avoid any hea t ing of the lens by the cell. T h e r m a l gradients usual ly appears in vacuum 

windows due t o local hea t ing which lead t o focus changes in the telescope and to spherical 

aber ra t ion ( D u n n 1972; Meh l t r e t t e r 1979). Opt ica l tes ts have shown t h a t the Swedish 

telescope has vi r tual ly diffraction l imi ted performance (Scharmer 1989a) . 

T h e rea l - t ime image acquisi t ion and selection sys tem is a valuable asset of the obser-

vatory. A n i m p o r t a n t p rope r ty of the sys tem is t h a t it allows for s imul taneous recordings 

with two synchronized C C D cameras . T h e two images , which can be a spec t rum and i ts 

corresponding slit-jaw p ic ture or images a t two different wavelengths , "freeze" the a t m o -

spheric seeing mo t ion (exposure t imes l / 3 0 s or l / 6 0 s ) and provide unambiguous identifi-

cations of corresponding s t ruc tu res . T h e rea l - t ime image selector " g r a b s " and stores only 

the best images in a selectable t ime interval which is commonly set t o be 10s. T h e sys tem 

has been ope ra t ed successfully t o ob ta in ex tended t i m e series of photospher ic g ranula t ion 

( S charmer 1989a). I t is expected to work for chromospher ic s t ruc tures and dark filaments 

as well. 

6 .2 .2 R e c e n t R e s u l t s 

The best t i m e sequence of photospher ic g ranu la t ion t h a t has been analyzed so far covers 

79 minu te s and was ob ta ined J u n e 16, 1987 (Brand t et al. 1988). T h e spa t ia l resolut ion 

was « I arcsec over 18 arcsec frame size. Local flow velocities were found on the average 

to be abou t 1.6 km s - 1 . These speeds were larger t h a n similar d a t a recorded earlier wi th 

lower spa t ia l resolut ion (Ti t le et al. 1989). T h e mos t spectacular discovery of this s tudy 

was t h a t of a vor tex of 5,000 k m in d iamete r and which pers is ted for the du ra t ion of the 

sequence. Similar recent s tudies by Müller (1989b) did not find vor tex s t ruc tu res . 

Figure 4·' Image of large sunspot observed 

July 26, 1988, with the Swedish vacuum 

solar telescope at La Palma, Canary Is-

lands. The observations were made through 

a 25 Â wide filter centred on 4686Â. The 

spatial resolution is about \ arcsec. The 

image scale is 18 χ 25 arcsec2. (Courtesy 

G.B. Scharmer) 

A new t ime series of a m e d i u m size sunspot reveals a s tunn ing weal th of dynamic 

s t ruc tu res (Scharmer 1989b). F igure 4 shows a 18 χ 25 arcsec2 view of the p e n u m b r a 

a n d near by pho tosphere from this t ime series. A s tudy of D a r v a n n and Kusoffsky (1989) 

using a 19 minu te s long series of photosper ic g ranu la t ion found t h a t g ranu la t ion lifetimes 

decreased from abou t 12 minu tes close t o t he sunspot pore region to 5 minu te s away from 

the pore . 
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7 Near Future Solar Telescope Projects 

7.1 T H E M I S 

T h e French polarizat ion-free solar telescope "Télescope Héliographique pour l'Etude du 

Magnetism et des Instabilités Solaires" - (THEMIS) will be bui l t a t Izana , on t he island 

of Tenerife, C a n a r y Is lands . T h e site is being p repa red for cons t ruc t ion of the T H E M I S 

bui lding, and the first light in t he i n s t rumen t is expected in 1991. 

T h e po in t ing Ri tchey-Chre t ien telescope sys tem of 90 cm ape r tu re will be evacuated 

a n d sealed by two windows (Mein and Rayrole 1985, 1988). T h e p r ime focus (f /17) is the 

loca t ion of t he po la r iza t ion m o d u l a t o r . A high precision correlat ion t racker and a " t ip - t i l t " 

(act ive) mi r ro r be tween the p r ime and secondary foci will be used to stabil ize the residual 

j i t t e r of t h e solar image from seeing a n d telescope v ib ra t ions . T h e m a i n i n s t r u m e n t , t he 

Mul t i channe l Subt rac t ive Double Pass ( M S D P ) Echelle spec t rograph (Mein 1977, Mein 

and Rayrole 1988) is m o u n t e d beh ind the secondary focus ( f /60) . 

, BEARING 

) LEST FOCUS, F3 

Figure 5: Vertical cross section of the top part of the LEST (Andersen et al. 1985). 

7.2 Large E a r t h - b a s e d Solar T e l e s c o p e - L E S T 

L E S T is t he mos t ambi t ious g round based solar telescope p r o g r a m today. T h e current 

design is shown in F igure 5 (Andersen et al. 1984). T h e L E S T ape r tu r e is 2.4 m and the 

diffraction l imit of t he modified Gregor ian sys tem is 0.05 arcsec a t A5,000 A. Evacua t ion 

becomes imprac t i ca l for such a large telescope since it will require a r a t h e r thick en t rance 
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window. It is ins tead suggested t o fill t he in te rna l l ight p a t h wi th he l ium gas a t near ly 

ambien t air pressure t o m a k e possible t o use a t h i n en t rance window. 

T h e L E S T will be placed ei ther on La Palma, Cana ry Is lands (2 360 m a.s.l.) or on 

the cinder cone Pu'u PolVahu a t M a u n a Kea , Hawaii (4 150 m a.s. l .) . Besides uti l izing a 

very good site for day t ime observat ions L E S T will seek t o achieve near diffraction l imited 

resolut ion wi th in a smal l field of view by means of image sharpening techniques men t ioned 

above. 

T h e mul t i -na t iona l , non-profit o rganiza t ion beh ind the pro jec t , t he L E S T Founda t ion , 

present ly counts 10 m e m b e r countries (Stenflo 1985; Wyller 1986). T h e cons t ruc t ion of 

L E S T could s t a r t in 1992 and t h e telescope m a y be ready for first light in 1995. 

7.3 S o l a r M i s s i o n s i n S p a c e 

T h e Solar and Heliospheric Observatory - SOHO is a space miss ion for s tudies of the solar 

interior and the outer solar a tmosphere . T h e pay load shall include six i n s t rumen t s for 

s tudies of s t ruc tures a n d dynamics of t he Sun 's chromosphere and corona (Domingo and 

Po l and 1989). 

T w o of t he SOHO i n s t r u m e n t s , Solar Ultraviolet Emitted Radiation ( S U M E R ) and 

Coronal Diagnostic Spectrometer ( C D S ) , will b o t h bui ld u p 2-D images in t he order of 

seconds by scanning thei r spectroscopic slits across t he solar disk wi th ~ 2 arcsec resolu-

t ion. A th i rd i n s t r u m e n t , t he Extreme-ultraviolet Imaging Telescope ( E I T ) provides high 

resolut ion images of t he whole Sun at several t e m p e r a t u r e s . Te lemet ry of the d a t a will 

take place via NASA's Deep-Space Network dur ing four des ignated per iods per day. 

SOHO is current ly scheduled for launch in Ju ly 1995 and is be ing designed for a lifetime 

of two years , b u t it will be equipped wi th sufficient on b o a r d consumables for an ex t r a 

four years . 

T h e Orbiting Solar Laboratory (OSL) of NASA is a scaled down version of the for-

mer Solar Opt ica l Telescope ( S O T ) and the High Resolut ion Solar Observa tory ( H R S O ) . 

OSL will be a free flying, po lar orbi t ing in s t rumen t for h igh spa t ia l a n d t e m p o r a l reso-

lu t ion of the Sun over a spect ra l r ange from the X-ray t o t he n e a r IR (Ti t le 1989). T h e 

OSL satel l i te will h a r b o u r a l m ape r tu re telescope opt imized for λλ2,000-11,000 Â, which 

feeds a na r row-band filter, a set of fixed b r o a d - b a n d filters, a n d a visible light Echelle 

spec t rograph .These three i n s t rumen t s are m o u n t e d toge ther in a c o m m o n s t ruc tu re ; the 

Coordinated Instrument Package (CIP). T h e CIP will have 0.13 arcsec resolut ion over 

a 3.9 a rcmin field-of-view. A n ul t raviolet spec t rograph and an X U V / X - r a y imager are 

p lanned co-pointing and co-aligned in s t rumen t s with overlapping fields of view. T h e lat-

ter is p robab ly an ar ray of n o r m a l incidence telescopes with mu l t i layer coat ings . T h e UV 

in s t rumen t will be Naval Research Labora to ry ' s High Resolution Telescope and Spectro-

graph (HRTS), which covers t he wavelength range λλ ΐ ,175-1 ,700Â t h a t contains numerous 

br ight emission lines for s tudies of the chromosphere and chromosphere-corona t rans i t ion 

region. T h e spa t ia l resolut ion of HRTS is ~ 1 arcsec. T h e p lanned launch da tes of OSL 

are 1995-96, and the design lifetime will be 3 years even t h o u g h it is reasonable to expect 

t h a t a full scale opera t ion could be technically possible for 8 - 10 years . 

T h e HRTS ins t rumen t will also be flown on rockets dur ing the next few years , pre-

sumab ly as often as abou t one per year. 
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8 Prospects for High Resolution Observations of the Sun 

New opt ica l telescopes in space (SOHO and possibly OSL) and ground-based ( the G e r m a n 

a n d Swedish ins ta l la t ions in t he Cana ry Is lands , and the future T H E M I S and L E S T ) chal-
lenge exist ing high resolut ion solar telescopes like Pic-du-Midi (Müller 1989), N S O / S a c 

Peak ( D u n n 1969), Big Bear Solar Observatory (Zirin 1969), and Hidaftfakai and Hat-
tor i 1985). T h e advance of techniques for h igh resolut ion imaging a n d the u t i l iza t ion of 

excellent sites for day t ime seeing will m a k e angular resolut ion beyond 0.2 arcsec in solar 
observat ions wi th in reach in a few years . 
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