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pera tu re gradients . And when one invest igates the ou tward increase in tem­
pe ra tu re accompanying such a process, he finds there exist very definite regions 
of s table radiat ive dissipation, together with essentially « jumps » in tem­
pera tu re , corresponding to rad ia t ive instabi l i ty . Thus, one m u s t couple t o this 
problem posed by L iepmann a solution of the radia t ive transfer equat ion , 
indeed t he solution under a non- thermodynamic-equi l ibr ium kind of si tuation. 
This stresses again the poin t I t h ink is the most impor t an t , in discussion of 
aerodynamical problems in astrophysics . Essential ly, l abora tory aerodynamics 
deals wi th mechanial transfer p rob lems; t he astrophysics of s ta t ic s tars , wi th 
rad ia t ive transfer problems. W h e n one t rea ts aerodynamic mot ions in an 
astrophysical environment , he m u s t combine t he radia t ive a n d mass t ransfer 
problems, and the coupling introduces m a n y problems outside the experience 
of bo th aerodynamicist and astrophysicist . Our greatest need is to develop 
some sort of feel for this new range of problems, so t h a t we are no t too quick 
to simply t ake over a solution from aerodynamics to an astrophysical s i tuat ion. 

I n this last sense, there falls ve ry close to the r andom noise problem ano ther 
class of problems, jus t touched on briefly, t h a t of t h e ejection of mater ia l in to 
t he stellar atmospheres in «jets ». The spicules form one example ; possibly 
some of the erupt ive prominences form another . The problem has ha rd ly 
been ment ioned in the symposium, so should not be dwelt on a t length. I would 
only ment ion it as a possibly simple example of a place to s tudy t he coupling 
between radiat ion and velocity field jus t mentioned, from stabil i ty consider­
at ions. One might look in to the problem of a supersonic je t , where ambien t 
conditions correspond to high enough energy t h a t radia t ive loss becomes a 
significant problem during the compression phase of the jet motion. This 
might provide a place to develop some kind of physical feeling for t he dif­
ference between the wholly aerodynamic t r ea tmen t of a well-known problem, 
a n d t he astrophysical per tu rba t ion . 

Thus , to me, in maybe an oversimplified way, two kinds of problems 
s tand out . Fi rs t , how to ex tend the range of astrophysical information t h a t 
m a y either inspire or check an aerodynamic theoretical approach—and here 
we deal wi th the subject of sophist icated interpreta t ion of line profiles. Second, 
how to develop our feeling for t he change in aerodynamic solution coming 
from the introduct ion of a significant radia t ive energy loss — or the methodology 
of s tudying coupling between velocity a n d radiat ion fields. 

— E . L U S T : 

I feel somewhat in the s i tuat ion t h a t I have a t t ended a very nice p a r t y 
in t he evening, then I a m sent a guest book and have to wri te in something 
very nice. B u t already some people before me have done the same. Of course, 
this summary will be a very subjective one, since probably everybody likes 
to pick the points in which he was most interested. 

oo 
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I th ink i t was really qui te good for this present meet ing t h a t the magnet ic-
hydrodynamic phenomena were no t b rought in to t he discussion too m u c h , 
since I th ink this is still t he field where our knowledge is highly limited. B u t 
on the other side. I t h ink the groundwork is laid for the direction of co-operation 
between the aerodynamicis ts and astronomers t h a t really already exists in 
other t h a n in this field. W e m a y hope t h a t in t he near future we can enlarge 
i t quite a bi t . Then 1 would like to remark on the problem of the corona. Since 
now in t he laboratories we have a good possibility to s imulate the main features 
of the corona; for instance, radiat ion process and things like this, I t h ink 
t h a t i t is really necessary t h a t we p u t specific questions to the exper imental 
physicists. 

I would like jus t to summarize a few points t h a t I t h ink we have m a d e 
some progress on. The first one was already men t ioned—I th ink this was t h e 
mass-loss problem or t he out-flow problem from stars. I do not refer to t h e 
sun, b u t to the s tars in general ; here new observational da t a have been presented 
by D E U T S C H on M giants — we can see there t h a t circumstellar envelopes 
imply large outflow in the outward direction. On the other side, there a re 
certainly quite a number of other stars where one knows tha>t a mass flow is 
occurring, b u t these stars h a d not been really discussed in great detail in th i s 
meeting. For instance, I would jus t like t o ment ion the B stars , which played 
a large role in tne Cambridge meet ing in Eng land ; for instance, expansion of 
t he H I I regions and things like this which are certainly connected to t h e 
mass-loss, b u t this point has not been discussed here. I th ink it was already 
ment ioned by L iepmann t h a t after some discussions there was some kind 
of agreement t h a t there is now a t least a first approximat ion to a good hydro­
dynamical model ; namely, t h a t we can describe the outflow b y the hydrodynam­
ical outflow in gravi ta t ional fields, and this is a very essential contr ibution 
from the aerodynamicist . 

I would emphasize two aspect. Namely, first, t h a t shock-waves migh t 
be really impor t an t for describing or fixing the boundary problems. I t h i n k 
this was the first heavy discussion between D E U T S C H and P A R K E R — what are 
t he r ight boundary conditions? Solutions did come from t h e aerodynamicists,. 
t h a t we have to t ake in to account eventual ly the shock-waves. And the second 
point was the very clear presenta t ion of this picture by G E R M A I N , who pointed o u t 
t h a t we have jus t a one-parameter family of solutions, no t a 2 -pa ramete r family. 

The nex t impor t an t point in connection with the mass-loss problem, and. 
I thjnk this was also a s tep forward, t h a t we could reach some k ind of agreement 
in t he solar wind p ic tu re ; namely , t h a t for the sun we should have hydrodynamic 
Outflow, and t h a t this should give us t he so-called solar wind or the corpuscular 
s t ream in the solar neighborhood. If one compares t he s i tuat ion with t e n 
years ago, there jus t t he opposite assumption h a d been m a d e for all these 
kinds of problems; t h a t we have inflow. Really the same equations h a v e 
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been nsed, as M C C R E A pointed o u t ; b u t now I th ink we have more and more 
evidence t h a t we have really an outflow. There were really two points — first, 
t h a t we got this description, and t hen t h a t we could reach an agreement on 
t h e unders tanding of wha t should be the densi ty for this solar wind in the 
neighborhood of the ear th ' s orbit . On the la t ter , the evidence came from three 
points . F i rs t , for the first t ime there were some indications from the satellite 
observat ions on the density in the solar wind. Then secondly, from the comet 
observat ions. Third, from the geomagnet ic observations in t he polar regions 
of the ear th . These three kinds of evidence point to a densi ty somewhat smaller 
t h a n 1 0 3 particles per cm 3 . The average velocity for the undis turbed wind is 
a b o u t 500 km/s . B u t the i m p o r t a n t question which has been raised in this 
connection — and I th ink it is also t rue for the other s tars , especially not ing 
t he observations by D E U T S C H for t he M giants — is w h a t really is the region 
a round the star which is one way or another more or less still connected to the 
s tar? How far does this region go into the interstellar space? Fo r this question 
i t is impor t an t to see how one m a y have to place the shock-wave, if one is just 
t r ea t ing the problem on a wholly hydrodynamica l basis. For this some figures 
have been given, depending on the pressure in the interstel lar space. B u t I 
wonder if we would get in this way the right answer, since probably some other 
k ind of boundary conditions might be even more i m p o r t a n t ; and also since 
these ext imates which have been presented here have been based on a s teady 
s t ream of outflow of corpuscles leaving the sun or the other s tars . Especially, 
I would th ink for the sun it might be really impor tan t to discuss the feature 
of steadiness, even while tak ing into account the magnet ic field. 

Also I should mention one other point which has been discussed already 
by L I E P M A N N . I n the problem of outflow, a point which has hot been really 
discussed is the rotat ion of s tars , which might play an impor t an t role, and 
in this connection also the magnet ic fields of the s tar itself. P A R K E R touched 
this point very shortly. I t did not come into the discussion, wha t the best 
pic ture would be if the magnet ic field would be really carried away to a large 
dis tance and twisted. Should one see it a t a large distance — for instance, 
in t he ear th ' s orbit , or not? This would raise t he possibility t h a t t he outflow 
s ta r t s a t larger distances t h a n have been discussed unt i l now. These kinds of 
problems have not been discussed, a n d I th ink one should keep t h e m in mind, 
One should note t h a t a l ready some observations on the in te rp lane ta ry field 
have been mentioned, and t h e s i tua t ion seems to be very difficult if one compares 
these first observations with the theoret ical picture which he might expect 
for a solar wind. However, it is probably too early to really draw definite 
conclusions. 

Now this brings us to the question, wha t is really the energy source for 
this solar wind. W h a t is the t empera tu re in the outer region of the star. 
Especial ly for the sun, wha t is the t empera tu re in the solar corona? We heard 
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yesterday t h a t there is disagreement between t h e electron tempera ture a n d 
t h e ion t empera tu re . Un t i l now i t is no t clear if there really is a difference i n 
t he electron t empera tu re compared to the ion t empera tu re — this would be 
one possibility, as has been ment ioned by S E A T O N ; b u t I th ink this question 
really depends ve ry much on the exact computa t ion of t h e relaxat ion t ime. 
The second possibility would be t h a t there would be large motions in the corona. 
Final ly i t was ment ibned t h a t m a y b e they have no t used t empera tu re a t all , 
a n d this then leads us direct ly again to t he solar wind or t he outflow of ma t t e r . 
Now I th ink it was clear from the picture of the hydrodynamica l outflow t h a t 
one needs qui te high t empera tu res in this outer solar region to get such a n 
extremely high outflow, and therefore the question has been raised, where 
is really the source responsible for heat ing up this outer region? There t h e 
idea is t h a t this migh t be t he hydrogen convection zone, and we have discussed 
several possibilities for hea t ing up the chromosphere and the corona. Here 
I would like also to ment ion, as has been pointed out by Mrs. B O H M - V I T E N S E , 

t h a t we cannot expect in every s tar a hydrogen convection zone. For other 
stars — for B stars on the Main Sequence — one should no t expect to have a 
hydrogen convection zone — only a very shallow one for the giants and super­
giants . B u t on t he other side, from the observational evidence, we got the 
impression t h a t these ho t stars , expecially giants and super-giants, exhibi t 
higher velocities, and therefore t he question is in which way ^ve can explain 
this k ind of high velocities in these kinds of stars. There I t h ink no reasonable 
answer has been ye t found. I t was ment ioned t h a t the ro ta t ion in these kinds 
of stars m a y be responsible for this k ind of th ing , b u t I th ink it is too ear ly 
in the th inking to be sure. 

Now going down in to t he solar hydrogen convection zone, it was explained 
t h a t wha t t he as t ronomers are doing is completely wrong and one cannot 
t rus t it a t all — especially in using the mixing-length theory. B u t I t h ink 
we did reach some kind of agreement , t h a t the theory was not so bad, to a 
factor 2-f-5. If one does no t worry about a factor like this , then this kind of 
mixing-length theory is p robably good enough. Of course, i t was recognized 
t h a t some work has been done to improve these theories on the hydrogen 
convection zone b y really looking into the more detailed problem — discussing 
and t rea t ing t h e s tabi l i ty problem — this has been done by the Pr ince ton 
group and b y B O H M . There we learned also one other i m p o r t a n t th ing from 
the studies on t he hydrogen convection zone, and this is t h a t one m a y expect 
t h a t the t empera tu re fluctuations are not correlated over t he whole wave-
number scale; t h a t there migh t be a correlation only for a small wave-number 
scale, b u t no t for t h e larger wave numbers . So this might p lay a role for t he 
in te rpre ta t ion of observat ions. This brings m e now to t h e observat ions; where 
we really learned qui te a n u m b e r of new details, expecially due to the improve­
m e n t in space resolution, from the balloon pictures, and from the pictures 
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b y L E I G H T O N . May I jus t ment ion one number which looked to me somewhat 
new in these observations, a n d this is t h e lifetime of t he granules. I t is somewhat 
larger now, due to t he new observat ions, t h a n one has assumed earlier from 
t h e old observations. Also t h e question had been raised if one could really 
speak of a well-defined lifetime for t he granules a t all. 

Then further, I would like to ment ion one addi t ional point which was 
completely new, observations b y L E I G H T O N t h a t one has some kind of oscil­
la t ions in the velocity fields with period of about 5 minutes . In te rp re ted cor­
rect ly , this might be of impor tance . This brings me back to one point which 
has been ment ioned already by L I E P M A N N , when he spoke about the cepheids 
a n d the mechanism of the cepheids. H e ment ioned t h a t probably the mecha­
nism for the cepheids is such t h a t posit ive and negative damping jus t cancelled, 
a n d he ment ioned also the possibility t h a t one has r andom kinds of excitat ion. 
I t migh t be t h a t this is t he mechanism responsible for this k ind of oscillation, 
since we have this r andom noise a t t he top of the hydrogen convection zone, 
a n d the observed period for this oscillation is very near to the frequency of 
the solar atmosphere. 

Now I do not want to say too much about the active sun. This field has 
been touched only jus t a t the beginning, and due to new observations on the 
magnet ic fields, we have now a be t t e r detailed picture of the magnet ic field. 
F o r these larger regions, the magnet ic field strength is on t he order of 50 gauss, 
and no t as one could see i t one t he Babcock diagrams, only of one gauss. This 
refers to the calcium regions. Also, we had some discussions on the motions 
within sunspots. Here it was good to learn t h a t apparent ly the observations 
are becoming bet ter and bet ter , so t h a t probably in the nex t few years there 
migh t be some hope to decide this question, if the mot ion is really along the 
field or if there is some discrepancy, as there would be with some kind of motion 
across the field. 

I would like to mention very short ly the problem on the collision-free shock-
waves. I think this problem really only a t this stage permits comment 
from two sides. Namely, t h a t one has to do exper iments and also has 
t o t ry to get a real theory. B u t I th ink t h a t also for the sun this k ind of problem 
is really of importance. 

Final ly, in discussing the problem of generat ing waves by the hydrogen 
convection zone—we discussed jus t the propagat ion of these waves, b u t we 
did no t really discuss in too much detai l the dissipation phenomena in the 
solar a tmosphere . I th ink this is still an impor tan t problem, where much 
work has been done, since probably t he kind of dissipation mechanism which 
has been discussed unt i l now has been jus t dissipation by shock-waves, and 
also some dissipation by ambi-polar diffusion. The possibilities of dissipation 
mechanism will be probably much larger if one is really s tudying the plasma 
in more detail . Since we know al ready from experiments t h a t we have m a n y 
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more instabilities t h a n we first t hough t of—the plasma always behaves more 
or less u n s t a b l y — I would th ink t h a t this k ind of phenomena , which one is 
j u s t a t the beginning of unders tanding , might h a v e played qui te an essential 
role in unders tand ing phenomena on t h e act ive sun. Also, there the point 
which was ment ioned b y P E T S C H E K — t h e question of conduct ivi ty , a reduction 
of conduct ivi ty migh t be really quite impor tan t . Unt i l now I th ink we have 
a lways been simplifying t h e problem to the ex t reme, b y assuming infinite 
conduct iv i ty , and I believe it is fair to say t h a t probably all t he problems on 
t h e active sun—especially flares and other th ings—can only really be under­
s tood if one takes in to account finite conduct iv i ty and tries no t to make this 
v e r y simple assumpt ion of infinite conduct ivi ty . B u t if one then really wants 
t o take in to account finite conduct ivi ty , I th ink i t is really essential to under­
s t a n d wha t is the mechanism for the conduct ivi ty, and wha t is the value for 
t h e conductivi ty, which one should t ake in to account. 

Discussion: 

— A. U N D E R H I L L : 

T H O M A S has noted t h a t a t this conference l i t t le discussion has centered 
a round information abou t velocities t h a t m a y be determined from line-profiles. 
This is clearly because of the difficulties of separat ing t he t rue physical infor­
mat ion from the assumptions involved in the in terpre ta t ive processes. Thus, 
I th ink astrophysicists m u s t cont inue to examine the unfolding processes b y 
which they derive information. They mus t develop methods which determine 
t h e physical results in a m a n n e r in which we m a y have confidence. As a result 
of this conference I feel t h a t we m a y be able to make some progress in this 
difficult field. Fo r some t ime , no t too much work has been going on in this 
field, perhaps because people did not realize its necessity. Fur the rmore , I 
believe t h a t if now a t this very moment we i te ra ted the conference, and s tar ted 
again, t h a t a be t t e r appreciat ion of the meaning of the results presented, par­
t icularly the observat ional results which were presented in the first few days, 
would result. 

— A . J . D E U T S C H : 

I should like to say t h a t as soon as I get back to Pasadena I feel inspired 
t o press forward a p rogram of observing the outer envelopes of stars. Lar­
gely as a result of our deliberat ions here over t he pas t week, I feel t h a t , wi th 
t h e collaboration of t he aerodynamicis ts , t he t ime is now r ight for us to inves­
t iga te those appendages of t he stars t h a t mus t be analogous to t h e solar chromo­
sphere and the solar corona. These heretofore have received very li t t le a t ten­
t ion. There have, of course, been good reasons for th i s ; these objects are no t 
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