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is very impor tan t to as t rophysics , a n d it does no t ye t enter heavily in t he 
labora tory exper iment of aerodynamicis ts . W h e n we int roduce a radiat ion 
field in to the equat ion of aerodynamics , we get into t rouble with the equations 
because they become incredib ly complicated. W e have tr ied once or twice 
a linearized approach to t he mot ions , including the radiat ion field and even 
then things are horribly complicated. 

Closing remarks to the meeting by M. Minnaert. 

I should like to p r e s e n t a few general impressions from this interest ing 
meet ing of scientists w o r k i n g in two different fields. I t has often been noticed 
t h a t progress in science is m a d e jus t on such meet ing points , and I th ink this 
specially applies to a s t r o n o m y in combinat ion with other sciences. As t ronomy 
in the last 50 years passed successively through the age of optics, then of 
a tomic physics, then of nuc lear physics, and now again of aerodynamics and 
electro-magnetism. At first sight I get the impression t h a t the contr ibut ion 
of aerodynamics to the deve lopmen t of astrophysics has been less spectacular, 
less sudden perhaps t h a n t h e progress m a d e a t t he m o m e n t when Bohr ' s a tomic 
theory was discovered a n d applied b y S A H A to stellar a tmospheres ; or a t t he 
m o m e n t when principles of nuclear physics were discovered, and fusion pro­
cesses were found to be t h e main source of energy in cosmical bodies and the 
source of evolution. B u t this migh t well be a perspective effect. I n the t ime 
when you are living, y o u always have the impression t h a t things are going 
slowly; and when you a re looking back, then you see t h a t really in t h a t period 
in a short t ime a considerable progress was achieved. 

Such concepts as convec t ion , shock-waves, magne tohydrodynamic waves 
are so fundamenta l now in astrophysics t h a t we could no t miss t hem. They 
are pa r t of our vocabu la ry , they play such an impor t an t role t h a t looking 
backwards , perhaps in 10 or 20 years , we may also have the impression t h a t 
this was really considerable progress in a short t ime. 

I t is clear a priori t h a t t h e contr ibut ion of aerodynamics to as t ronomy 
mus t be very i m p o r t a n t ; for after all, wi th very few exceptions, our universe 
is composed of gases. I t is an aero-universe, and more specifically i t is no t 
only an aero-universe b u t an aero-dynamic universe. Everywhere we find t h a t 
there are motions in s te l lar and interstel lar space, even in these layers of t h e 
sun and the stars where you would have thought t h a t there was a t least ra­
diat ive equil ibrium. W e find t h a t inside t h a t same layer there is «micro­
turbulence »; and in deepe r layers there are motions of convect ion; and then 
there are the chromosphere a n d t h e corona with their shock-waves. Every­
where there are m o t i o n s ; t h e whole universe is really an aerodynamic universe. 
I t is clear by adding to a s t ronomy t h e knowledge which we can get from aero-
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dynamical science, a considerable number of new possibilities arise for astro­
physicists, of which we have explored only a small pa r t—we are only j u s t 
s tar t ing. 

To aerodynamieists it m u s t certainly be interest ing to see how their work 
can be applied to cosmical problems. There are qui te a n u m b e r of new ques­
t ions which have been p u t b y as t ronomy and which m u s t be s t imulat ing in 
all directions for aerbdynamicis ts . However, it will be necessary t h a t astron­
omers t r y to p u t their problems in a simplified and clear form. The con­
struct ion of good models is one of the impor t an t and difficult tasks of science, 
one of t he greatest mean of progress. I th ink t h a t we should also t ra in our 
s tudents in making models, and t h a t we generally d o n ' t ; we give them models, 
and they have to calculate wha t are the consequences. Le t t h e m learn to t rans­
form the complications of na tu re in to a simple model, which afterwards m a y 
be t rea ted by well-known mathemat ica l methods . If we compare the appli­
cation of aerodynamics to t he s tudy of interstel lar space, and its application 
to the s tudy of stellar a tmospheres , wTe see t h a t there is this impor tan t dif­
ference, t h a t the applicat ion to interstellar space could hard ly be tested by 
laboratory exper iments . There, we are confronted with immense spaces and 
extremely low densities, which could not be imi ta ted in any way, and the 
only way to progress is jus t theoretical calculation and a rgument . But in the 
case of stellar a tmospheres , there is a great promise in the possibility of making 
labora tory exper iments ; this came out very clearly in m a n y aspects during this 
colloquium and mus t incite aerodynamieists to giving their a t ten t ion to the 
experimental solution of the problems with which we are concerned here. I n 
the meet ing of scientists of two different groups, there is always a certain dif­
ficulty to be overcome before one unders tands the language of the other one. 
One might hope t h a t between aerodynamics and astrophysics, there would 
be a common language which they both unde r s tood—tha t is mathemat ics . 

^But i t appears t h a t this does no t really help so much, because the difficulties 
of common unders tanding are no t in the ma themat i ca l process, bu t in the 
t ranslat ion from the language of aerodynamics in to ma themat i c s or in the 
t ransla t ion of a s t ronomy in to mathemat ics . I t is there t h a t t he difficulties 
are. Once you have made the model and the t rans la t ion , the mathemat ica l 
machine operates and there we all unders tand each other. 

I t seems to m e t h a t in cer ta in respects we have over-es t imated each other ' s 
knowledge. W e could have perhaps prepared t he audience be t t e r for the 
general lectures. Ast ronomers should have shown more slides about solar 
phenomena and should have made things a l i t t le more pic turesque. I n a s imilar 
way there are basic concepts of aerodynamics which were given often after 
they had already been used extensively in the in t roduct ions . These are things 
which occur qui te na tura l ly and would have been difficult to avoid. B u t for 
future meetings let us t r y to introduce always the necessary prel iminary con-
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cepts, let us encourage people to ask for explanat ions, to look very clearly 
a t t he fundamenta ls and n o t to be satisfied with general terminology b u t to 
ask critically about the basic points . 

I t m a y look to as t ronomers t h a t some of the aerodynamical theories are 
somewhat far from astrophysical applications. On the other h a n d i t is clear 
t h a t we mus t first give our full a t t en t ion to such pieces of theory, which are, 
so to say, machines which can be applied to m a n y different cases. W e mus t 
unde r s t and how a certain n u m b e r of these machines work to be able to p u t 
t hem together afterwards, and to construct a whole factory, giving the results 
which we need in order t o explain our observations. F r o m t h a t point of view, 
as t ronomers should have t he pat ience to listen, to unders tand , to become 
familiar with different pa r t s of aerodynamical machinery, even if they do not 
see a t once the possibility of application. 

I t is a dis turbing circumstance t h a t often in the discussion i t becomes clear 
t h a t the astronomical observat ions, on which we should be glad to rely, are 
no t so certain as one would have hoped ; and t h a t on the o ther side, the aero­
dynamica l theories, wi th which the as t ronomers were a t first so happy , are 
no t so well-established ei ther . A n d t h a t on bo th sides there are doubts and 
contradict ions, and people th ink ing in another way. I can give no consolation 
in this respect except to say t h a t for tunately the complaints are reciprocal. 
B u t I t h ink we have to be resigned—this is the difficulty of science on the march, 
t h a t there are inevi tably a cer ta in n u m b e r of doubtful points which mus t be 
overcome by gradual progress. 

I t seems to me t h a t after w h a t we have heard, we shall feel t he necessity 
of reading more of each o ther ' s work ; and in t h a t respect I should like from 
t h e point of view of as t ronomers to ask t h a t in t he repor ts of this symposium 
the re should be given a certain n u m b e r of good references to general aerodynam­
ical books. Secondly, and perhaps more impor tan t , t h a t also specified 
references should be ment ioned b y those having quoted papers of the liter­
a tu re in the course of their in t roduct ions or in the discussions. 

I t h ink t h a t on both sides, we h a d sometimes the impression t h a t the other 
group pu t s too much emphasis on details , which migh t seem irrelevant . There 
has been a discussion on the t empera tu re of the corona, and I heard an aero­
dynamic is t saying « Well, is it so impor t an t whether t h a t is one or two mil­
lion degrees? » One m u s t unde r s t and t h a t in a certain n u m b e r of cases such 
a n appa ren t detai l is very impor t an t , because i t m a y disclose fundamenta l 
questions concerning the s t ruc ture of such a stellar layer. And also from the 
o the r side, as t ronomers sometimes h a d similar impressions. The mixing-length 
theory , for example , which gives very useful and pract ical results a n d is exten­
sively used, was criticized b y aerodynamicists because i t is no t qui te accurate 
in all details . I t is clear t h a t i t is not easy to say where precision becomes 
essential and where it is simply a nicety which does no t ma t t e r . This has to 
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be left to the critical sense and appraisal of each group, and no general rules 
can be given. I t is only clear t ha t , where details are no t essential and only 
a m a t t e r of discussion between specialists, t hey should be left out in colloquia 
like this . 

I have heard the question being p u t : « Will i t be in the future necessary 
for s tudents of as t ronomy to t ake a course in aerodynamics"? » I would be 
inclined to say : Yes, certainly, and I th ink in m a n y universities our s tudents 
are having a l ready such a course. Unfor tunately , such lectures always give 
too much on one side and too l i t t le on the other side. I t is impossible to have 
a special course of aerodynamics m a d e in such a fashion t h a t i t precisely applied 
to the needs of as t ronomers . Tha t would not be r ight , even—they have to 
learn something about aerodynamical science in broad lines, and then they 
must be able for themselves to s tudy more especially these par ts which are 
impor tan t for as t ronomy. One may hope t h a t sooner or later there will be 
wri t ten a textbook on aerodynamical as t ronomy or something like that—espe­
cially applying to as t ronomers , just as we have now already textbooks of cos-
mical electro-magnetism or about radio as t ronomy, especially wri t ten for the 
astronomical applications. B u t let me ask also the reciprocal quest ion: « Will 
i t in the future be necessary for s tudents in aerodynamics to t ake a course in 
as t ronomy? » There I a m afraid t h a t I cannot say yes. B u t I hope t ha t aero­
dynamicists shall insert in their lectures a certain number of examples taken 
from as t ronomy, which m a y be very impressive because always i t is beautiful 
to see how theoretical physics can be applied to na tu re on a cosmioal scale. 

I am afraid t h a t I have perhaps emphasized a l i t t le too much the diffi­
culties of common unders tanding—on the other side there is no doubt t h a t 
for the great pa r t , we have been able to overcome these difficulties, and t h a t 
very fine and interes t ing results have been reached in this colloquium. They 
have been explained and summarized by several people here. I only wan t 
to emphasize par t icular ly the very beautiful observat ional results which have 
been presented and which are fully appreciated when we t ake in mind the 
immense amoun t of work of organization, of perseverance which is necessary 
before such da t a are obtained. We mus t also remember t h a t a quan t i ty of 
new information m a y be derived out of this mater ia l . On the other hand, i t 
is gratifying t h a t the re has been not only a series of beautiful observational 
results and a series of aerodynamical theories—but t h a t on m a n y points the 
connection has been m a d e ; for t h a t was the essential m o m e n t of this collo­
quium and its real purpose. 
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