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1. - Background of the symposium. 

The present symposium, four th in the series of symposia on Cosmical Gas 
Dynamics sponsored jo in t ly b y the In te rna t iona l Union of Theoretical and 
Applied Mechanics a n d t h e In te rna t iona l Astronomical Union, actual ly repre
sents the blending of two lines of a t t e m p t to focus a t t en t ion on aerodynamic 
phenomena in stellar a tmospheres . One is t he evolut ion of t h e present series 
of symposia itself. This series grew out of collaborative efforts b y J . M. 
B U R G E R S and J . H . O O R T to s tudy the propert ies of interstel lar gas clouds, 
a n d their feeling t h a t collaboration between aerodynamicis t a n d astrophysicist 
migh t be ex tended to o ther problems of t he interstel lar m e d i u m and galactic 
s t ructure , where large differential velocity fields are observed. The s t imu
la t ing effect of th ree such symposia on the inters te l lar m e d i u m led to t he 
suggestion t h a t t h e aerodynamical-as t rophysical collaboration be extended 
to other areas of astrophysics — such as t h e stellar a tmosphere — where 
observed velocity fields suggested interest in ae rodynamic problems. The 
second line of in teres t grew directly among as t ronomers interes ted in the 
s t ruc ture of stellar a tmospheres , under the dua l impe tus of an enormous 
increase in detai led observat ional d a t a and of an associated refinement in 
in te rpre ta t ive theory . An informal ga ther ing of a few as t ronomers a t t he 
1952 I A U meet ings in E o m e considered the question of whe ther a more careful 
examina t ion of t h e concept of « as t ronomical turbulence » migh t no t be useful. 
The discussion led to plans for a more ex tended symposium, to last several 
days , a t t he t ime of t h e Dubl in I A U in 1955; and for p repara t ion of an extensive 
bibl iography covering as t ronomical papers on ae rodynamic phenomena in 
stellar a tmospheres . These plans were considerably condensed: no bibl iography 
was prepared, a n d a 2.5 hour session was held a t Dub l in (Trans. IAU 9, 
727 (1955)), t he cur ta i lment apparen t ly reflecting t h e a t t i t u d e of most as t ron
omers t h a t t he subject was no t a t t h a t t ime of sufficiently wide-spread 
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interest t o justify such extensive a t t en t ion . Thus t h e present symposium 
m a y b e viewed as t he culminat ion of these earlier efforts, from t h e s t andpo in t 
of as t rophysical interest in a more complete view of t h e s t ruc ture of stellar 
as tmospheres ; as well as an extension of the collaborative efforts be tween 
aerodynamicis ts and astrophysicis ts in t h e general series of symposia of which 
this is t h e fourth. 

The preface to the Procedings of t h e Third Sympos ium (Rev. Mod. Phys., 
30, 905 (1958)) contains an historical-conceptual s u m m a r y of t h e evolution 
of as t ronomical concern wi th aerodynamica l problems a n d of t h e in t roduct ion 
of t h e concept of « as t ronomical tu rbu lence» . This s u m m a r y serves as well 
for th is symposium on the stellar a tmosphere as it did for t h a t on t h e inter
stellar medium, and there is l i t t le po in t in repeat ing i t here. I t is however 
useful to stress two points m a d e in t h a t summary . One is t h a t historically 
mos t as t ronomical concern wi th veloci ty fields in stellar a tmospheres has 
centered on phenomena concerned w i th stellar pulsa t ion a n d on t h e var ious 
measuremen t s of « as t ronomical t u rbu lence» — a t e r m loosely used to denote 
r a n d o m velocity fields in t h e stellar a tmosphere . The second poin t is t h a t 
an as t ronomical concern w i th ae rodynamica l phenomena , r a t h e r t h a n simply 
wi th velocity fields, came when as t ronomers began to ask t h e mechanical 
energy dissipation likely to be associated wi th these velocity fields, r a the r 
t h a n simply their effect on t h e rad ia t ive absorpt ion coefficient or on the 
m o m e n t u m balance in t he stellar a tmosphere . 

F o r a n u m b e r of years in t h e pos twar era, as t ronomers h a v e deba ted whe ther 
demands for a more realistic appra isa l of the relat ion be tween « as t ronomical 
tu rbu lence» and aerodynamical concepts represented a poin t of semantics 
or one of physics. I n a similar way , is has been a controversial question 
whe the r mechanical energy dissipation effects were sufficiently large to have 
appreciable influence on models a n d concepts used in analysing stellar a tmos
pheres anywhere except in ex t remely tenuous regions such as gaseous nebulae 
and t h e solar corona. I n t he p a s t few years , i t appears t h a t as t ronomical 
opinion has shifted sufficiently t o include even the denser regions of t h e solar 
chromosphere within t he category of being subject to appreciable influence 
b y these mechanical dissipative effects — raising t he densities a d m i t t e d for 
such a category from some 10 8 to some (10 1 5 - i -10 1 6 ) a t oms / cm 3 . 

This dua l astronomical impe tus arising from increase in detai led observa
t ional d a t a and refinement in t heo ry has s t imula ted concern wi th a t h i rd aspect 
of t h e velocity field-aerodynamic phenomena association, t h a t of a more 
deta i led in teres t in specific solar features . F r o m one side, quest ions on t h e 
origin of t he velocity field providing t h e mechanical dissipat ive effects in the 
solar chromosphere-corona led t o more detai led interest in t h e observat ional 
proper t ies and theoret ical consequences to be associated wi th t h e observed 
solar granula t ion, and to invest igat ions of the ae rodynamic significance of 
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t h e observed solar spicules. F r o m another side, ex t reme high-dispersion spectra 
of the solar surface (up to some 20 m m / A ) give s t rong evidence for small-
scale, t rans ient velocity features existing there . 

Because this was t h e first symposium on aerodynamica l phenomena in 
stellar a tmospheres , a n d t h e possible b r e a d t h of t h e subject is so great , t h e 
p rogram was p lanned to emphasize those points s tanding ou t in t he manne r 
jus t summarized. A§ a general p repara t ion of background mater ia l for t he 
Symposium, a n u m b e r of as t ronomers collaborated in prepar ing a biblio
g raphy covering papers on aerodynamic phenomena in stellar a tmospheres . 
I n pract ice, t h e epoch t h a t i t seemed useful to cover wen t back to roughly 1920. 
A request was m a d e b y t h e aerodynamicis t member s of t h e Organizing 
Commit tee for some k ind of a background-summary of as t rophysical concepts 
and jargon, in t h e field covered by the Symposium. This was t aken as an 
oppor tun i ty not only to present a background-summary from the s tandpoin t 
of the convent ional as t rophysical approach, b u t also to look a t the astro-
physical methodology from a somewhat more critical s tandpoin t , asking 
w h a t effects could be expected if indeed aerodynamic dissipation effects h a d 
significant influence on the s ta te of t h e stellar a tmosphere . Whi le such a 
discussion thus became strongly involved in the cur ren t controversy on the 
impor tance of including effects of aerodynamic dissipation, i t was no t t hough t 
useful to schedule as p a r t of t h e sessions a discussion of t h e solar chromospheric 
studies referred to above. I t was felt these were too specialized for this first 
Symposium. 

The two topics a l ready referred t o as mos t s tudied in t h e astronomical 
l i te ra ture were m a d e the basis for t he first two sessions on astronomical 
mater ia l p roper : « as t ronomical turbulence » and pulsa t ion phenomena . The 
scope of the l a t t e r session was widened, to include t h e subject of non-
catas t rophic mass-loss, to one of whose possible phases we m u s t be led in 
s tudying the outer b o u n d a r y conditions for t h e pulsa t ion problem. Also 
a session was reserved unde r th is heading for a more direct inqui ry in to 
problems arising from a shock propagat ing in to a m e d i u m of decreasing 
density. 

At ten t ion was then directed a t t he more detai led studies of «localized » 
velocity fields t h a t are possible b y restr ict ing a t t en t ion to the sun. Consid
erable emphasis was placed on the solar granula t ion , a n d also an a t t e m p t 
was m a d e to s t imula te discussion, from t h e aerodynamicis t ' s viewpoint , of 
t h e general p rob lem of convect ive instabi l i ty as i t migh t be reflected b y t h e 
granulat ion. I t is h a r d to cover t h e wide range of mate r ia l bear ing on velocity 
fields in the solar a tmosphere , and their possible association wi th o ther phenom
ena such as magne t ic fields, as p a r t of such b road sessions as this , so only 
a small sampling was included. There seemed to be a general feeling t h a t 
one of t h e future symposia in t h e series migh t be confined t o solar phenomena . 
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Final ly , because of t he general in teres t in energy dissipation mechanisms 
in those rarified a tmospheres where magnet ic fields occur, a discussion of 
collision-free shocks was included. 

2 . - Mechanics of the symposium. 

The F o u r t h Sympos ium was held as one of the sessions of t h e 1960 In te r 
na t iona l School of Physics « E . F e r m i » , under t he auspices of t h e Societa 
I t a l i ana di Fisica, a t t he Villa Monastero , Varenna (Lake of Como), 18-30 August . 

Like t h e three preceeding Symposia , i t was organized b y t h e In t e rna 
t ional Union of Theoretical a n d Appl ied Mechanics a n d t h e In t e rna t iona l 
Ast ronomical Union. The Organizing Commit tee consisted of: I U T A M : 
B U R G E R S , L I E P M A N N and S E D O V ; I A U : M I N N A E R T , B I G H I N I , S E V E R N Y , 

U N S O L D and T H O M A S . M I N N A E R T served as pres ident ; L I E P M A N N and T H O 

M A S as the secretariat . 
Ar rangements a t Varenna were prepared b y B I G H I N I . W e are indebted 

t o t he staff of the Villa Monastero, t h e Mayor and City Council of Varenna , 
a n d to t h e I ta l ian Physica l Society for their role as hosts t o t h e Conference. 

The two In te rna t iona l Unions , wi th t he assistance of UNESCO, m a d e avail
able l imi ted funds for the pa r t i a l def rayment of t ravel ing expenses of some of 
t h e par t i c ipan ts . The Consiglio Nazionale delle Bicerche di I t a l i a generously 
m a d e available a gran t to aid in meet ing the secretarial and o ther expenses 
a t Varenna . The US Nat iona l B u r e a u of S tandards aided in t h e secretarial 
p roblem on obtaining t ranscr ip t ions of t he meetings. To meet an unexpec ted 
crisis in t he t ranscribing equ ipment , t h e U.S . Air Force k indly provided equip
m e n t a n d personel, Mr. F . S L A T E R , a n d Mr. D . T A D D E . G . C O L C H A G O F F and 
S. C E L L E R A I organized the obta in ing a n d initial t ranscr ip t ion, of t h e records : 
t o Mr. S L A T E R and Mr. C E L L E R A I , we are par t icular ly indeb ted for t h e func
t ioning of the recording equ ipmen t unde r t ry ing condit ions of severe power 
failures occasioned b y s torms. 

The detai led prior a r rangements from the s tandpoin t of t h e organizing 
secretar ia t , t he t ranscr ip t ion of records in Varenna , a n d t h e subsequent com
pi la t ion and prepara t ion of corrected t ranscr ipt ions a n d manuscr ip t s have 
been hand led b y Miss A N N E T A Y L O R of t he N B S staff; a t Varenna she has 
been aided b y Miss N A N C Y P O T T E R of N B S . 

Ar rangements for publ icat ion h a v e been made b y G . P O L V A N I , P res ident 
of t he I t a l i an Physical Society a n d b y G . B I G H I N I . The Society has generously 
suppo r t ed t h e publ icat ion of these Preceedings as a supplement t o Nuovo 
Cimento . B I G H I N I , L I E P M A N N a n d C O L C H A G O F F have , toge ther wi th T H O M A S , 

ac t ed as an Edi tor ia l Commit tee on t h e Proceedings. Bough t ranscr ip t s of 
t h e several sessions were provided to t h e par t ic ipants for correction as t h e y 
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were t ranscr ibed. These formed the basis from which an edi ted version of 
t h e proceedings has been prepared . Considerable condensat ion a n d re-ordering 
of mater ia l has been m a d e in t h e edit ing process. Because t he main use of 
such proceedings as these lies in the degree to which t h e y summarize current 
th inking, t h e major concern has been to ensure thei r p r o m p t publicat ion. 
Because of this , no possibili ty has been given t h e pa r t i c ipan t s to check the 
edi ted version; responsibil i ty for errors and misconceptions t h u s fall on T H O M A S , 

who offers apologies for these wherever t hey m a y occur. 
The list of par t i c ipan ts is as follows: 

Aerodynamicists and Physicists. - C. A G O S T I N E L L I , I t a l y ; G. K . B A T C H E L O R , 

E n g l a n d ; A. A. B L A N K , U S A ; G. F . C A R R I E R , U S A ; F . H . C L A U S E R , U S A ; 
G. C O L C H A G O F F , U S A ; A. C R A Y A , F r a n c e ; L . D A V I S , U S A ; P . G E R M A I N , 

F r a n c e ; S. G O L D S T E I N , U S A ; M . K R O O K , U S A ; B . B . L E I G H T O N , USA; 
H . L I E P M A N N , U S A ; S. L U N D Q U I S T , Sweden; W . V . B . M A L K U S , U S A ; 

1ST. M I L F O R D , U S A ; H . P E T S C H E K , U S A ; V . S. S A F R A N O V , U S S B ; L . S C H I F F , 

U S A ; Y . D . S H A F R A N O V , U S S B ; W . B . T H O M P S O N , E n g l a n d ; M . S. U B E R O I , U S A . 

Astronomers. - L . B I E R M A N N , Ge rmany ; K. H . B O H M , G e r m a n y ; E . B O H M -

V I T E N S E , G e r m a n y ; A. B R U Z E K , Ge rmany ; E . M . B U R B I D G E , USA; G. B U R -

B I D G E , USA; I . K . C S A D A , H u n g a r y ; C. D E J A G E R , Ne the r l ands ; A. J . D E U T S C H , 

USA; G. E L S T E , G e r m a n y ; E . G. F O R B E S , Scot land; G. G O D O L I ? I t a l y ; M . H A C K , 

I t a l y ; S. S. H U A N G , U S A ; F . K A H N , E n g l a n d ; K . O . K I E P E N H E U E R , G e r m a n y ; 

P . L E D O U X , Be lg ium; B . L U S T , Ge rmany ; W . H . M C C R E A , E n g l a n d ; M . M I N 

N A E R T , Ne the r l ands ; E . A. M U L L E R , USA; A. G. P A C H O L C Z Y K , Po l and ; 
B . E . J . P A G E L , E n g l a n d ; E . N . P A R K E R , U S A ; C. W . P E C K E R , F r a n c e ; 
J . - C . P E C K E R , F r a n c e ; S. P O T T A S C H , USA; K . H . P R E N D E R G A S T , USA; 
H . v . B E G E M O R T E R , F r a n c e ; G. B I G H I N I , I t a l y ; J . B O S C H , F r a n c e ; E . S C H A T Z -

M A N , F r a n c e ; M . J . S E A T O N , E n g l a n d ; A. B . S E V E R N Y , U S S B ; E . S P I E G E L , 

USA; Z D . S V E S T K A , Czechoslovakia; B . N . T H O M A S , U S A ; J . T U O M I N E N , 

Fin l and ; A. U N D E R H I L L , Canada ; A. U N S O L D , G e r m a n y ; J . W A D D E L L , U S A ; 
C. A. W H I T N E Y , USA. 
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