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1. - Introduction. 

As discussed by D E U T S C H , t he following gas-dynamical problem arises in 
t h e s tudy of a stellar a tmosphere : find a s teady ou tward flow, originating from 
a star, which is compatible wi th t he interstel lar medium. I n w h a t follows, 
spherical symmet ry will be assumed; moreover, t h e gas will be considered as 
a perfect gas with constant specific hea t s . 

The nota t ion is as follows: 

r, distance from the center of t he s ta r ; 
o, densi ty ; 
r , specific vo lume; 
T, absolute t empera tu re ; 
CV1 specific hea t per un i t mass a t constant pressure; 
y, adiabat ic index ( l < y < £ ) ; 
GMjr, gravi ta t ional potent ia l of t h e s ta r ; 

, values of T and T in t h e interstellar med ium which are as­
sumed to be known. 

2. - Equations. 

This flow is ruled by t h e usual conservation laws: mass, m o m e n t u m a n d 
energy. The cont inui ty equat ion gives: 

(1) gur2 = m or u — mrr~2, 

m, t he r a t e of mass flux, is a constant . 
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The energy equat ion says t h a t t h e specific en t ropy is a cons tan t ; as a 
. result the m o m e n t u m equat ion m a y be replaced b y the Bernoulli theorem 

u2 GM 
(2) < L + C p T - ^ = B , 

while the equat ion of estate shows t h a t 

(3) 2 V " 1 c o n s t . 

The physical problem is a s tudy of mass-loss from the s t a r ; thus B>0. 
F o r large values of r, as r t ends towards T W , u t ends to zero, and (2) shows 
t h a t B= GqT^. Thus , B is a known positive constant . I t is very easy to 
s tudy the variat ions of u, T , T as functions of r. F o r ins tance r(r) is implicitly 
given by 

/ GM m2r2\ 
(4) ^ + — J T V - i = c o n s t . 

I t is convenient to in t roduce non-dimensional variables. 
If rL (length) and rL (specific volume) are defined b y 

(5) GM = BrL , m2T\ = r\B 

and if one introduces 

(6) X = z L j y=L^ 

(4) may be wri t ten 

where G is a cons tant ( O > 0 ) . 
One mus t invest igate t he shape of the curves (C) defined b y (7) in the 

domain x.> 0, y > 0. 

3. - Pattern of the curves (C). 

Firs t of all, one has 

dF vy-1 dF V"Y~2 

(8) _ = ? _ ( _ ^ + 2 y « ) , ^ r = l - r dx xb dy x* ( y _ l ) ( a * + a ? « ) - ? ^ y ' 
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a) The curve (JH) denned by 

2y2 = x* 

is t he locus of points of (£) where t he t angen t is parallel to t he x axis. 
Fo r a given y, C is an increasing function of x for x3< 2y2 and a decreas­

ing function of x for xz > 2y2. E v e r y curve (C) is cut in a t most two points 
b y a parallel to the x axis. 

b) The curve defined by 

2(y — 1) 

y - j - 1 

is t he locus of points of (£) where t h e tangent is parallel to the y axis. As 

c 2 

Cp." — , 
y - 1 

with c the speed of sound, it is easily checked with (2) t h a t (T^) is the locus 
of points which correspond to a Mach number equal to 1. This curve (.TJ 
divides the domain into a subsonic and a supersonic region. T h a t is, for a 
given x, a value of y exceeding t h a t from eq. ( 1 0 ) requires supersonic flow; 
less, subsonic. 

For a given C is an increasing function of y for 

2(y — J) 

a n d a decreasing function of y for 

E v e r y curve (£) is cut in two points by a parallel to t he axis. 

c) When 1 < y < |: 
(F) and (rj have one point of intersection A, apa r t from the origin 

5 - Sy 2 1 5 - 3y 
" r - 1 

Obviously, A is a saddle point for the family of the f-curves. The par t icular 
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e) When x-^0, y - > 0 ; bu t one 
lias either 

yv-i~ Cx 

( U i / / ,(W XD 

curve which goes th rough A—say (£*), and C* the corresponding value 
of C—admits t he point A as a double point (*). 

I n what follows t h e two branches for x> xL will be no ted (£„),. and (£+) g 

respectively, (C*)- l v i n g below ( C J S . 
The previous results allow one to 

sketch the pa t t e rn of the (£) curves 
(Fig. 3 ) . 

The following information m a y be 
added 

d) When x - > o c , e i ther y remains 
finite (yy~l = (7), or # m a y increase 
indefinitely (y2~2x*). 

Fig. 3. - Sketch of the pattern of the 
(£) curve. 

or 
2a?8(l — / S ^ 6 - 8 ^ / 8 ) , j 8 > 0 . 

4. - Shocks. 

At a point d is tan t r from the origin, the critical sound speed is given b y 

y + 1 \ r ) y + 1 \ ^ x 

If one has a shock a t this point , according to P r a n d t P s relat ion (cf., e.g. 
Gas Dynamics, by K . O S W A T T T S C H , p . 3 3 , (New York, 1 9 5 6 ) ) 

( 1 3 ) uxu2 = c\, ux> u2. 

Where ux and u2 are the velocities for r —0 and r + 0 respectively. 
Thus. 

r 4 — * > T l > T 2 > 

or 
2 ( y — 1 ) 

y-j~l 

(M For -/ = f, /y2^-- 2./"1 is one of the branches of (f J . 

https://doi.org/10.1017/S0074180900104498 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900104498


3 0 0 P A R T I I I - C : D I S C U S S I O N 

Notice t h a t (10)—-the equat ion of (J 7*)—appears as a special case of (14). 
I n t h e x, y plane, when a shock is present t he image poin t of t h e flow 

j u m p s from a curve (d ) to another (f 2). I t is inpor tan t to compare t h e values 
of t h e related constants Cx and C2. If one notes t h a t the constant in t he r ight-
h a n d side of (3) is proport ional to 

e x p 

where s is t he specific en t ropy and Cv the specific hea t a t cons tant volume, 
i t is clear t h a t C2jG1 is propor t ional to 

exp 
S9 S1 

and, as s2 > s±, one concludes t h a t 

(15) C f > C V 

5. - Discussion of uniqueness. 

Let us recall t h a t it is always assumed t h a t rm and are given. Thus 
t h e cons tan t B= CvTm is known. T h e following assumptions are also considered 

a) m is given; 

b) t he radius of the s tar is very small in comparison with rL\ and in 
its neighborhood, the flow is subsonic. This excludes for t he m o m e n t the 
special l imit ing case y = -£. 

This last assumption means t h a t in the x, y plane, the image of the flow 
is to be defined for 0 < x < oo, and t h a t the curve mus t reach the origin in 
a p a t h lying in the subsonic region in t h e neighborhood of th is point . Of course, 
i t m a y be a serious l imi ta t ion, which has to be discussed wi th figures 

coming from t h e observat ions, b u t wi thout 
such an assumption uniqueness cannot be 

+ - C a s e ( i i ) proved. 

IB / • i 
case 11 J With these assumptions, the flow is uni­

quely defined. 
Fi r s t of all, rL and rL m a y be computed 

by (5). Thus y^ is known and defines 
uniquely the (f) curve for large x. Let us call this arc . Two cases 
are possible (Fig. 4). 
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i) This arc ( £ m ) lies below the arc which goes th rough A. The cor­
responding (COD) curve goes th rough t he origin a n d checks t h e assumpt ion b). 
Thus, i t is a solution. No other solution is possible because according to (15), 
such an arc (£«>) would be t h e image of a flow lying downwards of a shock, 
if t he image of t he upward flow were a (f) curve lying above the two branches 
of t he critical curve (£*) and thus condition b) would no t be satisfied, 
(ii) Or this arc ( C ^ ) Mes above ( C * ) S - A shock mus t be present . F o r the reason 
given in i), t he only possibility to check assumpt ion b) is to have as image 
of t h e upward p a r t of t he flow an arc of curve (£#) s which corresponds to a 
flow s tar t ing as a subsonic flow for x = 0 and which is accelerated smoothly 
through the trans-sonic regime (saddle point A). 

The position of the shock is defined as the intersect ion of the curve 
with curve (f), which represents the locus of flows lying jus t behind a shock 
when the above s ta te lies on the (C^)s b ranch. I t m a y be checked t h a t these 
two curves have one and only one point of intersection. 

The special case y == is a l imit ing case whose discussion is left to the 
reader. W e wan t to emphasize t h a t assumption b) is necessary to guarantee 
the uniqueness proper ty . 

6. - Signification of the results. 

The values of T F F L , T ^ , 5 are given b y the d a t a of t h e interstel lar medium. 
B u t the value of m depends on da t a on the s ta te observed on the surface of 
t h e star. Le t us no te wi th a subscript t he corresponding values of various 
quant i t ies (r 0 , T 0 , T0...) 

I n order to compute m, u0 and T 0 (or T0 and r 0 according to the Bernoulli 
equat ion) mus t be known. To compare the theory with exper imenta l da ta , one 
mus t check t h a t t h e flow on the star is subsonic and t h a t t he flow a t r 0 m a y 
be compatible wi th the d a t a a t infinity thanks to t he uniquely defined flow in 5. 

Another way t o tes t t h e val idi ty of such a theory is t o notice t h a t d a t a 
for various s tars m u s t be fitted as explained above wi th t h e same interstel lar 
medium. 

Discussion: 

— A. J . D E U T S C H : 

I should like t o clarify several points . F i rs t , I t h ink i t is no t quite correct 
t o say t h a t there is a controversy between P A R K E R and myself. As I under­
s tand t he si tuat ion, there is no t necessarily any controversy. W e depar t from 
different sets of observations, wi th different physical problems in view, and 

o 
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