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manifold. Let D be a distribution on the tangent bundle TM such that X <)
implies the conditions :

E ]zi’;:.f Hﬁ_j; XY = 0: Vk)

G da™

Sfor the expression (8) of the vector field X

= L J \f n
Then the vertical lift f* of the function f is a D-convex function. A METHOD FOR FII\DII:TG THE STRONGLY CONNECTED
Particularly, if 3 is a locally Euclidian spaee, f* is a convex functiop COMPONENTS OF A DIGRAPH
on TM. .
[ |

DANUT MARCU
REFERENCES
. Kivotaka 1i— Minimal submanifolds and convex functions, Tdéhoku Math. J. 24 (1972) In [. ‘I [3] I-“'] and [5] there are four a]gorithms for computing the
= % “fs [0 L § . B
it G Funcpi jetafi Ri tene, Studii si i ) olv connected components of a digraph. Our paper gives a new method
. Udriste C.— Funcfii convere pe varicldfi Riemanniene, Studii 5i cercetiiri matematice sirongly ¢ po! 3 A1 ith
28, 6 (1976), 735745 * Limilar to that included in [2]. Let D = </, of > be a digraph [1] wit
. Udriste C. — Continuity of conver functions on Riemannian manifolds, Bullctin Mathé BN — {1, 72y 5009 ny} the set of nodes and @ the set of arcs. 1f certain

matique, Tom 21 {69), 1—2, 1977, 215--218, t . i f the form <mn;,n;, >, <R

. . : . ) s ol & ean be placed in a sequence o e fo t0 Mgy > t
4. Oproiu V. -— Some remarkable structures and connections defined on the tangent bundl elemen . ;
P of I e, B, > e < T, Ry > then, the set { < my, Ny >, <Ny My > e <Py

Rendiconti di Matematica (3), Vol. 6, Scrie VI, 1973, 508—540.
Received 27.X1.1978 n, >} is a path from n, to 7, In D, a path denoted by € [, ny, )

For a digraph we consider the path matriz
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P=(py) &, =12, N, where:

1, if there exists a path Cfn, ny),
Py = {
0, otherwisc.

In [6] we have suggested a very simple algorithm for computing the path
matrix of a digraph from his adjacency matriz 4 = (ay)4,j=1,2,., N
defined as follows : )

{ 1, if <n,n; > €d,
iy =

0, if «my,ny > & A

Two nodes 7 and m arc muiually strongly connected (n ~ m) if and only
if there exist the paths € [n, m] and € [m, n). Obviously, ., ~,, is an equi-
valence and induces a partition on 7 in the classes': (I CRN (‘.3,,, called
sirongly connected components. Our problem is to find an algorithm for
mputing €y, €, ..., €. Having this purpose, we consider the matrix
P = (pi;)i,5 = 1,2,.., N, where:

. pip if 1 # 4,
Pis :{ - D
1, ifi=3.
Theorem 1. (sce [2], p. 28, excrcice 9). If €, s the strongly connected
omponent that contains the node ny, then [(P*)*]u= 1€ |-
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by, T Lot 45 @ {120 B . The clement, [(F7)]y is obtained

N
[(P*)]y =Y, Pk Pis-
k=1
Obviously, the product pj- pi; is equal to O or to 1. Tt is e i
_ ) ks . It is equal to 1 if th
exists a pat}l G[n, n,] passing through n,, and it is equal to 0 otherwiesl;e
Hence, [{P*)?];; represents the number of nodes belonging to at least
a path from n, to n, that implies that [(P*)?]y; is equal to the number
gflnod.es bflonglqg to at l]eagt a ecireuit including n, Because the nodesg
elonging to a circuit including n, generate €, we have: : =
e |€2r|li (Q_E,D.):L i g e we have: [(P')], =
eorem 2. Let @, be the strongly connected component that contai
the node n,. The node n, belongs to €, if and only if [(P')*}; = [(P')t?]?s
Proof. Suppose [(P*)*]y = [(P)*]u. In this case the number of nodes
z)silgliimg to alt)IEEStta path (S[dni, r?] is equal to the number of nodes of €,
eorem 1). But every node of €, belongs to at 1 s
to n,. ance, 1= . (Q).[E.D.). ’ gs to at least & path from n,
Reciprocally, suppose that n; = €,. In this case, obviously, we have:

(1) [(P*)2)es < [(P*))ese
Because every node of €, belongs to at least a path i
according to theorem i G ¢ path from i £0 1, we ohing

{2) [(P*)2)s = [(P*))se.

From (1) and (2)_ it results : [(P*)2]; =[(P*)*] e (Q.E.D.). Theorem 2 suggests
?)f sir)nple algorithm for computing the strongly connected components
Algorithm. 1. k: =0, €: = &. 2. I: = k- 1.

. . k—
8. If there exists a node 7y, i (k) = {1, 2,..., N} so that ny, ¢ Ul&,,
a=0

k-1
then we construct the set @ : = {nun} U {ny | n; € U €, and [(P*)]iws=
= [(P*)luwewn § =1, 2, N}, go to 25 else STOCII;:U
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THE EQUATIONS OF RADIATIVE RELATIVISTIC
MAGNETOHYDRODYNAMICS. INVARIANCE GROUPS
FOR ONE-DIMENSIONAL FLOW

BY

GH. PROCOPIUC

1. Introduction. In [1] we have established the equations of radia-
tion field and its interaction with continuous medium in motion. We now
{ derive, in Section 2, the equations which describe the motion of the me-
dium in the presence of the radiation field and of the electromagnetic field,
that is the equations of radiative magnetohydrodynamics, making use
of the particle, momentum and energy balances, We also allow the medium
velocity to be great enough that relativistic effects may become important.
However, we also give the nonrelativistic limit of these equations. We use
'the way followed in [2], but we also take into account the electromagnetic
field. We give, in Section 8, the covariant form of the equations of radiative
relativistic magnetohydrodynamics, and in Section 4, some considerations
about the energy equation and thermodynamices. In Section 5, the equations
for a compressible ideal perfectly conducting gas are written.

Following the method given in [1}, in Section 6, determine the in-
variance groups for the system of the hydrodynamics (HD), of the mag-
| netohydrodynamics  (MHD), of the radiation hydrodynamics (RHD),
‘and of the radiative magnetohydrodynamics (RMHD), which describe
' the one-dimensional flow of an ideal perfectly conducting gas. In Section 7,
we analyse some group properties of the previous systems.

2. The equations of radiative relativistic magnetohydrodynamics.
We consider a compressible ideal fluid, moving with velocity u (r, t) with
respect to a reference frame R. We introduce a second reference frame
R,, namely the frame moving with the fluid. In this frame, we denote by
s (r, {) the mass density of fluid, p™ (r,?) the fluid pressure, and Et(r, 1)
the fluid energy density in excess of the rest energy. If ¢ is the vacuum
speed of light, we define

A= (1 — u?fc?) g
which the fluid velocity is u, the

then in the refcrence frame R for
and the total fluid energy demsity

mass density of fluid becomes 2p,



