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OYSIKH.— Boltzmann Distributions and Focusing in the Galactic
Plane, by C. Syros*. >Avexowddn imo tob *Axadnuaizot ». Katoagog

*AdeEomovrov.

Summary. From the Boltzmann equation an argument is obtained
which gives a plausible explanation for the observed matter concentra-
tion in galactic plane. ‘T'he same argument applies to the focusing of the

gravitational waves in the same plane.

The question of the focusation of the gravitational waves reported
by Weber [1] is now actively discussed [2, 3, 4]. Since focusing into the
galactic plane has been in connexion with the distribution of matter
in the galaxy, it is natural to inquire into the reasons for the observed
matter distribution. In the present note a general argument is forwarded
which might give the answer to both questions: T'he matter distribution
and the anisotropy in the propagation of the gravitational waves. This
argument can be derived from the Boltzmann equation. Here is conside-
red the non-relativistic equation. It will be assumed for simplicity that
the external force-field, E, is constant.

First a stationary solution, fg, of rotational character is given [5].

This distribution function satisfies also the Liouville equation.

fr(x,¢) = x-exp[—AF. (x —x') Ac]. (1)
The quantities %, A, X" are constants.
It is easy to see—by using the relations [6]
El’ = £1+ 2M2(§21'1_<)1_<» E=e— 2M2(g21 k) k
that the collision integral with fr vanishes. On the other hand,
¢ Ve(E-(x—x)Ac)=0 and F.Ve(F (x—x)Ac)=0.
Hence fg(z, E) satisfies rigorously the transport equation.

If the system particles possess a spin, nothing essential changes in
the argument.

Incidentally, In fr is a summational invariant.

A rotational solution with F=0 is known since long [6].

Next it is shown that there exist space directions in which the
matter propagates with weaker attenuation with respect to all other
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directions. T'o see that, it is observed that nothing essential changes if it
is assumed that F =0 in the central region of the galaxy. Taking the
Laplace transfor;ation with respect to the time, f=gt{f}, we get
the equation

AMA4c - VxI=7—1(x,¢0). (2)
From Eq. (2) it follows that
h=XK/n(c) —c<cos(c, n)>s ns(c)/n(c) —no(c)/n(c). (3)

Here, n(c) is the velocity distribution, ngs(c) is the integral of
I(x, c) taken over the system’s surface, S, K = [Td®x and n is the outer

normal to S at x.
The average cosine is given by
<eos (¢, n)>g = [ns(c) S~ fcos(c, n) TdS.

From Eq. (3) it is obvious now that, if C®is the velocity space,
there exist a sub-space C} such that for all ¢ €C? the right member of
Eq. (3) becomes very small and for some c—ECf there holds Rel = 0.
It is evident that for all c€C}, for which_f(x, ¢, t) does not vanish,
the distributions of matter decays very slowly— in time or it does not
decay at all (Rek = 0). This sub-space, C} CC}, of velocities is such that
the matter concentration is high relatively to that in the complement,
¢} = c®—c}. If ) takes purely imaginary values, then f(ﬁ, ¢, t) behaves
like a periodic function of time for certain velocities. The directions of
these velocities appear as directions of «geodesic» expansion. Such
expansion should appear not only in the space filled by gases but as
well in solids, whenever the diffusing particles obey the Boltzmann
equation. It follows from Eq. (3) that the form of the «geodesic» domains
depends on the velocity spectrum and on the form of the system’s boun-
dary. The relativistic system can be treated in an analogous manner. It
can be shown that there exist, for the gravitational waves too, domains
of «geodesic» propagation. Consequently there are predicted at least two
focusing actions for the graviational waves: The «geodesic» selectivity
of propagation directions and the relativistic focusing effect. The second
alone is not sufficient [7] to explain the expected intensity of the gravi-
tational waves as gravitational synchrotron radiation.
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NEPIAHVYIZ
2 ~ 3 r 3 ~ 3 ¥ - ) ’ 3 ’
Ex thc &Eiowoswg ol Boltzmann &mituyydvetar €mugelonua Emitoémov
gounvelav i v waoatnoovuévny cvyxévigwowv thg UAng mepl TO yahafiaxov
gnimedov. To avto Bmiyelonua Bgpoaoudletar xol g v dGmartovpévny Eotia-
owv TV rvpdtov fagitnrog meel 10 tonueovov éxinedov tol yahakiov.
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‘O *Axadnuainog #. K. AAeEdmovrog mapovotdlov v dvotéow dvaxoi-

SN B

. 3 \ c ~
voolv gise ta €ENg:
Eic myv yevixy dewotav tig oyetixdtntog, 6 Einstein mposime v Umao-

Ew xvudtov Bagitnrog. Ty mewpanatixiy Tagotijonoly t@v xvpdrov Bogitntog
avélaPe meo Etdv 6 Weber eig 10 Maryland. Mohovdti uéyoer orjuegov ta xiuato
Bagutnrog d&v mapstmeidnoav xnatd tedmov Emiteémovia TEMAA GUUTEQAGUUTOL,
c 3 ’ £l \ V.4 \ b 4 - ’ 3 (74 \ ~ ¢
1 dvauevopévy Evracig Otv dUvatar va eivan iodroomog eig Ghov Tov ydoov. O
Aéyog moog tolto eivar Ot 1) &véoyela T@OV xvpdrov Y dmfjrer v EEatilwowy
tepaotiov mocottwv wdlng. Tolto Vo aviégooxe medg TNV ouveyd) Exmopmnv
uv dtwv B 4 6 A 3 ~f‘ 2 B/ 3 ~ ’ !H S /~

Tt agVtnrtog, dnh. dvev onuaviwrils drooféocwg petd Tov yedvov. gEn
ynotg Tob @awvouévov Tijg un amoofécswe Tig dvrdoewg TV nvudtwv Boagltnrog
avalnteitar eig xdmotov umyovicpuov Eotidoswg tovtwy. “Amdvinov eig 10 {0~
tua Tovto didet 6 %. 2hog, dotig oydletan gic 10 "Eoyactiotov *Atopniic *Eveo-
vetag tiig Evowraixiig Kowdtnrog sig BovEéAhag. Oltog dmod étdv doyohreitar pe

\ > ’ L \ ~ ~ 9 E) 7’ L] &
v 8tlowowv Boltzmann, &g 0& moeofi) oystwmde el &varowdoelg eig v
*Aradnuiav "Adnvav xal iy Bacthiy *Axadnuiav tod Behyiov. Eig m)v magod-
oav 8oyaciav, Tv 6molav &y TNV TWNY va magovoldow eig THV Axadnulay
*Adnvdv, drodeinviel Gt éx tiig EElowoewg Tol Boltzmann mooxvmrtel 1 duvatd-
g va vrwdeEovv duvapuxol Adyor oyetildpevor weog Ty dounyv  tig dElomoemg,
oftwveg Gvayxdfouv téoov tnv UAny, Goov xal 1 xUpata Bagltnrog va Eotidlwv-
ToL 8vtog %ol megl 10 lonueguvov Eximedov ol yarakiov.



