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JPHSs 2503 
CSOJ 3621-N/a 

SYNGHROTRONIÖ RADIATION IN COMETARY NEBULAE 

(Submitted by Academician V, A. Ambartsumyan, Sept, 
11, 1959) 

/"Following is a translation of an article by G. 
A. Gurzadyan which appeared in DokJa^/ka^m

T^qRx 
nauk SSSR (Papers of the Academy of Sciences USSR; 
I960, Vol. 130, No. \J 

AmonK the galactic nebulae, cometary nebulae cons- 
titute a small, but interesting group. The distinguishing 
features of these objects are primarily their external sha- 
pe (SSSIt^aÄ or cone-shaped) and the ^regular variabi- 
lity Of their brightness and structure. The bright part of 
cometary nebulae is usually of magnitudes comparable to the 
apparent magnitudes of large planetary nebulae, while the 
star producing their luminosity belongs as * ™1°» *°fars 
of low luminosity (type A and later); it is difficult to re 
concile the latter circumstance also with the fact 01 tne 
wesenoe of emission lines of hydrogen in the spectra of 
fome come?ary nebulae. Finally, the emission of a fltrone 
continuous spectrum, sometimes interrupted by absorption li- 
nes of hydrogen, also characterizes cometary nebulae» 

V A. Ambartsumian was the first to pay serious at- 
tention to the peculiarities of radiation of cometary nebu- 
iSt he pointed out that the luminosity of these objects is 
not of a thermal nature (1).  Subsequent investigation oi 
this problem indicates that the luminosity of cometary nebu- 
lae could be caused by the decelerating radiation of relati- 
v?stic electrons in the magnetic fields of the.nebula (syn- 
chronous radiation).  It is necessary to note in tnis connec- 
tion that an analysis of the proposed hypothesis is by far 
not limited to a simple calculation of the concentration of 
relativistic electrons and to finding their spectrum, ihe 
hvnnthesis of relativistic electrons has been found GO pro- 
vide a |ood explanation of a number of facts pertaining to 
cometary nebulae, whereas the more widespread hypothesis of 
She reflection of the light of the nucleus by the aust par- 
ticles of the nebula does not provide such an explanation. 
Dome of the results obtained by the author on this problem 
are cited in this article. 



Sometimes* from the reverse side of the cone of a co- 
nietary nebulaasymmetrical to the nucleus, we observe the ap- 
pearance of ihö same kind of cometary shape -(for example, 
in HG-C 22614 £245).  This causes the nebula to assume the 
character1,, of assort of bipolarity which, however, should not 
be identified with the structural bipolarity of some plane- 
tary nebulae (2), but it should also not be considered to 
be a fortuitious phenomenon. 

It can be concluded from this fact that a cometary 
nebula "rests" with its end upon determinable regions of a 
star-nucleus, mainly in the region of the magnetic pole. 

However, the structure of the magnetic field in this 
case differs somewhat from the one assumed for stars.  It 
can be shown that in order to explain the shape and the ob 
served extensiveness of a cometary nebula, its nucleus should 
possess either a magnetic field situated eccentric to the 
center of the star, or, and this is difficult to reconcile 
with our contemporary assumptions of the nature of magnetism, 
it should possess a unipolar magnetic field. 

If we present the magnetic field strength in a given 
direction in the shape H ^-r~

n, thbn n = 3 with a dipolar 
field and n = 3/2 *■ 2 with a unipolar field, i.e., the gra- 
dient of the magnetic field will be much smaller in the latter 
case than in the former. Another cause of a decrease in the 
gradient of the magnetic field is that the substance itself, 
which has been ejected from the region of the star's pole, 
could carry a magnetic field with it. As a result of these 
causes,  the relativistic electrons emerging from the region 
of the pole, could produce synchrotronic radiation even at 
considerable distances from the nucleus, if the intensity of 
the magnetic field at the pole is of the order of 104 gauss. 

Magnetic force lines emanating from the pole in the 
direction of the magnetic axis (or the rotational axis of the 
star, if they are close to each other), are approximately in 
the shape of straight rays.  The electrons, flying from the 
pole toward the force lines at some angle, will wind around 
the latter, describing a spiral trajectory. The trajectory 
radius should gradually increase as the electron moves away 
from the pole, since the field intensity decreases with dis- 
tance. 

A change in the radius is tantamount to a change in 
the radiation frequency of the relativist1c electron. There- 
fore, the electron at a given magnitude of its energy E  emits 
invisible ultrashort waves in regions close to the nucleus, 
and invisible infrared and radio waves in regions remote from 



the nucleus, _ 
It follows from this that an electron or a given 

energy can produce radiation in the optical range only at a 
definite distance from the nucleus,. 

For example, at E= 10xx electron volt, the opti- 
cal range from 3,200 A to 7,000 A radiates within a range of 
intensity from HT = 2.2 • 10""2 gauss to H2 ~ 5 • 10"-> gauss. 

Although we do not know the exact law for the de- 
crease In intensity of the magnetic field of the star's pole 
-with distance, there Is no doubt that at some distance from 
the nucleus r-, the first condition will be satisfied, and 
at ro the second condition. At a different magnitude of E, 
we shall obtain different magnitudes of rn and r?. 

Thus, depending on the composition and uniformity 
of the beam of relativistic electrons, maximum brightness may 
occur at any distance from the nucleus. 

When several beams are simultaneously present and 
they are more or less uniform (monochromatic), but with dif- 
ferent values of E, there are several maxima of varying bright- 
ness and at different distances from the nucleus. Even during 
small oscillations in the composition of beams, the bright 
regions (spots) will drift, and may even disappear. 

Finally, if the energy spectrum of the relativis- 
tic electrons Is continuous, then instead of spots, there is 
a continuous nebula with a brightness which decreases monoto- 
nously with growing distance from the nucleus. 

The irregular changes of the brightness and struc- 
ture of cometary nebulae were considered one of the incompre- 
hensible phenomena of their nature. As we can see, the hypo- 
thesis of relativistic electrons ejected from the nucleus of 
the nebula gives a simple and conclusive explanation of this 
phenomemon. The picture of a changing brightness and struc- 
ture will become even clearer when we take Into account also 
the effect of the star's rotation and the effect of possible 
oscillations of the magnetic field intensity. 

The mean concentration of relativistic electrons 
Nein the nebula is determined from the assumption that the 
integral brightness of the nebula is a function of continuous 
synchronous radiation. Assuming that the spectrum of relati- 
vistic electrons is continuous and that it is represented by 
the form .,_ ^ 

Ne  ~ KE y 

for concentrations in the nebula of relativistic electrons 
which have an energy greater than E0, we will have 

tf.t^E^-JLj-JL., (i) 



where K is determined from the--relation 

K «. j(L L  ' V lo-0'*«"«-*®1 v""V, (2) 
c (7)  w&v^ K 

-  «„  +h-> m^ptlf   field  Intensity  in the middle  sections 
T^Jlp^    1 mean linear extension of the nebula 
aiol? thf visuaf ray; XX is the apparent  surf«e of th« «DU- 

la 1 eteradians;  ^ ia the »P^'«^™^ ?£fsun 
th*  qun«   w , is the total  stream oi  radiation oi  tue sun, 
it  is th^integral photographic  stellar »««nltude oi  the ne« 
^P£      , , ^a X\\a latitude of the spectral interval  in ire- 
oSncyun!ls-% Xl tfe ",ean ?J.U?rf «» Photographic re- 
gion of the^ectru»,.   funotlon depetldins on y and assuming 

values    -a 9   "    : *        „ „„,„ 
C(Y)    0,«.,0-..      «.»MO-.      WS.10.      «.10-10» 

'The application of (1) »V^Wo)," '"S*8*« 
■u -i  wnr. ooAi fields at A = 5 x3 * %>g~£ xu v:?;' nebula NGO 22öi Yi®^" To-«,--* a+ H - 10-3 gauss» 

aaär= ,Be(?>ioi2 - o;1;-» ^fro«en So»Bin ««»•*«'"ta- 

fohle radiation £ f^J^1^ follo¥lng formula to 
oetieUine'the elector, concentration of common (thermal)  el.»- 
trons in the nebulaj 

whercyi|;v-; = C(y-)/(H:Ö'';-   fciand    >*.   are the  equivalent  latitude 

and frocruencj.of the «ls.1» 11«^ Jj = .^^f^Loue 

t^^lon o^Äen 3 *»af For M?,S 2261,   this formula gives 
'It"    ;^J - 0 88  •  10l3 eeo-1 (5)   ana ^3    '13 cm-3,  which 
S ?ese oy^wo""oraers tnan the electron density of plane,ery 

neoulae. to agBume Va&% the optical thiek- 

^izs+.ion takes  place by means  of  synehrotronic  saurt 
dlatlon,   at <c»1 in the shape 

»+    _ * Alii f^FHirfl* r^ (4) 
l* " ~4* t -f 3 «t*<AE ° 



Proceeding from the observations of equivalent latitu- 
de of absorption lines H? in the spectrum of**? cometary ne- 
bula, we can determine the concentration of neutral hydrogen 
atoms within it by means of the formula 

V—1 

where X0(^A) is determined from the curve increase formula 

(6) A » 
*-2X.%-\i*>+XJ*dr, (6) W: 

o 

81 and S2 are the coefficients of selective absorption, cor- 
risDondins;ly in the frequencies of lines L«* and H&; ^~ 5  • 
10^ S il the frequency of Ionisation of hydrogen; ** is the 
coeffUliSt Sf continuous absorption per one ^^^ 

The application of (4), (5) and (6) to NGC 22ol yields 
«+ Mf>,e\ - ^ffRl and v= 3 m = 170 cm"*-3» n+/ni^0.1. at "(h8küsrin}N^d2&l,3tvä overwhelming part of hydrogen 
atoms is in'a neutral state and the degree of ^lMtlon 1B 
very low. Under these conditions, the optical thickness oi 
the nebula in frequencies of Lc-radiation is obtained ~ 10^, 
and 'in the frequencies of lines of the Balmer series of hy- 
drOSen'S?nchr

eot?oneic ?adÄ should be polarized and the 
plane olTolarization should be perpend icul «to the »agnetie 
intensity line at the given point ^*^e ^^i^^ (f ^e 
of polarization very high -- of the order of 70 Per.ent <H. 
Since the magnetic intensity lines of the unipolar Iieia in 
th- region of the cone of the cometary nebula are in the .p- 
pSoxSte shape of straight rays, therefore its continuous 
Radiation should, in the first approxlmation ^ polarIzed ra 
dially'to the nucleus, and the degree of polarization snouia 
bS ~"-KirSi "ein-said above is confirmed by data of pola- 
rimetric Investigations made in respect to NGO 2261, by t»  Xe. 
Khachifc'yan (3) and N. A. Razmadze (8)s  they obtained radial 
polarization. The mean degree of polarization over the ami 
?e nebula was found to be 16 and 19 percent, respectively, 
and in "ome points of the nebula it reached 50 to 60 percent. 
?nSs the Jesuits of polarimetric investigations also speak 
iS ?avor o? tne synch?otronic nature of the luminosity of co- 

metary nebu^       synchrotronic radiation of the lumi- 

nosity of comefary nebulae'gives also a «^S^tlSJl^f 
tion of other phenomena observed therein, and in particular oi 
tnfformatlon in the spectra of lines of emission and lines 



of absorbtion. 
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ÜLTR&VIOLBT MSIi-TlOH ABB SEI 
BX0I2ATI0H Of OXTGEB X*HE8 II 

THE CHROMOSPHERE 

[Following is a translation of a paper written 
feT G8 M. Hikol'ekiy aa& published In DoELady A- 
kademii aaufc SSE {Papers of the Academy of Scien- 
ces US3B), Astronomiya (Astronomy), Vol. 130* Ho. 
1, I960.] 

(Presented by Academician V. G« Pesenlcov, on August 25, 1959) 

Multiplets of 01, (the system of quintets at XX 7771.95» 
7774,18, saß 7775.39 and the system of triplets at AX 8446»35» 
8446.73 and 8447,66) are characterised "by a fairly high exci- 
tation potential (about 10 ev) for their upper states. Figu- 
re 1 shows an energy level diagram far 01. The lower states 
of the multiplets» 011 coupling with the adjacent ground sta- 
te» produce line® at M 1302.2, 1304.8» and 1306.0 (triplets) 
and at *\ 1355.6 and 1358.5 — forbidden lines with respect 
to spin. American rocket observationsu) haYe recorded Both 
groups of ultraviolet lines in the solar spectrum. Since the 
continuous solar emission in the Karelength interval corres» 
ponding to 10 ev is negligible, an electron collision must be 
source of excitation in the initial states for AX 8446 and 
7774 (3P2,1,0 and 5p1>2s3). 

However, in the case of triplets, a downward cascade 
process from the next higher level ^3,2.1 KaJ Js *5® mecha- 
nism which populates the initial state ->Pofl,2 

for tb-e A 

8446 emission. ,     .     . 
She *$x  2 1 level iß excited by the chromospheric e« 

aiesion in the'L/s line at 1025.73 A. 
for all intents and purposes* here we are dealing wXtfi. 

a resonance process: the energy of level 5$ corresponds to A. 
1025*77 kt  while the width of the Lß  line is somewhat leee 
thaü. 1 A. •'' . 

fbis meehanisis» in its application to the oxygen ox 
the earth's atmosphere» wa® first examined by P. S. Shfcloy- 
sfrly *2', But for a aumoer of reasons, the attempt® to die« 
cover the expected (according to (2)5 twilight burst at A 
8446 hafe proved unsuccessful. 



Let us examine the action&f this mechanism under solar 
atmosphere conditions. With this in mind, by solving the mi- 
cros tabjlitv equation systems separately for the 01 triplets 
end aulntets, we will find the occupation number of the ini- 
tial Vtat en for ».8446 and 7744 [sic], taking into account 
the L/? radiation.  We shall assign, numerals to the states 
(?ig. 1) and limit our examination to four, for simplicity 
we can neglect the loosely related processes. The solution 
takes the form: 

m 

Here, m is the occupation number of the ground states 3p; A 
and B are the Einstein coefficients; b is the electron col- 
lision excitation factor; and p   is the radiant excitation 
energy. Let us note that in deriving (1) and (2), we have 
taken into account the inequalities A >» Bp >^bwhich are va- 
lid for the chromosphere (with the exception oi f = fin ^^ 
A for inter-combination transitions), 

To evaluate the terms in Expression (1), we shall as- 
sume that- the chroiaospheric emission in L/j can be represen- 
ted as black-body radiation with T about 5,000»; the elec- 
tron temperature and concentration in the lower chromosphere 
are 2* = 5,000« and Ne about 10^ cm-3j the mean magnitude 
of the effective cros section, excited by electron collision» 
is of the gas knnetic order.  In general terms then« 

It should be noted that this evaluation is a strong 
function of both the assumed values for the L/3 -radiation 
intensity and the electron temperature T@ of the chromosphere, 

Nevertheless, the emission lines at A 8446 must be 
substantially stronger in the regions of the chromosphere 
with increased radiant energy of 'L/3 radiation. 
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Pig* 1.  01 energy level diagram« Triplets and 
quintets«. 

How great is the ratio of the intensities In the ehro 
mospherlc lines X8446/I777^ men * 8446 ls not excit@d h$ 
L6 radiation, this ratio must be small. This follows from 
the metastability of the lower level 5s for X 7??* and f^om 
the effective discharge — the permitted transition of exci- 
ted atoms fro® the analogous state 3s for A 8446 to the 
ground state 3p. 

«hen the absorption lines M 8446 and 7774 appear in 
the dense layers of the solar atmosphere« excitation is de- 
termined primarily by collisions and I8556/I77748 must be 
close to unity. Ihis is confirmed by an evaluation of the 
equivalent widths» using (4 to 6). 

The features of the excitation of chromospheric lines 
at   8446 make possible the measurement of the intensity of 
L-5  in various regions of the chromosphere. Despite certain 
definite problems in observing the extremely veak infrared 
lines of 01 in the spectrum of the chromosphere when there 
is no eclipse, this method has a number of advantages when 
compared to rocket observations of L/$ <•> 

Let us note that because of the great optical density 
of the chromosphere in the lines of the lyman series this 
method only provides data on the radiant energy of the Lß    ra- 
diation in those layers of the chromosphere where the emis- 
sion line A 8446 is formed. 

In setting up this type of observation, it is conve- 
nient to record M» 8446 and 7774 at the same time, since the 
ratio of intensities according to (1), (2) and (3), is inde- 
pendent of electron concentration and is a considerably 
weaker function of el.ectronjtejiperature than each line by 



itself* 

of the s. 
&® condition 18446/17774 ? \M * aiJe°? ^^?!«L additional excitation At   * 8446 due to L/j   radiation. 

Iwtitute of Terrestrial ÜJSÜ^Ä   M« 
Magnetism,  Ion.oeph.erd and August **0, 1959 
Radicnrave Propagation of 
tfe® Aoafleisy of Sciences USSB. 
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GSOJ 3621-N/c 

GRAVITATIONAL INSTABILITY IN PLANE 
ROTATING SYSTEMS HAVING AXIAL SYMMETRY 

(Submitted by Academician L. X. Sedov, Aug. 31» 1959) 

following is a translation of an article by 
V. S. Safronov which .appeared In Doklady Aka- 
demii nauk SSSR (Papers of the Academy of 
Sciences USSR), i960, Vol. 130, No. l.J 

The generalization of Jeans'(1) classical condition of 
gravitational instability was made by ^J'"^^!^^ 
was an analysis of an infinite uniform medium Rotating about 
a certain »is z  at an angular velocity w^ich is not a xum: 

■tiftn of the distance from the axis.  Chandrasekhar found tnai 
tlte JeLfc/iterSn remains valid ^r disturbances spreading 
out in all directions, except those whicn are atriotly per^ 
oendicular to the axis of rotation.  In the case of Jistur- 
Sees perpendicular to the axis sravitational ^stability 
occurs only' if the density exceeds the critical value 

This result is, however, inapplicable to actual rota- 
ting systems which commonly appear to be very iiai. 

They cannot possess instability about z,  and we can on- 
ly soeat of a spread of disturbances and of the emergence of 
InsSSSiSy in a plane perpendicular to the ^ <* ™£tlon' 
\  e  precisely when the Jeans criterion is inaPPficfbie*1 -  '  However^ even for that instance the quantitative esti- 
mate of Shlndrasekhar (1) should be subjected !£a reapprai- 
sal. First of all, because in actual systems the velocity of 
yn+n+irm  iq not constant and depends on r, if onlj lor jne 
?eafon°?ha? ^ereTs'usually a concentration of matter toward 
the center, and secondly because the dimension oi toe system 
in tL direction of axis z  is considerably smaller th.n the 
dimensions in directions perpendicular to z. The P^|^f

un 

reality of systems extending Infinitely in the direction ox 
the axis of rotation is particularly emphasized by K. F. 0go~ 
rodnikov (3)» 

11 



The following approximation hJJflf^fielocn/ofro- 
oön   ««fl   q^hatzman (4).     They assume that the velocity 01  ro Bel and. ücna"&zman \y >     t.i+,,nnhf r      Analysis was made of + «+4^-rt  rt-p P   esvqtent  Is  a iunction 01   i»     ä«WJ.JO*^ tat Ion oi  a sjuusu « ö    "*■ ^,iä„„ P<ir«n*>rtrtimi1ar to the a- 
di*turbancea which spread in a plane PerPenJ:^t Jl J" Jhiq xis  of rotation and which are  aummetrioal relative to  „his 

aXlS"    However,  the authors    only analyzed V^ff^f SrtL 
iastance and the Polason equation for the potential was writ- 
ten in the form 

'1 ± (r^. kj) Ä — 4KGSP. (2) 

*     «»„«n + ir thflf  the  svstem here considered 

bility obtained by the authors 

would give a lowered ^lue of the critical density 

. ■? i? Senslt^ror freS flit rooatU cloud.  We shall 

tr5' jL^Surbancef trf radia? (circular"    Ar» analysis 
oTSonliUon(3)   snows lha,  it represents a balance of forces 
2cftiSdupran

3ele?ent ^»^^'.'ÄlS**" = *• 
runout^"™' if iL^enAVc^Uative lotion relative 
witnoux« a cna^e  xii J-W    ^ i ,-,-p+_,*-! nnri  member characte- 
to the center of the  system,     ^f gj^f f^**£ agreement 
ri7es the gravitation of the cylindrical cxxux-, x^    &    ««a-vvf- 

S^4rr?orÄVr— S31 SISä I *^„ fnv,».0v, ftT»-hit and which is associated with x.ne sT&ciu^xxwj 
o-ci?cSiLSbitsfthe second member on the right-hand side 
?* the «adlent of gas pressure produced as a result of the 
Is tae  graaxenc ui. &«•=> y      r«*turnin« the element, and the disturbance, i.e., also a for^e returning ™       , 
last member is very small compared to the prior, 
glected. which is infinlte along z  to 
flat BrstSS only tnS left-hand member in the inequality (3) 
Sill cSngrwh0lchyiS -sociated with gravity 
to determine the component or   f £raT£a^°Lw inconvenient 

?S E. ^IS^^USlSn^'iiS. tl'additional component 

12 



*?2iV/äz2 will enter int0 the left-hand side (2). It is the- 
refore expedient to calculate $fr  directly. 

Let r be the distance from the axis of rotation, h — 
the distance from the central plane of the cloud. The compo- 
nent of the gravitational, force along r at point TQ  in the 
central plane» the force being the result of the disturbance 
£p , equals 

fif-t&A *""«*$ 

Integrating (4) along f brings us to elliptical inte- 
grals of the first and second order 

where -* 

^5=—_—t ft»7r, ^ri «a«5™» 

When- the length of the disturbing wave X and of the se- 
mi-thickness of layer h0, which are small in comparison with 
distance m from the axis of rotation, magnitudes y and z are 
small, andk is close to unity. Elliptical integrals and ei- 
ther functions entering (5) can be expanded into a series ana 
limited to the first members (5); 

where k'2 = 1 - k2, A = In-^r . With an accuracy to the in- 

finitesimals of the second order y2, z2 

£ « ! -f ^ [6 In 2—! ~~1n {#* ~f- if^K^-f z*), J 

FlFT^ + z* *2\   2 

1». 



Then, the subintegral function in (5) will equal 

W(V,  *)«^'(l + £~£-£){l-31ri2+4ln(i,* + z») + 

+ Sq?jr [l + {{3 in 2 - { ~ j In (y* -f ar»)}(*/* + ?*}]}. (6) 

Since £f (- y) = - &P (y)t the sum total of values (6) 
at points +y and -y is changed into the difference f(yfz) -f 
(-y,z). Hence ^ 

0 e 

1   8 ._* . 1 + *[*--4 toS + lln^ + ^-jg^j-J^rf«.      (7) 

The second right-hand member is small compared with the 
first, and we can neglect it. We integrate (7) along z,   taking 
out as a sign of the integral the value of of , averaged along 
z: * 

MV « «?ra ( <p arc tg & rfy. (8) 

In the case of a usual slnusiodal disturbance with a 
maximum displacement £> at point ro and at a constant thickness 
of the layer 2TOQ 

When X«TQ  the second member can also be neglected. 
Then .   SF,»4sCrpf(98r, CIO) 

where \        .. r 
/CD«* \ stay- ucctg^rfx,   l~-gr. (11) 

The condition of gravitational  instability (3)   can then 
be written in the form 

«W<B>~(«r*)'+*JJr-. (12) 

The function f( ^   }  has the following values«. 
€      ft*      8      4       *       s      10       um 

fa)   0»§§   0,64   0,43   0,34   0,28   0,23   0,171   0,124 

Hence, it can be seen that a correction toward the ma- 
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äfnitude of the critical density is considerable and that it-, 
is a function of the ratio of,the length of the disturbing 
wave to the thickness of the layer. 

We shall now find the value §, at which the critical 
density, which is a prerequisite of gravitational InstaDill« 
ty, is minimal. We shall take advantage of the relation bet« 
we®n the thickness of layer H and density fe    in its central 
plane, found by Ye. L. Ruskol (6): 

H 

?*isa density which will be obtained if the mass of the cen- 
tral body Is equally distributed within the sphere of radius 
r.    Tabulating this  integral yields the following dependence 
of I on ?o/?*s 

/   0,86   0,8?   0S§4   0,96   0,975 

From  (13),  we obtain 

ÄL-4K6I52EL (15) 

For a system whose rotation is determined chiefly by 
the gravitation of the central mass  (the  solar system,  outer 
parts of the Galaxy): 

w* - YGW,     ~ (•«-■)' - *>*- T*<¥• < l6> 

Then the condition of instability will be written In 
the form 

*»/*<*>(£+$£). (IT) 

VaDue € represents density averaged along z, and hence 
it is smaller thanf0» However, if we integrate (7) only a- 
long the layer of thickness 2ho = H» which does not include 
all"the matter of the cloud, we have also loweredb F? in (ö) 
to a certain extent. In order to take into account the gra« 
vitation of the entire layer, the value f  in (1?) should be 
somewhat increased«  Numerical estimates show that i— 0.9 Q 
depends little on % . „«-.„«„ *>„« 

Taking this into account and using numerical values tor 
f(f ) and I, referred to above, we can find the critical value 
of Vo» whlch ¥l11 satlsfjr the condition of instability (17). 

18. 



The results of calculations at ys 1, yield: 
$ 4       •   8   W      IS 

*W/P* 6*S 2»3 2'4 2'2 2'4 

Thus* the critical density requisite for gravitational 
Instability which, as is well known, depends on X, proves to 
be minimal at a length of the wave of disturbance equal to 8 
times the thickness of the cloud H.  In decreasing % its in- 
crease will depend on the increase of the second component in 

■■(17). associated with the usual criterion of Jeans,  xn in- 
creaks A, the main part in (17) will be played by the first 
component associated with the rotation of the system.  In this 
instance, the critical density increases as a result of an xn~ 
crease of f"M £ ), which indicates by how many factors the gra- 
vitStion of thi fiat circle is smaller than the gravitation of 
the cylindrical circle, extending infinitely along z, The mi- 
nimal value of the critical density fQT  ~ 2.1** ^f^r 
than the critical density 1/35?* by a factor of 6, which had 
been obtained by Bel and Schatzman for a two-dimensional ins- 
tance, and it is also greater than the instance found oy Chan- 
drasekhar. Thus, the conditions for gravitational inbtaoill- 
ty in the interstellar matter of the Galaxy prove to b© more 
rigid than obtained before* 
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