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sYNcHRoTRONzc RADIATION IN COMETARY NEBULAR

(Submitted by Academician V. A. Ambartsumyan, Sepb.
; 11, 1959) ‘

[Following is & translation of an article by G.

A, Gurzedyan which appeared 1n Doklady Akademil
nauk SSSR (Papers of the Academy of Sciences USSR)

1960, Vol. 130, No. 1,/

Among the galactlc nebulae, cometary nebulae cons-
titute a small, but interesting group. The distinguishing
features of these objects are primarily their external sha-~
pe (comet-shaped or cone-shaped) and the lrregular variabi-
1ity of their brightness and structure. The bright part of
cometary nebulae 1is usually of magnitudes comparable to the
apparent magnitudes of large planetery nebulae, while the
star producing their luminosity belongs, as & rule, to stars
of low luminosity (type A and later); it is difficult to re-
concile the latter circumstance also with the fact of the
presence of emission lines of hydrogen in the gpectra of
some cometary nebulae, Finally, the emission of a strong
continuous spectrum, sometimes interrupted by absorption 1i-
nes of hydrogen, also characterizes cometary nebulae,.

V. As Ambartsumian was the first to pay serious at-
tention to the peculiarities of radlation of cometary nebu-
lae; he pointed out that the luminosity of these objects is
not of a thermal nature (1), Subsequent investigation of
this problem indicates that the luminosity of cometary nebu-
1ae could be caused by the decelerating radiation of relati-
vistic electrons in the magnetic fields of the nebula (syn-
chronous radiation), It 1is necessary to note in this connec-
ion that an analysis of the proposed hypothesis is Dby far
not limited to a simple calculation of the concentration of
relativistic electrons and to Tinding their spectrum. The
hypothesis of relativistic electrons has been found to pro-
vide a good explanation of a number of facts pertaining to
cometary nebulae, whereas the more widespread hypothesis of
the reflection of the light of the nucleus by the dust par-
ricles 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-
metary nebula symmetrical to the nucleus, we observe the ap-
pearance of the same kind of cometary shape «(for exaumple,
in NGC 2261} 2245), This causes the nebula to assume the
character of a sort of bipolarity which, however, should not
be identified with the structural bipolarity of some plane-
tary nebulée (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 fleld in this
case differs somewhat from the one assumed for stars. It
can bec shown that in order to explain the shape and the ob
gerved extensiveness of a cometary nebula, its nucleus should
possess eltheor 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 magnetisn,
it should possess a unipolar magnetic field,

If we present the magnetlc field strength 1in a glven

direction in the chape 4 ~-r~%, then n = 3 with a dipolar
field and n = 3/2 & 2 with a unipolar field, i.e., the gra-
dicnt of the magnelic 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 pols, could produce synchrotronic radiation even at
considerable distances from the nucleus, if the inteﬁsity of
the magnetic field at the pole is of the order of 10™ gauss.

‘ Magnetic Torce lines emanating from the pole in the
dircction 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 aroumd
the latter, describing a spiral trajectory. The trajectory
radius should gradually incrcase as the electron moves away
from the pole, since the field intensity decreases with dis-
tancc.

A change in the radius is tantamount to a change in
the radiation frequency of the pelativistilc 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 of a given
energy can produce radiation In the optical range only &t 2
definite distance from the nucleuil

For example, at E = 10 electron volt, the opti-
cal range from 3,200 A to 7,000 A radlates within & range of
intensity from Hy = 2.2 + 10-¢ gauss to Hp = 5 » 10=3 gauss.

: Although we do not know the exact law for the de-
creasge in intensity of the magnetic fleld of the star's pole
with distance, there 1s no doubt that at some dlstance from..
the nuc¢leus ry the flrst condition will be satlisfled, and
at ro the second condition. AL & different magnitude of E,
we shall obtain different magnitudes of rj and rp.

Thue, depending on the camposi%ian ang uniformity
of the beam of relativistic electrons, maximum brightness may
oceur at any distance from the nucleus.

When several beams are simultaneously present and
they are more or less uniform (monochromatic), but with 4dif-
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 compositlon of beams, the bright
regions (epots) wlll drift, and may even disappear.

Finally, if the energy spectrum of the relatlvis-
tic electrons 1s continuous, then instead of spots, there is
& 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 phenomensa of thelr nature. As we can see, the hypo-
thesis of relatlvistic electrons ejected from the nucleus of
the nebula gives a simple and conclusive explanation of this
phencmemon, The pilcture of & 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 possilble
osclllations of the magnetic field intenslty.

The mean concentration of relativistic electrons
Nein the nebula 1s determined from the assumption that the
integral brightness of the nebula is a function of contlnuous
synehronous radiation., Assuming that the spectrum of relatls
vistic electrons 1s continuous and that it 1s represented by

the foram
Ne = KE

for concentrationt in the nebula of relatlvistlc elaectrons
which have an energy greater than E,, we will have

- 1 K :
Af‘(‘e>5°)”?:7“£;17' o (1)



where K is determined from the-relation
' ¥t '
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Ko H__ .?wm{;zgm,,g
ol S R

_ oy =X
el A S (2)

where H is the magnetlic field intensity in the niddle sectlions
of tne nebula; R le the mean jinear extension of the nebula
along the visual ray; £k ils the apparent surface of the nebu=-
1a in steradisns; my 1is the apparent bolometric magnitude of
the sun; Fg 1 the Potal stream of radiatlon of the sun;
Mg 1s the integral photographlc stellar magnitude of the ne=-
bula; 4y pg L8 bthe 1atitude of the spectral interval in fre=-
guency units; v 1s the mean freguency of the photographic re=-
gilon of the spsctrum. ‘ :

Gy} s a function depending on y and assuning

Tue:
valuesg . g 3 4 5

Coy 04108 0,95-40-4 2,85-40% 8,70- 104

~ The application of (1) end (2) to & known comebary
nebula NGC 2261 Xields at v = 5'x5', mpe=E 10%(3), R = 10+~ cm
andy = BNe(E:>10-2)4510-120m'3 at H = 10~2 gause,

, rhe ionization of hydrogen atoms in cometary nebu-~
lze takxes place under the effect of ultraviolet syunchro=
tronic radistion which ls generated in the nebula. Proceeding
fromn thisg, it 1s possible to develop the following formule to
determine the electron concentration of common (thermal) elec-
trons in the nebula:d : - .

2 Wy & } _,_.ﬂ '
P = “”“‘fn-—up{ 2 (3)

23 Al
, L xM ) | v
whereAw =COYDRH™2 © thand »u are the equivalent latitude

and Treguency of the emission line HX; 2Z3 = n3/n+ne and it 1is
taken Trom (4); Azp 1le the finstein coefficient of spontaneous
tpansition of hydPogen 3 7 2. For MGC 2261, this formula gives
st Wt = 1268 = 0.88 ¢ iol3 sec=l (5) and y3 42 cm=2, which
15 less by two orders than the electron density of planetery
netulae. ' '
' There is reason to assume that the optical thicke-
ness o in the freguencles of ultraviolet radiatlon (Lg) is,
for some comeiary nebulae (¥3C 2261) much grester than unlitys
The formula of lonizatlion of hydrogen in the nebyls, when lo-
nization takes place by means of synechrotronlc ghort=-wave pra-

diation, at T, >» 1 ln the shape

8, . AT
o4 ALy G g e 12 N
ny CORY T+3 "1’%"’ vg N {)



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

y-1

Xe(wy) ' ~x-—-% -~
nl = 0,115 g RAG o 5)

where Xo(tU)) 1is determined fpom the curve increase formula

(6)

w Avy ¢ : :
oo\ e+ xota 0 O®
0 : .

g1 and 82 are the coefficients of selective absorptlon, cor-
ra;pondingly in the frequencies of llnes L« &nd Hgs; o= 5 e
10%4; o 1s the frequency of 1onization of hydrogen; Xo 1s the
coefficient of contlnuous absorption per one hydrogen atom,

The application of (4), (5) and g6) to NGC 2261 yields
at w(hg) = 3&(5) and y = 3 ny = 170 cmn™~, nt+/ny 2z 0.1,

Thus, in NGC 2261, the overwhelming part of hydrogen
atoms is in & neutral state, and the degree of lonization is
very low. Under these conditions, the optical thickness of
the asbuls in frequencies of Lg-radiation is obtained ~ 107,
and in the frequencles of lines of the Balmer series of hy-
drogen, of the order of unity. »

: Synchrotronlc radiation should be polarized, and the
plane of polarlzation should be perpendicular to the magnetlc
inteneity 1line at the glven point, and the theoretical degree
of polarization very high =- of the order of 70 percent (7)e
Since the magnetic intensity iines of the unlpolar field in
the region of the cone of the cometary nebula are in the ap=~
proximate shape of atraight rays, therefore its continuous
radiation should, in the first approximatlion, be polarlzed ra-
dially to the nucleus, and the degree of polarization shoudd
be sufflclently high.

What has been said above is conflrmed by data of polaw-
rimetric investigations made in respect to NGC 2261, by E. Ye.
Khachik'yan (3) and N. A. Razmadze (8): they obtained radlal
polarization. The mean degree of polarizatlon over the enti-
re nebula was found to be 16 and 19 percent, respectively,
and 1in some points of the nebula 1t reached 50 to 60 percent.
Thus, the results of polarimetric investigations also spesk
in favor of the synchrotronic neture of the luminosity of co=
metary aebulae,

The hypothesls of synchrotronic radilation of the lumi-
nosity of cometary nebulae glves also a satisfactory expoana-
tion of other phenomena observed thesrein, and in particular of
the formation in the spectra of lines of emisslion and lines
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bf absorbtion,

Byurakansk Astrophysicsl Received
Observatory of the Acade- September 3, 1959,

my of Sclences Arm3SR

-Bibliography

1. Ambartsum'yan, V., A. Soobsh. Byurskansk. obs. {Publi-

"~ cations of the Byurakansk Observatory), 13, 3(1954).

2, Gurzadyan, G. A, DAN, 120, No. 4, 734(1958}.

3. Kha?hiég?n, E. Ye. Soobshech., Byurakansk, obs, 25, 67

19 .

4, Cillie, G. M.N., 92, 7711936} .

5. Greensteln, J. Ap. J., 107, 375{1948) .

§. Ambartsum'yan, V. A., Mustel', E, R., Severnyy, 4. B., So-
bolev, V. V. Teoreticheskaya astroflzlka {Theoreti-
cal Astrophysles), Moscow, 1952.

7. Gaibyan, G. M., Goldman, I.I., Izv. AN ArmSSR, ser, [lz,-
matem, cestestv, i tekhn, nauk (Herald of the Acad.
8ei., ArmSSR, Serles of Physicasl-Mathematlcal-Natural
and Technical Scilences), T, 31(1954). ‘

8. Razmadze, N» A. Byull. Abastumansk. cbs. (Bulletin of
the Abastumansk Observatory), No. 25(1959).




080: 3621-N/b

ULTRAVIOLET BADIATION AWD THE
EXCIZATION OF OXYGEN LIWES IH
THE CHROMOSPHERE

[Following is & trensiation of & paper writien

by G, M. Hikol'skiy and published iu Doklady A~
kadenii nauk S8R (Papers of the Academy of Sclen-
ga& G?%R%, Astronomiye (hstronomy), Vol. 130, No.
¢ L9060,

(Presented by Academicisn V., G. Femenkov, on August 25, 1959}
Multiplets of OI,(the system of quiuntets atl AR TTTL.95,

7774.18, and 7775.39 and the system of triplets at Ax 8446 .35,
8446 7% and 8447,66) sre charscterized by a felrly high excl-

tation potential (about 10 ev) for their upper stetes. Figu-

re 1 shows an energy level dlagrem for 0I. The lower states
¢f the multiplets, on coupling with the sdjacent ground sla-
te, produce lines at AN 1302,2, 1304.8, and 1%06.0 {triplets)
and ot 2X1355,6 and 1358.5 == fnrbié&?m 1ines with respect
+o mpin, Amerlcan rockst observations 1} have recorded both
groups of ultraviolst lines in the solar spectrum., Sincs the
continvous solar emission in the wavelength intervel coxres-
ponding %o 10 ev is negligible, a&n eiectron collislon must be
source of excitation in the inlitial states for M3 8486 and

7774 (3Pp,3,0 and SPy 2,3},

However, in the case of triplets, & dovwnward cascade
process from the next higher level b39§ 1 may be the mecha-
niem whick popwlates the initisl statd’ Py q,2 for the A
8446 emimsion.

The “D3 » 1 level ie excited by the chromospheric e-
wigslon in the L 1line at 1025.75 A.

For a1l intents and purposes, here_we are dealing with
s rTesopance process: the energy of level 3D corresponds te A
1@2§m7?ﬁﬁ, while the width of the L2 line is somewhat less
tm. 1 ] &

This mechsnism, in its application o the oXygen of
the &%ggh'ﬁ stmosphere, was first ezamined by P. 8. Shklov-
skly . But for s number of reasons, the attempts 16 dise
cover the expected (accerding to (2)) twilight burst at A
8446 have proved uwnsucceseflul.




Let us examine the actlonpf this mechanism under solar
atmosphere conditions. With this in miund, by solving the mi-
crostability equation systems separately for the 0I triplets
and quintets, we will £find the cccupatlon nunber of the inie-
£l stetes for M 8446 and 7744 [siecl, teking into ascount
the Ls radiation. We sbhall asslgn aunerals to the sistes
(Fig. 1) and limit our exsmination to four. For simplicity
we can neglect the loosely related processes. The sclution
takes the form:

A A ' k
W?;:‘)aéés - Asx&xi(smpz‘ﬁ + bis). ' ()

iz

puame Yy

) et b
ns Jeme BaiPeds e

@

Here, nq 1s the occupsation number of %the ground states 3P; A
and B are the Einstein coefficients; b 1s the electron colw~
l1ision excitation factor:; and A is the radlant excltation
energy. Let us note that in deriving (1) and (2), we have
teken into asccount the insqualities A => BP > b which are va-
114 for the chromosphere (with the exception of f = fg, and
4 for intercombination transitioms). ~

Ts evaluate the terms in Expressicon (1), we shall ag~
sume thet the chromospheric emission in pﬁ can he represen~
ted as black-body radistlen with T about 5,0000; the elec-
tron temperature and concentration in the lower chromosphere
are Te = 5,0000 and Ng about 1012 cm~3; the mean magnitude
of the effective cros section, excited by eleciron callision,
15 of the ges knnetic order., In general terms then,

. L kT By, , .
ﬁmp,_ﬁw/%ﬂ'%’lﬁ T bzﬁmN¢5<_;¢~,;1£> 1o e ,BMpLﬁ/%w!O. (3
T4 should be noted that this evalustlon 1is & strong
function of both the assumed values for the LA ~radiation
intensity and the electron temperature Ty of the chromospheare,
Nevertheless, the emission lines at A 8446 must be
gubstantielly stronger in ‘the regloms of the chromosphere
wiih increasced radlant energy of LA radiation.
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"Fig. 1. OI energy level dlasgranm. Triplets and

quintets.

HBow great is the ratio of the intensities In ihe chro
mospherie lines Igyug/I7774? When A BA446 is not excited by
L4 radistion, this raéZc must be smell., This follows from
the metastability of the lower level 58 for A 7774 and from
the effective dlscharge -~ the permitted transition of exci-
ted stome from the anslogous state 38 for A 8446 to the
ground state JF,

When the absorption lines AA 8446 end 7774 appear in
the dense layers of the solar atmosphere, exoliation is de-
termined primarily by collislons and 13555/1 48 must be
close to unity. This is conflrmed by an evaZZétian of the
eguivelent widths, using (4 to 6).

The features of the excitation of chromospheric lines
at 8446 meke possible the measurement of the intensity of
L2 in various reglons of the chromosphere. Despite certain
definite problems in observing the extremely weak infrarsd
iines of 0I in the spectrum of the chromosphere when there
is no eclipse, this method has a number of advaniages when
compared to rocket observations of La.

Let us note that because of the greatl optical density
of the chromosphere in the lines of the Lymen series this
method only provides dsta on the radliant energy of the Lpg ra-
dieslon in those lasyers of the chromosphere where the emig~-
sion line M 8446 is formed.

In setting up this type of observation, it is conve-
nient to record Mh 8446 and TT74 at the same time, since the
ratio of intensities according to (1), (2) and (33, is inde-
pendent of electron concentration end is a consideradbly
weaker function of electron temperature then each line by
#{gic ],




iteelf.
The condlitilon Ig@@@/I?ZZqu»%Qia & direct indication

of the sdditionsl excliation 46 due to Lz rediation.
jnetitute of Terrestrial Subtmitied
Mugnetisn, lonosphere aund Lugust 20, 1959

Radioweve Fropagatlion of
the Acsdemy of Sclences UBSR.
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GRAVITATIONAL INSTABILITY IN PLANE
ROTATING SYSTEMS HAVING AXIAL SYMMETRY

(Submitted by Academicilan L. I. Sedov, Aug.‘}l,‘l959)

fPollowing is a translation of an article by
Vo 8. Safronov which .appeared in Doklady ARa=
demil nauk SSSR (Papers of the Academy of
Sciences USSR), 1960, Vol. 130, No. 1.]

The generalization of Jeans'(l) classical condition of
gravitational instablillity was made by Chandrasekhar (2). It
was an analyels of an infinlte uniform medium rotating about
a certain axis z at an angular velocity which 1s notl a func-
t3on of the distance from the axis., Chandrasekhar found that
the Jeans criterion remalns valid for disturbances spreading
out in all directions, except those which are strictly per-
pendicular to the axis of rotation. In the case of dlstur-
bances perpendicular to the axis, gravitatlonal instability
occurs only if the density exceeds the critical value ‘

- - Qﬁ.
P>:pxpw;§ew ) (3)

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

They caunnol possess instability about z, and we can on-
1y speak of a gpread of disturbances and of the emergence of
instability in a plane perpendicular to the axis of rotatlon,
1.e,, precisely when the Jeans criterion 1s inapplicable,

: However, even for that instance the quantitative esti~
mate of Chandrasekhar {1) should be subjected to a reapprai-
s5l, First of all, because in actual systems the velocity of
rotation is not constant and depends on r, if only for the
reason that there is usually a concentration of matter toward
the center, and secondly because the dimension of the systenm
in the direction of axis z 18 considerably smaller than the
‘dimensions in directions perpendicular to z. The physical un-
reality of systems extending infinitely 1in the direction of
the axig of rotation 1s particularly emphasized by K. F. O0g0~
rodnikov (3). A

11




The following appraximéﬁion has actually been made by
Bel and Schatzman (4). They assume that the velocity of ro-
tation of & system 18 & function of r. Analysis was made of
disturbances which spread ln & plane perpendicular o the &=
xie of rotatilon and which are gummetrical relative to this
axls,

However, the authors only analyzed & two-dimensional
instance and the Polsson equation for the potentlal wes writ=
ten in the form v

4 8/ @
e (r-a;; Srp) =~ A2 (8p. (2

This means in reality that the system here considered
wag also extendling infinitely along axis z. Since the gravie
tational force of a flat cirele is considerably lower than
the gravitatlon of the corresponding infinite cylinder, it
should be expected that the condition of gravitaticnal insta=-
pility obtained by the authors

» é ‘: ‘L
axGp> 22 (ory + 55 + &= 3

would give a lowered value of the critical denslitiy. o
71t is the purpose of this article to find the value of
the eritical density for & real flat rotating cloud. We shall
assume, like the aforementioned authors, that the axlsal synme=
try of the tloud 1s maintained at all times, and that conse-
guently the disturbances are radlal (circular). An analysis
of condition {3} shows that 1t represents a balance of forces
acting upon an element which was displaced, as & result of &
wave @isturbance, in a radlal direction by & magnltude Sr=1,
without a change in 1ts moment of quantitative motion relatlve
to the center of the system. The left-hand member characte=
rizes the gravitatlon of the cylindrical circle in agreement
with the Poisson egquation (2), the first member on the right-
nand side is a force which returns the displaced element to
the former orbit and which 1s assoclated with the stabillty
of circular orbits, the second member on the right~hand side
is the gradient of gas preasure produced as a result of the
disturbance, 1l.€., also & force returning the element, and the
last member is very spall compared to the prior, and can be ne-
glected. ' v
Going over from & system which 1s infinite along 2z O
flat systems, only the left~hand member in the inequality (3)
will change which 1s asgsoclated with gravitatlon. In order
to determine the component force of gravitation down the r
of the circle and having a density &g, it 1is now inconvenlent
to use the Poisson equatlon, since the additional component

12




@854/i22 will enter into the Ieft-hand side (2). It 1s the-
refore expedlent to caleulate sF. directly.

- Let r be the distance from the axls of rotatlon, h «-
the distance From the central plane of the cioud, The conpo=
nent of the gravitaticnal force along o at polnt ry in the
central plane, the force being the result of the disturbance
8?’ equals '

¥ j
3F, =G T?kam&v—-rgmﬁ&g
| Y rdenrlomeng® © (4

7oA - &

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

5!“,”;‘5{@?‘!&% -iﬁii-é“&f} [2§+F’+2’ 5_”1{}&&2 p_—
. "‘&5“3«} ‘- Y6z )

where el S8
=Tl =R =k A,
V== b=g 255 250
= w’e
K= | o e { VT=Famgeg, b= gttt
g Vi@ p @+gr+

When- the length of the disturbing wave A and of the se~
mi-thickness of layer hg, which are smzll in comparison with
distance rg from the axis of rotation, megnitudes y and z are
small, and k 1s close to unity. Elliptical integrals and o=
ther functions entering (5) can be expanded 1Into a geries and
1imited to the first members (5):

! ! -
.Exs.p»z-(ﬁ.m-i-}m-;—..., KeAs 2Tl t o,
where k'2 = 1 - ke, N = lnr%? . With an accuracy to the in-

finitesimals of the second order y2, z2
Ex 14 f5 16102 L —In (s + 25"+ 27,

.

Ka3in2—gin(e* £2) + 53 2 —1—FIn (s + 2] (" + 2.

Sty 1 y_f
e~ 5 —%5)
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Then, the subintegral function in (5) will equal

y By
ol g, 2= (1 4L A 3ot Lingrray 4
AR £ %4 8 Z (

i 3 F ! i1
g 0 2|3 2—In 4 2 +

+ ;;%lif{t + %{3 In 2 = — 5 In(y* + z’)}(y’-s' A1 (6)

Since §P (- y) = ~ §p (y), the sum total of values (6)
at points +y and -y is changed into the difference f(y,z) =-f

(-y,2z)s Hence "

om0l § it

6 &

LT -
+olg—% I+ g+~ [ aves. @

The second right-hand member 1s small compared with the
first, and we can neglect 1t. We integrate (7) along z, taking
out as a sign of the integral the value of 5f , averaged along
Z: s
3Ff‘m wfggépafctg %dg“ {8}

]

In the case of a usual sinuslodel disturbance with &
maximun displacement br at point rg and at & constant thilckness
of the layer 2hp

o L &t _cos
s [Seain F, — ety cos o &
When A «< rg the second member can also be neglected,

Then

8F, = 4=Gof (B} br, , {10}
whers H : '

. BY 3

f(&}wgsiﬁ«ff. arcttg%éxy Bow o, 1))

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

0o ® > 2 (wrty + 55 (12)

The function f( £ ) has the following values:

E es 3 4 &+ B» u
F(€) 096 064 043 034 028 023 0472 0,424
Hence, 1t can be geen that a correction toward the ma=-
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gnitude of the critical density 18 considerable and that it
is & function of the ratio of the length of the disturbing
wave to the thickness of the layer.

" We ghall now find the value £, at which the eritical
density, which 1s a prerequisite of grevitational instabllle
ty, is minimel, We shall take advantage of the relatlon bet-
wesn the thickness of layer H and density ¢ in 1is central
plane, found by Ye. L. Ruskol (6):

S 2 . .
H=1/ 2L, | (13)

where i
4 , .
1,,.,._....8 & o= (14
24 Vi—ug—1gu Inu fo

¢# is a density whlech will be obtained if the mass of the cen~
tral body is equally distrlbuted within the sphere of radlus
r. Tabulating this integral ylelds the followling dependence
of I on §o/¢%:
: et Y % % 5 1
I Q868 087 094 088 0975

From (13), we obtaln
4%

e = 4xG ;&ﬁgs . (15)

For a system whose rotatlon 1is determined chlefly by
the gravitaetlon of the central mase (the solar system, outer
parts of the Galaxy)}:

ot = VEHE, 22 (ot == £ #Gp. (1)

Then the condition of instability will be written in
the form

p> 105 +HE). (17

Value § represents density averaged along 2z, and hence
1t is smaller than §g. However, 1if we integrate {7) only e-
long the layer of thickness 2hg = H, which does not include
all the mabber of the cloud, we have alsc loweredd Fy ln {8}
tc a certain extent. In order to take into acceount the gra-
vitation of the entire layer, the value § in (17) should be
somewhat increased. Numerical estimates show that §22 0.9 ¢
depends little on § .

Taking this into account and using numerlcal values for
f(§ } and I, referred to above, we can find the critical value
of ¢ g, which will satlsfy the condition of instability (17).
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The results of calculations at ¥~ = 1, yleld:

E & & B W 15
poxpfe” 68 23 24 22 24

Thus, the critical density requisite for gravitationsl
instability which, as 1s well known, depends on ), proves to
be minimal at & length of the wave of disturbance equal %o 8
times the thickness of the cloud H, In decreasing N 1lts in-
cresse will depend on the increase of the second component in

(17}, associated with the usual oriterion of Jeans., In ln-
cressing A, the maln part in (17) will be played by the first
component assoclated with the rotation of the system. In this
ins tance, the critical density increases as a result of an lne-
evease of £~~(§ ), which indlcates by hew many factors the gra-
vitabion of thé flat circle is smaller than the gravitation of
the eylindrical cirele, extending infinitely along z. The mi-
nimal value of the critical denslity Sep = 2,1 ¢ % 1s greater
then the critical density 1/3¢% by a factor of 6, whlch had
been obtained by Bel and Schatzman for a two-dimensional ins-
tance, and it is also greater than the instance found by Chane
aprasekhar. Thus, the conditions for gravitational instabili-
ty in the interstellar matter of the Galaxy prove to be more
rigid than obtained before. '

Institute of the Earth's ' Recelved
Physics imeni O, Yu. Shmidt of August 14, 1959,
of the Academy of Sclences USSR
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