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greatest and the least diamefers of the
projections of the nebule on the sky. We
may notice here that E, nebule are almost
circular in shape as in this case b > 0-95 a.

Among the spiral nebule 2 much larger
number consists of a circular nucleus from
which two or more spiral arms emerge,
whereas in the second type of spiral nebula
whose number is much fewer the arms
appear to emerge from the ends of a bar-
shaped mass.

The remaining- 3 per cent. of the nebule
including the two Magellanic clouds are of
irregular shape.

The spiral shapes of the nebule raise
great difficulties and several theories have
been suggested to explain them. We shall
discuss briefly the more important theories
in this paper.

1. Jeans’ Theory—Jeans worked out
the case of a rotating compressible mass and
obtained a series of configurations with
increasing rates of rotation. The surfaces cf
equi-density will clearly coincide with equi-
potential surfaces. HHere the minor axis
OZ is the axis of rotation. Over the bound-
ary we get v 4 1o? (2® 4 y?) = constant.
Where o i8 the angular velocity. If v, be
the potential at any point of the equator
and v, the potential at one of the poles,
v, = v, + Lw?a? (where a is the equatorial
radius). If p is the mean density and b the

* Trom a lecture delivered at the Mathematical Con-
ference, Lucknow, March 16, 1938,
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UBBLE found that about 97 per cent. . - v M
of extra-galactic nabul® fall into two Pola¥ radius, then M =47 p a®band v = a
classes which are more or less regular in M
shape, viz.,, (a) those which have no spiral 2andv, —ZI;F approximately.
arms and are ° elliptical ”” in shaype, (b) those 4 >
which possess ‘‘true spiral” forms each Jeans thus finds that =5 — _¢ - WwWhere
form consisting of a central region which is 3 2myp
rather vaguely defined and from which two ellipticity ¢ — ~— b, From cbserved ellip-
spiral arms emerge. a
o ticit . -
The elliptical nebule are classified into y ol I:fzb wlar forms we cen find the
eight types, namely, E,, B,, B,, E,;, E,, E;, values of .—, and a method can be found
E, and E,, the numerical integer being LY
4 — b - out for calculating g.
nearest to 10 . ot where a and b are the Bok has applied Jeans’ method to

Roche’s compressible model of a massive
point nucleus surrounded by an atmosphere
of negligible fotal mass. He has further
assumed that this configuration is rotating
with uniform angular velecity arcund 1he Z
axis. As before the surfaces of equi-density
would coincide with equi-potential surfaces.

Let us consider the equatorial sect'on of
the configuration. We have at the equator

if £2 is the total poteuntial Q = 'yi{ - 3wa®,
. dp ads2
Also if p be the pressure then, =P g

‘ dp v M 5 )
Therefere = p(ﬁ— > -+ wi

If a 1s small then ZB—J ~> >~ wig and @
a? da
negative, and so this is a stable configuration

since p decreases as ¢ increases.

The pressure gradient vanishes for the
vM

w?’

18

value a,, where a3 = we then get 0Q, =

2

fwlag? = § (wyM)®
So the equation for the limiting equi-
potential surface becomes 1 w? (x* 4 %) 4

M
T = (yM) £,
The critical value of the mean density is
2
obtained from ——— == 0-38.
2myp

Bok suggests that for o > Po, the_ surplus
matter would probably stream out In equa-
torial plane,
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Jeans supposes that ag soon as the ellip-
soidal nebule becomes unstable, gas will be
ejected ouf in the equatorial plane along the
spiral arms and ultimately stars would be
formed by condensations along these arms.

The main difficulty in Jeans® theory ig
that he supposes that ellipsoidal nebule by
their very nmature are ga<eous in composition
and this is not corroborated by observation.
His theory rtiles out the possibility of star
clouds existing in ellipsoidal nebule. This
is also net verified by observation.  Our
own galaxy is probably & highly flattened
system of ellipsoidal form and is known to
contain many star clouds.

Lindblad has also caleculated the mass of
the Andromeda nebula and he has found
that the lamnouns part of the nucleus is
composed mainly of stars like our Sun.

The observed spectra of ellipsoidal nebule
cannot be explained by Jeans’ thecry about
their composition.

Jeans’ theory would glve 2 long-time
scale for the age of stars which are believed
to be formed 1 the spiral arms of the nebulx
but Bok has pointed out that long-fime-secale
presents many difficulties which would
disappear if you accept the short-time-scale.

2. Brown's Theory.—Brown assumes that
originally every spiral nebul® was a highly
flattened " homogeneous ellipsoid of revolu-
tion inside which the gravitational force of
attraction is of the form —Ax, — Ay, — Cz.
Later on, minor wvariations in the uniform
density are assumed to be due to perturb-
ations caused by rather cloge encounters
with passing galaxies. These perturbations
also lead to the formation of the spiral arms
of the nebule. Brown further concludes
that after the encounter the spiral arms
egradually coil up and the nebule ultimately
reverts to its original ellipsoidal shape,
According to him fhe spiral form is not a
permanent structure and 1its formation 1s
being repeated more or less periodically by
encounters.

Inside the homogeneous ellipsoid of revo-
lution all stars will have the same angular
velocity. DBrown superposes on the uniform
density, the additional small density

0,0 == A UOS (296 — 2¢ log ; — 2@) sin2Q, where

A < < constant density. Here r and ¢ are
the co-ordinates in the equatorial plane and
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@ is the angle which the radius vector makes
with the polar axis. We now see that

¥ : :
¢ — ¢ log o o 18 equation to a2n equi-

angular spiral.

- We may also notice here that the factor
8m* § in the superpcsed depsity leads to
rapid density decrease perpendicular to the
€quatorial plane. Herc ¢ is the tangent of
the angle which the radius vector makes with
the tangent at any point of the spiral. As
the superposed density is a periodic term,
It may cause the resonance trouble. So in
Brown's theory it is necessary to add another

term d,0 = — u log 3 , where p is of the

same order of magnitude as A. This extra

term leads to a gradual density decrezse as
r Increases,

We also find that on account of super-
posed density the rate of angular motion is
slower in the front regicns than in the back
regions. Hence it leads to the gradual coiling
up of the spiral like & wateh spring,

Assuming the density of galaxies in inter-
galactic space to be 10-7, Brown calculates
that in every 102 years there will be an
encounter which would lead to spiral form-
ation. There is one great drawback in
Brown’s theory—apart from the small
superpositions he assumes uniform density
throughout the galaxy even perpendicular
to the equatorial plane; but this is not
borne out by observation. Moreover there
is also no evidence yet 1o show that spiral
formation is a periodic phenomenon.

3. The Theory of Vogt 11  Lambrecht.—
In accordance with this theory meoest of the
mass of the spiral nebule is supposed tc be
concentrated in the nucleus. So that every-
where outside the nucleus the gravitational

1
force may be taken to vary as L
distance from the cenfre of the nuclens. In
addifion to the force of attraction they
assume that there is also a force ot repulsion
proportional tc the distance from the centre

1
If A is the areal constant, @ -= .

r being the

of nuelens.

and 0 is the position angle, we get our
d*u yM o’
agE Tt TR hiy®

equation From this
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we get,

8 -+ const. = dr ‘
2 2}/M az?.z 1
? '\/ ThE T R TR T

If «® has a small value between 0 and yM

3
then spiral orbits will be formed. For large
values of g2 convex hyperbolas will result.

Vogt finds that for Andromeda nebula o2
1 oM
50 ¢35

Critictsm  of Voglt's Theory.—The main
objection to Vogt and Lambrecht’s theory
is the assumption of the force of repulsion.
They did not give any explanation of its
cause. It 1s analagous to cosmic force of
repulsion in Einstein’s theory of Relativity
which 18 believed to expalin the so-called
phenomenen of recession of grlaxies. The
theory does not satisfactorily explain why
should there be two arms in the spiral nebulz.
Lambrecht tries tc explain it by ascribing it
to encounters. Moreover there is no justifi-
cation im assuming that the mass is concen-
frated 1n the nucleus. Hacker has also
criticised Vogt’s thecry., He has pointed out
that the spiral orbits would also have a
point of inflexion. Moreover the form of the
spiral orbit as given by Vogt’s theory does
not very well agree with the observed spiral
arms of the nebule. The orbit according to
Vogt’s theory proceeds rather steeply out-
wards after reaching the point of mnflexion,

4. Lindblad’s Theory.—Lindblad assumes
that there is a small condensed nucleus
which i8 surrounded by a spheroidal galaxy
of stars of uniform density from which
spiral arms emanate. He takes the mass of
the nuecleus to be AM and the total mass to
be (A 4 1) M. For orbits in equatorial plane
Lindblad gets the equation

is small and equal to

du\° 2 f
&@ —= H2 "l- ?’:‘2 f Ez du,
where [ =
AayM - 3 ryM ae , /1 — a%* Ef]
= IEW — g +arcsmr

where ¢ is the eccentricity of the meridional
section, a is the semi-major axis and § 18 the
longitude. f is measured positively towards
the centre. The first term in f arises from
the nucleus and the remaining terms from
the outer ellipsoid of revolution.
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After substituion and integration we get

A \2 3 yM 1
RN L2 D 2
d@) wh 2 hiagde ]:(ga’ e“rrﬁ)

a V1 —a?e2y?l 4

+ haaeu] + e.

e S

Lindblad has proved that tidal action will
cause a slight perturbation which will not
change h but will increase ¢ by a small
amount d¢. Lindblad has put symbolically

arc sin aeu -+

N _ d% 2
the above equation as ('ﬁ = ¢ (u) + ec.

1

If — be the semi-major axis of undisturbed
0

elliptic orbit just before perturbation, then
the spiral form would be possible provided
®" (uy) 18 positive. If ¢” (u,) 1s negative no
spiral form is possible. So when ¢” (u,) =0,
we get the transitional case. If there be
little mass io the nucleus, that is if Ais
small, there is great possibility for the form-
ation of the spiral arms.

Lindblad’s Recent Investigations.—In a
recent paner Lindblad has assumed that the
stellar system may be divided into a number
of sub-systems of approximately the same
extension in the galactic plane bubt with
different degrees of Aattening towards this
plane and different speed of rotation at the
same distance from the axis.

The sub-system of greatest flattening
towards the galactic plane is represented hy
the Milky Way clouds and one of the smallest
flattening and smallest wvelocity of rotation
is represented by the distant globular culsters.
He also assumes that no given mnatural
system of objects would belong to a single
sub-system, but would spread over a pumber
of such sub-systems. Spectro-graphical
determinations of the rotational motions of
the nebule show a fairly uniform angular
speed of rotation in the central parts of the
systems. It is extremely probable that in
the outer less dense regions, the angular
velocity is far less than in the central parts
and that in these regions 1t decreases
rapidly.

Perhaps the transition between these {wo
states of motion is fairly rapid. Lindblad
has shown that asymptlotic spiral orbits will
naturally oceur in such cases. Moreover due
to the oscape of high velocity objects and
rormations of condensations all rofating
syatems will become flattened with age and
the condition that is necessary for formation
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of asymptotic spiral orbits will automatic-
ally be realised after some time.

Lindblad has shown that in the outer
regions of the central system there would be
a marked tendency towards a formation of
iocal condensation of matfer., Ie gsuggests
that as the result of an encounter between
two snch condensations near the edge of the
spheroidal system, one econdengation may
move in an asymptotic orbit and cause the
" initial disturbance '’ to produce the spiral
form. So according to him tidal ejections
due to outside cause such as encounter with
passing egalaxies, are not essential for the
formation of two or more spiral arms.

Lindblad has also snggested, contrary to
Yogt, that the points of ejections should
have a tendency to recede relatively to the
matter at the edge cof the central system in
opposite direction to the rotation. It is
quite possibie that these peoints of ejections
may be fixed in space. According to
Lindblad when the spiral arms ave {airly thin,
the decrease of size and mass of the central
system may be neglected and spiral arm may
without much error be supposed 1o indicate
the real orbif of a single particle of the arm
(M. 81). In the case of nebule of heavier
arms continuous decrease of the central body
by the formation of arms must be taken
account of and the arm ne longer represents
exactly the orbit of one of its particles (M. 51).

Lindblad’s theory seems to be much niore
tenable than any other theory so far put
forward as he does not make any untenable

assumption ccncerning the structure of ellip-
soidal and spiral nebule.

Wellman's Theory~——Wellman has assumed
that a slow expansion of the system due t¢
a secular decrease of its mass would make
all elliptical orbits of the system take the
shape of very close spirals. He assumes that
there 1s a difference in the rate of expansion
between outer and inner orbits and that the
gpiral arms are the loci of the ejected matter
that comes out as a steady outflow from
diametrically opposite points of the system.
Although these assumptions are very inte-

resting thev can hardly be applied to the
a.ctuml Sy stem.

Jehle has tried to explain the spiral arm
by genecralised theory of wave-mechanics.

Narlikar and Moghe have suggested that
the twc-dimensional geodesics of an expand-
ing spherical universe have spiral arme, but
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their theory has been criticised by McCrea.

Narlikar has alse replied to the criticisms of
McCreaz.

In conclusion, it may be menticned that
no satisfactory theory about the formation
of spiral arms can be established until znd
unless we can have a more thorough know-
ledge of the constitution of the galaxy. The
reeenf investigations by Plaskett and Pearce
tend to show that inter-stellar matter
extends throughout the local cluster and
that there is a gaseous substratum involving
the local system and perhaps extenﬂmg
beyond it “ga continuum rather than a
cloud ’. They have also found that the
mter—stellar diffused matter partakes in the
rotation of the galaxy and they believe that
the whole ﬂ'ﬂlactlc system is immersed in
2 gaseous subst-ratum consisting of atoms of
various elements, the density being of the
order of 10-28, °‘ The separate afoms while
obeying the ordinary gas laws partake in a
rotational movement around 2 distant
central mass in galactic longitude 325°. The
observed rotational accelerations seem to be
the same as for the stars so that the atoms
are not subjected to any appreciable radi-
ation pressure from the central mass.”

From observational matter now available
we may accept the view that the space ip
our stellar svstem, at least to the distance
observed, 18 pervaded by very diffuse matter
in the gaseous form of a composition similar
to stellar matter and ionigsed by general
radiation of stars.

The authors are studying the problem of
the spiral arms by assuming a central rotat-
ing homogeneous mass of finite dimensions
(not small) surrounded by & rotating gaseous
and ionised matter of low density, so that
apart from the gravitational forces, electrical
fcrees are also to be taken into account.
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