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ABSTRACT

This is a second reading on the Azimuthally Symmetric Thedr§ravitation (ASTG) set-out
in Nyambuya (2009). This theory is built on Poisson’s welblm equation and it has been
shown there-in (Nyambuya 2009) that the ASTG is capable plaéxing — from a purely clas-
sical physics standpoint; the precession of the periheli@olar planets as being a consequence
of the azimuthal symmetry emerging from the spin of the Stirs-dymmetry has and must have
an influence on the emergent gravitational field. We showihehat the emergent equations
from the ASTG, do possess repulsive gravitational fieldsiéngdolar regions of the gravitating
body in question, thus placing the ASTG on an interestingapexdinfer the origins of outflows
as a gravitational phenomena. Outflows are an ubiquitousgrhena found in star forming
systems and their true origins is a question yet to be setiaen the current thinking on their
origins, the direction that the present reading takes isingtshort of an asymptotic break from
conventional wisdom; at the very least, it is a complete gigra shift as gravitation is not at
all associated; let alone considered to have anything toittothve out-pour of matter but is
thought to be an all-attractive force that tries only to sfunatter together into a single point.
Additionally, we show that the emergent Azimuthally SymrieeGravitational Field from the
ASTG strongly suggests a solution to the suppdRadiation Problenfaced by massive stars
in their process of formation,e., at~ 10 M, radiation from the nascent star is expected to
halt the accretion of matter onto the nascent star. We shatrtkfalling material will fall onto
the equatorial disk and from there, this material will berairgled onto the forming staia the
equatorial plane thus accretion of mass continues wellthagturtain value ot 10 M, albeit
viathe disk. Along the equatorial plane, the net force (withrédiation force included) on any
material there-on right up-till the surface of the star,irected toward the forming star, hence
accretion of mass by the nascent star is un-hampered.

Key words: azimuthal symmetry, core, spin, outflow, radiation prohleéng of maser.

1 INTRODUCTION Independent studies have established the existence ofscaire-
lation; the mass outflow raté1,.: has been shown to be related to

Champagne like bipolar molecular outflows are the unexpeamtel the bolometric luminosityl, by the relationship\ou: o _LO'G for
concurrently they are the most spectacular phenomenaateln ~ 0-3Le < L < 10°Lo (we shall use the term luminosity to mean
associated with newly formed stars. Studies of bipolar owtlre- bolometric luminosity). Another curious property of outiteis that
veal that they [bipolar outflows] are ubiquitous toward Higlass the mass-flow rateMo.., is related to the speed of the molecu-
Star (HMS) forming regions. These outflows in HMS forming re- 1ar outflow Moy oc ™7 wherey ~ 1.8. How and why outflows
gions are far more massive and energetic than those foundiass ¢0me to exhibit these properties is an interesting field séaech
ated with Low Mass Stars (LMS) forming regions (seg. Shep- that is not part of the present. We simple want find out whatepew
herd & Churchwell 1996a; Shepherd & Churchwell 1996b; Zhang these fountains and once we have a full-fledged r_lumerlce_lbmod
et al. 2001; Zhanget al. 2005; Beuther 2002). Obviously this points e would try to answer the above and other questions surignd
to a correlation between the mass of the star and the outfemif.it ~ the nature of outflows.

Pertaining to their association with star formation atyivit is be-
lieved that molecular outflows are a necessary part of théstaa-
* E-mail: gadzirai@gmail.com tion process because their existence may explain the agpargu-
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lar momentum imbalance. It is well known that the amount dfah
angular momentum in a typical star-forming cloud core iesahor-
ders of magnitude too large to account for the observed angub-
mentum found in formed or forming stars (seg.Larson 2003b).
The sacrosanct Lasf Conservation of angular momentum informs
us that this angular momentum can not just disappear intotitie-
ion of interstellar spacetime; so the question is where tloiesan-
gular momentum go to? It is here that outflows are thought hoeco
to the rescue as they can act as a possible agent that camags a
the excess angular momentum. This angular moment if it wteere
remain as part of the nascent star, it wowlid,the strong centrifugal
forces, tear the star apart. This however does not expldiyg,they
exist and how they come to exist but simple posits them as ialeeh
needed to explain the mystery dftie Missing Angular Momentim
in star forming systems and the existence of stars in th&icirand
compact form as firery balls of gas. As we shall see — in acomela
with the ASTG, this supposition may well have some basis.

In the existing literatureviz the question why and how molecular
outflows exist, there are about four proposed leading mattels
endeavor to explain the aforesaid: These four major prdpese:

Wind Driven Outflows: In this model, a wide-angle radial wind
blows into the stratified surrounding ambient materialpfimg a
thin swept-up shell that can be identified as the outflow gsek
Shuet al. 1991; Li & Shu 1996; Matzner & McKee 1999).

Jet Driven Bow Shocks In this model, a highly collimated jet prop-
agates into the surrounding ambient material producingradt-
flow shell around the jet (see Ragtal. 1993; Masson & Chernin
1993).

Jet Driven Turbulent Outflows: In this model, Kelvin-Helmholtz
instabilities along the jet and or environmental boundagding to
the formation of a turbulent viscous mixing layer, throughiet the
molecular cloud gas in entrained (see Cantd & Raga 1991a Bag
al. 1993; Stahler 1994; Lizano & Giovanardi 1996; Cantb, Raga &
Riera 1993).

Circulation Flows: In this model, the molecular outflow is not en-
trained by an underlaying wind jet but is rather formed byahing
matter that is deflected away from the protostar in the cktdras
of high magneto-hydrodynamic pressure through a quadaupat
culation pattern around the protostar and is acceleratedagscape
speeds by local heating (see Fiege & Henriksen 1996a; Fiddens
riksen 1996a).

All these models and some that are not mentioned here exgldin
flows as a feedback effect. The endeavor of this reading isatceem
an alternative suggestion albeit a complete, if not a rhdieparture
from the already existing models briefly discussed abovethus

we see no need to get into the details of these models. We say ou (1) for both cases of empty and none-empty space and show from

model is a complete departure from the already existing tsduke
cause — of all the agents that could lead to outflows, grémités not
even considered to be a possible agent because it is tholghtar
assumed to be, an all-attractive force. Actually, the idea gravi-
tating body such as a star producing a repulsive gravitakifeeld, is
at the very least unthinkable. Contrary to this, we show tesean
azimuthally symmetric gravitational system daesprinciple give
rise to a bipolar repulsive gravitational field and this — ur giew,
clearly suggests that these regions of repulsive graeitapossibly
are the actual driving force of the bipolar molecular outBow/e

also see that the ASTG provides a neat solution (possiblyand
strongly so) to the so-calleRladiation ProblenfLarson & Starrfield
1971; Kahn 1974; Bonne#t al. 1998; Bonnell & Bate 2002; Palla
& Stahler 1993) thought to bedevil and bewilder the formatid
HMSs and as-well the observ&ing of MasergBartkiewiczet al.
2008; Bartkiewiczt al. 2009).

It is important that we mention here as part of the epiloguthi®
introductory section that this reading is fundamental itureand
because of this, we shall seek to begin whatever argumeneele s
to rise, from the soils of its very basic and fundamental lleVhis
is done so that we are at the same level of understanding kath t
reader. With the aforesaid approach, if at any point we haenaze,

it would be easy to know and understand where and how we have

errored.

2 THEORY

Newton’s Law of universal gravitation can be written in a mgen-
eral and condensed form as Poisson’s Liasv,

V20 = 47Gp, (&)

1 2

wherep is the density of matter and = 6.667 x 10" kg™ ms~
is Newton’s universal constant of gravitation and the opntfrﬁ2
written for a spherical coordinate system (see figure 2 ferctbor-
dinate setup) is given by:

= 10 (5,0 1 0/(. 0 I
V= r2 Or (T 8r)+r25in0 00 <51n089>+r2 sin2084p27(2)

where the symbols have their usual meanings. For a spHgsyah-

metric setting, the solution to Poisson’s equation outtidezacuum
space (wherep = 0) of a central gravitating body of masst is

the traditional Newtonian gravitation whose gravitatiopatential

is given:

d(r)=— . ©)

In the case where there is material surrounding this centess
M= M(r),ie:

T 27 27
M(r) = / / / 2 p(r, 8, ) sin OdOdpdr. 4
o Jo Jo

we must make the replacemeit — M (r) in (3). We shall solve

these solutions that Poisson’s equation entails a repulsipolar
gravitational field.

2.1 Empty Space Solutions

As already argued in Nyambuya (2009), for a scenario omggttiat
exhibits azimuthal symmetry such as a spinning gravitdbody as
the Sun and also the stars that populate the heavens (wkearpdk-
pected and spectacular champagne like bipolar molecutfiows
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Figure 1. This figure shows a generic spherical coordinate systerh, thvi
radial coordinate denoted by the zenith (the angle from the North Pole; the

colatitude) denoted bg, and the azimuth (the angle in the equatorial plane;

the longitude) byp.

are the observed); we must hade:= ®(r, ). We have in Nyam-
buya (2009) “solved” the Poisson equation for empty spacktlais
solution is:

oo 241
_Z |:)\4¢2 (%) Py(cos 9)] R 5)

£=0

O(r,0) =

where), is an infinite set of dimensionless parameters with= 1
and the rest of the parametexsfor ¢ > 1 will take values different
from unity. We shall seek to determine these values fromriheo
the present reading and also propose them as a means td caitiro
flows. We will show that there lays embedded3 4 solution that is
such that the polar regions of the gravitating central boitlyewhibit

a repulsive gravitational field. It is this repulsive gratibnal field
that we shall propose as the driving force causing the emeegef
outflows. But, we must bare in mind that outflows are seen ilonsg
in which the central gravitating body is found in the immenset
of ambient circumstellar material, thus we must solve thissom
equation for the setting # 0 for the azimuthally symmetric case
(where the central gravitating body is spinning).

2.2 None-Empty Space Solutions

Clearly, in the event thas # 0 for the azimuthally symmetric case,
we must havep = p(r,0). This given, the question we wish to
answer is; what form doe®(r, 0) take for a given mass distribu-
tion p(r, 6)? or the reverse, what form dogér, 6) take for a given
®(r,0)? Itis reasonable to assume that gravitation is what inflegnc
the distribution of mass and not the other way round. TaKigds
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the case, then, we must hape-, 6) = p(®). We find that the form
for p(r, 0) that meets the requiremeptr, 0) = p(P) is

1 [20 1]0%(0) ©
47G |ror r2? o9

p(?‘, 0) =

How did we arrive at this? We have but no choice but to answer th
question. To make life very easy for us to arrive at the answer
shall write Poisson’s equation in rectangular coordinates

3 82
( W) ‘I)($7y7 Z) = 47TGp($,y, Z)7 @)
Jj=1 J

wherex1 = z,z2 = y,z3 = z. Now suppose we had a function
F(x,y,z) such that:

3.9 2
(Z 87) F(x,y,z) =0. (8)
j=1 "7

This equation can be written as:

3. o2
(5 2 ) renn= (S5 ping ) @

Jj oA

Now, if and only if the gravitational potential did satisfy)( then,
comparison of 7) with (9) requires®(x, y, z,) = F(z,y, z) and:

47rG (ZZ 8171817]) 2:9:2):

Now, if we transform to spherical coordinates, it is now uistieod

as to why and how we came to the choicepdjiven in ©). At the
end of the day, what this means is that we can choose whataver f
for @, the density will have to conform and prefigure to this setting
of the gravitational fieldiia (10). Only and only after acceptind.Q),

do we have the mathematical legitimacy to choose to mairtkesn
form (5) which we found for the case of empty space such that in
the place ofM we now can putM(r), hence thus in the case where
a central gravitating condensation of mass is in the imnraesé of
ambient circumstellar material, we must have:

0 l+1
— Z Aec? (Gﬁ:g(r)) Py(cos ),

=0

p(z,y, 2 (10

(11

where M(r) has been defined in the Appendix. We believe this
answers the question “What form doeér, ) take for a given
®(r,0)?” and at the sametime we have justifi@d) iz how we
have come to it. Importantly, it should be noted that the olexk
radial density profile is maintained by the choid®)( i.e. p(r) =

fo 72 p(r,0) sin 0d0dr o« r~*¢. Also important to state clearly
is that aII the above implies that the gravitational fieldvisat in-
fluences the distribution of matter — this, in our view, restes both
with logic and intuition.



4  G. G. Nyambuya

3 THE UNDETERMINED CONSTANTS X,

As already stated in our earlier reading (Nyambuya 2009, @
the draw backs of the ASTG is that it is heavily dependent on ob
servationdor the values of\, have to be determined from observa-
tions. Without knowledge of tha}s, one is unable to produce the
hard numbers required to make any numerical quantificatioas
theory incapable of making any numerical quantificationssisless.
To avert this, we shall make use of the solar values of\{hedeter-
mined in Nyambuya (2009), by makingeasonable suggestiand
give a general form for these constants.

(1) First things firstjf the constants\, where all independent of
each other, then, the theory would clearly be horribly cocapéd.

If we take as guide the philosophy of Occam Razor of the siitpli

of a theory, then, these constants must be dependent on #erh o
somehow so as to reduce the labyrinth of complications. The s
plest imaginable such dependenceis= F'(¢)\1; in this way, the
entire system of constands is dependent on just the one constant
A1

(2) Second, we could like that on a practical level, only tee-s
ond order approximation of the theory must suffice, this raeae
terms? > 3 must be practically negligible. We have already shown
in Nyambuya (2009), that the second order approximatiorhef t
ASTG is able to explain a sizable amount of anomalous observa
tions. With the ASTG written in its second order approxiroatand

as we will show herein, one is able to explain from this seamnoier
approximation, the emergence of bipolar outflows as a grtwital
phenomena without much difficulties. If the other terms elythe
second order approximation become practically significame will
have difficulties to explain outflows. So in a way, we are nahgao
pretend but clearly state that, we want to fine tune the thsoitat

it is able to explain the emergence of bipolar. This is thergiest
reason we want the terms for whiéh> 3 to be so small such that
in practice one can neglect them entirely.

(3) Third and most important, the only data point we have ekéh
constants is the determined values for the Sun, Wh@r& 24.0+£7
and)\; = —0.2+0.1 (see Nyambuya 2009). If logic is to hold, then,
our suggestion\; = F'(¢)A1; must be able to explain this.

We find that the following proposal:
_ (7 1)é+1
= (e )

meets (1), (2) and (3). We shall assume this result until suiime
evidence to the contrary is brought forth.

(12

Checking on (3) we see that within the error margikg ~
[(—1)*"'/ ((2*)1(2%)]A]. Further checking on (2); fromL@) we
will have A, = 3.40 x 10~3°\; which is practically small and, the
meaning of which is that all terms for whi¢gh> 3 can in practice
be neglected entirely.

4 OUTFLOWS AS A GRAVITATIONAL PHENOMENA
None-Empty Space Solutions

Now, if one accepts what has been presented thus far — asewill b
shown in this section; it follows that outflows may-well berag-

tational phenomena. First, from the previous section libfes that
we must take the ASTG only up to second ordler;

GM\? 3cos?26—1
n (S51) 2 },(13)

where it will be understood thatt = M(r) since we are dealing
with none-empty space case of Poisson’s equation. We krevitt
gravitational field intensityg(r, ) = —V®(r,0) = g.(r,0)f +
ge(r,0)0, this means:

b —

GM AMGM cosb
—= +

rc2

Term | Term Il
—_— > 5

g =g |1+ 2)\1G/\/21c059 3 (G/\;l) (3(:05 0 — 1) (14

rc rc 2
wheregy = —GM(r)/r? is the Newtonian gravitational field in-
tensity and:

2

go = ng*2 sin 0 {AlG;A/l + 92 (G'A;l) cos 0:| . (19

rc rc

For gravitation to be attractive as in the normal cas€i], 0) > 0]
and [go(r,6) > 0]. From (14) and (5), it is clear that re-
gions of repulsive gravitation will exist and these will ocavhere
[gr-(r,0) < 0] and or [go(r,0) < 0]. Let us start by treating the
case f-(r,0) < 0]. From @4), if [g-(r,0) < 0], then (Term

| < 0)and Term Il < 0) as well. The conditionTerm | < 0)
implies:

r< =M\ (QGLQ(T)) cos b, (16
C

and this can be written in the equivalent form:

r< |\ (7261'2?(1")) cos 0| . @an

where the bracketf]| represents the absolute value — we have to
explain this. From16), it is seen that this inequality includes nega-

tive values ofr; we need to explain this to avoid any confusion as to
what these negative valuesiofeally mean.

Let O, A and P be distinct and separate points on a plane with
and A being fixed andP is a variable point. In polar coordinates,
as in the present case, a poiftis characterized by two numbers:
the distance: > 0 to the fixed pole or origirO, and the anglé
the lineO P makes with the fixed reference lii@A. The angle is
only defined up to a multiple gf60° (or 27; in radians). This is the
conventional definition. Sometimes it is convenient as egresent
case to relax the condition > 0 and allowr to be assigned a nega-
tive value such that the point,(©@) and (~r, 6 + 180°) represent the
same-point, hence thus when ever we have, @) this must be re-
placed by £, 8 — 180°). This can be found in any good mathematics
textbook on polar coordinates — hence thus, we have justifiéd
Hereafter, whenever a similar scenario arises where vegeiues
of » emerge, we will automatically and without notification assu
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that (—r, ) is (r, 0 — 180°) and this will come with the introduction
of the absolute value sign as has been donéh (

Proceeding. . as has already been explained at the beginning of this

section, we have to substitute (A11) in the placgéfr) in (17) and
having done so we would have to makehe subject. This would
lead to a horribly complicated inequality that would reguine use
of the Newton-Ralphson approach to solve — ours in the ptésen
but a qualitative analysis. We can make some very realistipls
fying assumptions that can make our life much easier. If dukat
spatial extent of the star is small compared to that of the,¢@.
Ratar < Reore = R’ — Rogea? =~ Rigye” (see Appendix)
and the mass of the star is small compared to the mass of taeeor
Mtar K Meore = Mest >~ Meore, then the Mass Distribution
Function (MDF) is given:

~ Il T
M(T) ~ Meore (m) . (18)

Inserting this into {7) and thereafter performing some basic alge-
braic computations that seeas the subject of the formula, one is

lead to:
1
QGMcore 2-ap
r << < )\1 (m) COSO ) Rcore- (19)
Now, if we set:
1
QGMcore 2-ap Rcore
_ —_core 2
“ <|:)\1 ( CQRco're ):| ) (Rsta'r) ’ ( 0)
then (L9) reduces to:
1 1
r < €1Rstar |c0s 0]27% = Lyqq |cos 0] 2720 | (21

wherela.: = €1 Rstar. On thexy-plane as shown in figure), the
1

equationr = . [cos 0] 2=+ describes two lobs. For the purposes
of this reading, let the volume of revolution of the lob beledla
lobiod. The loboid above the-axis shall be called the upper loboid
and likewise the lobiod below theaxis shall be called the lower
lobiod.

Now, proceeding ... the conditionTédrm Il < 0) implies
6 < cos '(#+1/+/3), which means=54.7 < § < 54.7.

Now, for gg(r, 8) < 0, we will have from (5), that:

e (1) (MY

2)2 c2 (22

Now going through the same procedure as ab®®,dan be written
as:

1
7 < lmin |cOs 6|22 | (23
where:
b = (227, (24
main T QA% max-
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Thus radially, the region of repulsive gravitation is:
lmin <7 < lmaz] & [cos*1 (—%) <6 <cos™?! (%)] , (25

and azimuthally, the region of repulsive gravitation isttiescribed
by:

[1" < lmin |cOS 9|ﬁ] & [cosf1 (7 13> >0 > cos™ ! (%)] .(26)

&l

In the region:

[1" < lynin |cos 9|ﬁ] & [cos*1 <,%> <0 <cos™! (%)] ,(27)

the gravitational field is both radially and azimuthally uégive. Pic-
torially, a summary of the emergent picture of the repulgiavita-
tional field in shown in figured). This picture — in our view, fits the
description of outflows, the limiting factors are the siz€,0,, and
lmin, these values all depend on the one parametehence thus,
this parameter is the crucial parameter which determireeprthper-
ties of outflows. Shortly, we will discuss this picture bufdre this,
it is necessary that we go through the empty space solutimts fi

Empty Space Solutions

As will be demonstrated in this section, the picture imadiog the
empty space solution is not different from that of the nomgpsy
space solution. However, there is an important differereteveen
these two pictures and this difference need to be statedr I§jsin-
ning gravitating body is not giving off material like the Suthen
the region of repulsive gravitation will occur inside thestiody.
We shall consider the star to be a point mass, all of its mass is
concentrated at the star’s center of mass.

As before; from {4) and (L5), it is clear that regions of repulsive
gravitation will exist and these will occur where,[r, 8) < 0] and
or [go(r,0) < 0]. We shall as before start by treating the case
[gr(r,0) < 0]. From (14), if [g,(r,8) < 0], then (Term | < 0)
and (Tferm Il < 0) as well. The conditionTerm | < 0) implies:

r<—M (26’2/\/1) cos 6,
c

where in the present casel = M4, and this can be written in
the equivalent form:

(29

r < |1 (Wijm) cos 0’. (29
C
Now, if we set:
— )\ :ztar 30
“ ! (Rstar) ’ ( )

whereRS,., = 2G M qr/c is the Schwarzchild radius of the star,
then Q9) reduces to:

r < €1Rstar| €08 0| = lnaz|cos ). 3)
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{Possible} Shock Ring

Accretion Disk

{Possible} Shock Ring

Figure 2. This figure illustrates the emergent picture from the azirally symmetric considerations of the Poisson equationilé\fanning out matter in the
region of repulsive gravitation, the rotating star is sunded by an equatorial disk; once the outflow switches-as,disk is the only channelia which the
mass of the star feeds. The disk is not affected by radiatidhe sense that some of its material close to the nascenwiitae swept away by the radiation
field, no! The force of gravity along this disk is purely rddiad is directed toward the nascent.

Proceeding ... the conditiorT¢rm Il < 0), as before, implies and azimuthally, the region of repulsive gravitation isttiescribed
0 < cos™'(4+1/+/3), which means:-54.7 < 0 < 54.7. by:

Again as before, fogy (r,0) < 0, we will have from (5), that:

7 < lmin |COS 0|ﬁ] & [cosf1 (7%) >0 > cos™ ! (%)] .(36)

9)\2 2)\1GMstar
r< ‘(ﬁ) (T) cos |, 32
. . Inth ion:
and we need not explain anymore why the above can be written as n the region
< b cos0), D [r<tmnteostl ] & [eo™ (- 5) <0 <o (35)] 30

where this time:

the gravitational field is both radially and azimuthally uégive. The
lmaz- (34 emergent picture is no different from that of the case of rem@ty
space. The important difference is that the outflow is codfiime
side the interior of the star, it is not visible outside usles > 1.
If 2 < 1, then we would expect there to exist a repulsive bipolar
gravitational field. In the interior of the star, the solutsoobtained
[lmin <7 <lmas] & [COS*I (*%) <@ <cos! (%)] . (39 for the case of none-empty space is what must apply.

L9
main — 2)\%

Thus radially, the region of repulsive gravitation is:

(© 2009 RAS, MNRASDOQ, 1-14



5 OUTFLOW ANATOMY

Briefly, we shall look into the anatomy of the outflow — we say

Outflows as a Gravitational Phenomena7

this angular momentum can not just disappear into obliveanthe
question is where does this angular momentum go to? Thidangu
momentum if it where to remain as part of the nascent staitldv

briefly because each of the issues we shall look into requires a sep-tear it [star] apartPerhaps outflows are there to save the nascent

arate reading to fully address them. First before we do thiatim-
portant to find-out when does the outflow switch-on and alserwh
does it switch-off. That at some point in time in the evolatiof
star, outflows switch-on and off is not debatable. So, bef@even
look into them, it makes perfect sense to investigate thismHig-

ure ), we see that the anatomy of the outflow has been identified

with four regionsj.e., theOutflow Feed Regigrihe Outflow Region
and theShock RingAfter investigating the switching-on and off of
the outflow, we will look into the nature of these regions. @oal-
ysis is qualitative rather than quantitative. We believeiargitative
analysis will require a fully-fledged numerical code. Work this
numerical code is underway.

5.1 Switching-onof Outflows

Let us call the lobiod described bg21) the outflow lobiod and like-
wise the lobiod described b®) the outflow feed loboid. From the
preceding section, it is abundantly clear that we are gainigaive
repulsive bipolar regions whose surface is described byia aad a
outflow lobiod section. From this, we know that the maximura-sp
cial extend of the repulsive gravitational field region vi# given
by the maximum spatial length of the lobes which occurs when
cos® = 1, i.e. lmaz = €1Rstar- NOW, to ask the question when
does the outflow switch-on amounts to asking whdh,is. equal to
the radius of the star? because the repulsive gravitatfaidlwill
only manifest beyond the surface of the staand only if the max-
imum spatial extent of the region of repulsive gravitatisrai least
equal to the radius of the stare.: l,yaz = Rstar, this means,
lmaz = €1Rstar; Clearly, this will occur where; = 1. Therefore,
outflows will switch-on when the condition = 1 is reached, other-
wise where; < 1, the repulsive gravitational field is confined inside
the star.

This strongly suggests that if we are to use the ASGT to madiel o
flows, then we must think of; (hence);) as an evolutionary pa-
rameter of the stare., this value starts of from a given absolute
minimum value (say: = 0) and as the star evolves, this value gets
larger and larger until such a time that the repulsive gatizibal
field is switched on wher; = 1, and thereafter it continues to
grow and as it grows so does the spatial extend of the outflimeds
this parameter controls the spatial size of the region ofepelsive
gravitational field).

If the outflow switches on — as it must, the dire question ish{w

star from this catastrophe and fate?!

If the above has any correspondence with reality, then, iesa
sense to imagine that at the moment the centrifugal forces ar
about to tear apart the star, outflows will switch-on. Thetigfn
gal forces have their maximum toll on the equatorial surfaicthe
star. The centrifugal force on the surface of the star adiimg par-
ticle of massm is Feotr = mw?Rstar (w is the spin angular fre-
quency of the star) and the gravitational force on the samticlea
is Fy = —GMm/R2,,,. If the particle where to stay put on the
surface of the star, then we will havé., + F, = 0; and if the
particle where to flyoff the surface, we will havé.., + F, > 0.
This means the critical condition before the star beginsetdadon
apart is that its spin angular frequency must not exceedritieat
spin angular frequenay? = GM/R3,,,; this means outflows will
occur whenv? > w? = w?/w? > 1. From this it makes sense to
set:

(=)
€1 = | — s
Wk
wherea is some constant — in the none-empty space solution,
is given by @0) and in the empty space solution it is given by
(30). If and only if ¢; is the same for both the empty and none-
empty space solutions, then we can use the solar vefueo es-
timate a. We havel? ~ 24, w? 6.27 x 107*Hz, w®
2.73x107"Hz, Re = 6.96 x 10°m andR, = 2.96 x 10*m, and
a = log(A\PRE /Re)/ log(w® /w?); from all this, it follows that:
a = 1.19, therefore:

1.19
w

€1 = — .
W

It is important to note that in the empty space cases a property
of the star while in the none-empty space case, this is a fgyope
the core {.e. Star + Circumstellar material).

(39

(39

In the above, we have looked at the switching-on of outflond an
rather tacitally, we have made a suggestion as to what mggetri
them, now we have to move further. We know that outflows are not
always present, at somepoint in the evolution of the stay, slvitch-

off. What could cause them to do so? Given the reality thatiwit
the outflow lobiod, there is the outflow feed lobiod; this tgoows

in size as the outflow lobiod grows; at somepoint the outflod tae

does it switch on at that moment when it switches on and not at outflow feed lobiod will become equal — leaving the outflowtwit
any other moment? What is so special about that moment when no feed point. At this point when the outflow and outflow feed lo

it switches on that triggers it [outflows] to switch on?” Aseddy
pointed out at the beginning of this reading; that, it is éedid that
molecular outflows are a necessary part of the star formaion
cess because their existence does explamprinciple — the appar-
ent angular momentum imbalancé e to say; the amount of initial
angular momentum in a typical star-forming cloud core iesah\or-
ders of magnitude too large to account for the observed angub-
mentum found in formed or forming stars (seg.Larson 2003b)
and according to the Lawf Conservation of angular momentum,

© 2009 RAS, MNRASDOQ, 1-14

biods become equal, clearly, the outflow must switch-offisTdt-
curs whenl,,q: = lmin and from @4) this means the condition
for this to occur is|\2| = 2A7/9 and given thats = —\1/96,
this means\7*** = 0.046875. The minimum value of\; needed
for outflows to switch-on, occurs when = 1 and from @0), this
means:

Amin _ Rcore Rsta,'r 2
! B RZore Rcore '

(40)
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hence thus outflow activity will take place during which tinveen
(A1 AT < A < AT). Specifically, the outflow will switch-
onwhen)\; = AT"" and switch-off whem\; = A\7*%".

5.2 Outflow Feed Region

In the Outflow Feed Regioni-e.the region described by7), both
the azimuthal and the radial components of the gravitatiforae
are repulsivei.e.(go > 0) and (g- > 0) respectively. Any mate-
rial that enters this region is going to be channeled intaQh#flow
Region, the radial component of the gravitational field isngao
channel this matter radially outward while the azimuthahponent
is going to going to channel this outward radially moving entl
toward the spin axis, hence it is expected that most of theemat
will enter the Outflow Region along the the spin axis of the.dta
is important to state that no matter the radiation from tlae $here
will be no reversal of in-falling matter outside the regidirepul-
sive gravitation due to the radiation field of the nascent stae
shall discuss this if(7).

5.3 Outflow Region

The Outflow Region is comprised of a section of a cone (OAB &
OCD), the outflow lobiod minus the Outflow Feed Region. In this
Outflow Region, the gravitational force is only radially végivei.e.,

ge > 0 andg, < 0. This means, once the repulsive gravitational
force is switched-on and it is in a fully fledged phase, all emiat
found in this region is going to be channeled out of this redioth
radially while azimuthally being channel to the edge of therfing
cone. The repulsive radial component pushes the materiahdis
ally, while the azimuthal component of the gravitationat®draws
this material close to the edges of the cone. This means theobu
the outflow material must be found along t the edge of the cone.

Where the cone meets the outflow lobiog,, along AB and CD,
there is going to be rings. Considering the ring AB, it is cléwat
this ring (as CD) must be a shock front since on this ring, @lon
the radial line OA, the in-coming material will meet the owittg
material with equation but opposite radial forces. Thisad@und but
opposite forces must create (radially) a stationery shibbls shock

is going to have a ring structure — let us call this 8teock RingAs

the rings AB & CD, EF & GH will be rings too, but not shock things
These rings EF & GH are the month of the outflow and matter enter
in to the outflow regiorvia this opening.

5.4 Shock Rings and Methanol Masers

Given that; (1) AB & CD are shock rings; (2) that methanol niase
(amongst other pumping mechanisms) are thought to arideoicks
regions and (3) the observations of Bartkiewétzl. (2005) where
these authors discovered a ring distribution6df G H z methanol
masers; it is logical to assume that this shock ring may welab
hub of methanol masers arising from the shock present omitigs
Recent and further work by these authors strongly suggkatsat

This ring distribution of masers components, they beligvengly
suggests the existence of a central source — this is the emse h
the central source must exists and it is the forming stary Toend
an infrared object coinciding with the center of the ring cigars
within 78mas and this source is cataloged in the 2MASS survey
as2M ASS183451.56-08182114They believe this is an evolving
evolving protostar driving this masevsa circular shocks — this is
in line with the the present. Very strongly, the BartkiewRing of
Masers suggests — in our opinion that; our outflow model may ve
well contain an element of truth, that our model containgibesible
seeds of resolution of this puzzling occurrence of Ring Mase

About this shock ring; when viewed from the projection asmaha
figure @), the distance of the shock ring from the star will be:

_3-ap
lsh = lmax(?)) 472&”7 (41)
and the radius of this shock ring will be:
_Bzap
Rring == lmam(l-g)) 4=2ep (42)

Clearly, for an isolated system, depending on the oriemtatlative
to the observer, this ring can appear as a linear structwiecalar
or an elliptical ring.

At present more thah00 6.7 G Hz methanol masers sources are
known to exist (Malyshev & Sobolev 2002; Pestalozrzial. 2005;

Xu et al. 2003) and are associated with a very early evolutionary
phase of high mass star formation. The methanol maser eqnitti
at the6.7 GH z frequency first discovered by Menten (1991) is the
second strongest centimeter masing transition of any nE€af-
terthe22 G H z water transition) and is commonly found toward star
formation regions. It is typically stronger thdR.2 G H z methanol
masers (discovered by Bateaal. 1987) observed toward the same
region. Methanol masers have become well establishedrérace
sign spots of high mass star formation regions. It is thoubht
methanol masers occur in the very early stages of massivéosta
mation.

While methanol masers are found in regions of massive staxado
tion, some have been found with no associated high masostaaf
tion actively (seee.g.Ellingsenet al. 1996, Szymczalet al. 2002.
Besides this non-association, some methanol masers arkaaed
been observed to exist in close spatial proximity of masstees.
This has lead to the classification of methanol masers ings<Cl

| and Class Il. Class | masers emit at the frequeneies, 44.0,
36.0 GHz etc while class Il methanol masers emit6at, 12.2,
157.0 GH z etc methanol masers is classified as Class Il. Class |
methanol masers are often observed to exist apart from thténeo
uum sources , while Class Il are observed to exist very chlbejt,
both classes often co-exist in the same star forming regisiué

an Hll regions €.g. Sobolevet al. 2004). Clearly,ls, = lsn(t)
and Rring = Rring(t) and as the star evolves,, and R ing

get larger. This means in the case of young stars, if this isng
hub of methanol masers, it is expected that methanol masérs w
be found closer to the star for young HMS and likewise, for enor
evolved massive stars, methanol masers will be found fuftben

Ring of Masers is a natural occurrence in star forming regions as the nascent star. If this is correct, then it may explain floeesaid;

(Bartkiewiczet al. 2009).

why Class Il methanol masers are mostly found close to theemas
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star and why Class | methanol masers are found existinggiufitbm
the nascent star.

High resolution imaging of thé.7 and12.2 G H z methanol masers
has found that many exhibit a simple elongated linear oredispa-

tial morphologies (Norrigt al. 1988; Norriset al. 1993; Minieret

al. 2000) and as already stated, depending on the orientatitire of
observer relative to the star forming system, the ring magyeap

as a linear structure. These linear structures have lemjth8 to
1300 AU. Because of this, one of the possible interpretations that
has been entertained for sometime is that the masers degina
the circumstellar accretion disc surrounding the newlyrfed star
(Edriset al. 2005) and besides this; because of their strong associ-
ation with outflows (see.g.Plambeck & Menten 1990; Kalenskii

et al. 1992; Bachilleret al. 1995; Johnstomt al. 1992), other than
originating from the circumstellar disk, also, it has beategained
that methanol maser may originate from outflows @gePratap &
Menten 1992; de Buizest al. 2000). Clearly, the outflow origin of
methanol masers resonates with the present ideas. If the fdein

are correct, then, this reading would of value to reseascbeeking

an outflow origin of methanol masers.

Further, if viewed from the same view as in figug,(and if as ar-
gued above that masers are found on the ring, one will expeati-t
serve a linear alignment of masers above and below the tleemas
star. This would explain the observed linear alignment offraieol
masers and also the observed linear alignment of maserg a@nov
below the IRAS source found in molecular cloG#9.489-0.785
(see Fish 2007). Given Fish’s observations of blue and Inéfted
masers in ON1 (Fish 2007), the suggested model of this ring of
masers is interesting as it may offer an explanation of thisxu
plained and puzzle of red and blue-shifted masers at ogpsisies
of the IRAS source associated with ON1.

6 COLLIMATION FACTOR

We can calculate the collimation factor of the outflow since w
know the extentl(,.,) and the breath of the outflow which is the
size of the shock ringse., the collimation factor could be..,; =
Rring/lmaz, Which can also be written as:

3—

Xp
Gcol = (15) 472@07 (43)
(this has been deduced from equati®?). From this, we see that
asa, — 2froma, = 0,i.e.a, : 0 — 2, then we will have
qeor — o0. For this setting, generally.,;, > 1. We also realize
that now asq..; — oo whena, : 3 — 2 (see Appendix for
this notation), them..; > 1 and ifa, : 0 — 2. For this setting,
generallyg..; > 1.36. Since we believe the latter is what we must
have in nature, that is, : 0 — 2 and nota, : 3 — 2, we
should not have outflows with a collimation factars< g¢..; <
1.36. Because of projection effects, it is difficult if not impdss to
verify this result.

Also, because of projection effects, the collimation fadtmat we
measure in real life is not the actual collimation factor the pro-
jected collimation factor. If we know the actual collimatifactor,
we will be able to know the density index since frod8( we can
deduce that:
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e (i)

LMSs are known to have relatively low outflow collimation fars

(geor ~ 20) while HMSs have significantly high outflow collimation
factors, sometimes reacfi,; ~ 20. From @4) the aforesaid im-
plies, assuming these collimation factors are a good reptason

of the real collimation factor, that LMSs cores have densitjex

o, = 1.56 and HMS cores have density index, = 1.98. This

is not unreasonable but very much expected. The fact thai¥¢8
forming cores, we have, = 1.98 and for LMS forming cores we
havea, = 1.56, means HMS cores are much more dense compared
to LMS forming cores.

" log(gl/8)
log(1.5) ~

10g g2y

44
log 1.5 “4

7 RADIATION PROBLEM

While the main thrust of this reading is not to focus onRaliation
Problemassociated with massive stars but outflows, we find that the
ASTG affords us a window of opportunity to visit this problevfis

the radiation problem, it is taken as bona-fide scientifioldrdge
that our understanding of the formation of massive staradkiihg
both theoretically and observationally. On the theoréfromt-lines,

in the gestation period of a star’s life, its mass will greia the in-
falling envelope and also through the forming accretiotk thying
along it's equator — this, as far as our theoretical undedste is
concerned, works well for stars less thanl0M g . In the literature,

itis said that the problem of massive statdl (., > 10M ) arises
because as the central protostar's mass grows, so doegitatama
pressure from it, and at 10 M, the star’s radiation pressure be-
comes powerful enough tealt any further in-fall (hence accretion)
of matter onto the protostar and the disk (Larson & Starrfi€ldl;
Kahn 1974; Bonnell & Bate 2002; Palla & Stahler 1993). So the
problem is - how does the star continue to accumulate mores mas
beyond the~ 10 Mg limit?

If the radiation field really did reverse any further acayatof mat-
ter and protostars exclusively accumulated mdasdirect in-fall
and the accretion disk, it could set a mass upper limitofo Mg,
for any star in the Universe. Unfortunately or maybe forteha
this is not what we observe. It therefore means that somespsoc
responsible for the formation of stars beyond thel0 Mg limit
definitely must be a work hence a solution to the problem mest b
sought. As will be seen very shortly, the reason we haveeatrat
this conclusion is because we have assumed a sphericalipsyi
gravitational field and additionally; with this spherigatlymmetric
gravitational field we have not taken into to account the @mibcir-
cumstellar material surrounding the nascent star.

If this is the case.e. the radiation problem really did exist as stated
above and assuming that we have used the correct gravahfielal

in our analysis, the solution to the conundrum would be tk see
star formation model that overcomes the radiation pregsuigiem
and at the sametime allowing for the star to form (accumuddite
of its mass) before it exhausts its nuclear fuel. Two sucheisod
have been put forward, that is (1) the Accelerated Accretiodel
(Yorke 2002; Yorke 2003) and (2) the Coalescence Model (Btnn
et al.1998; Bonnell & Bate 2002; Bonnedt al. 2006; Bonnelkt al.
2007).
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The second scenarid.e., the coalescence model (Bonnel al.
1998) is born out of the observational fact that massives shae
generally found in the centers of dense clusters (HillemhrE997;
Clarkeet al. 2000). In these dense environments, the probability of
collision of proto-stellar objects is significant, hence tloalescence
model. This model easily by-passes the radiation-pregaatgem
and despite the fact that not a single observation to datedms
firmed it (directly or indirectly), it [the coalescence mddappears
to be the most natural mechanism by which massive stars fiven g
the said observational fact about massive stars and trefznential
environment.

The other alternative, which is less pursued, would be tk aghys-
ical mechanism that overcomes the radiation pressure grohbls
has been conducted by the authors Krumtelal. (2005). These
authors (Krumholzt al. 2005) believe that the radiation problem
does not exist because radiation-driven bubbles that tdocketing
gas are subject to Rayleigh-Taylor instability which oscanytime

a dense, heavy fluid is being accelerated by light fluid fongxe
when a cloud receives a shock, or when a fluid of a certain gensi
floats above a fluid of lesser density, such as dense oil fipatinva-
ter. The Rayleigh-Taylor instabilities allows fingers ohde gas to
break into the evacuated bubbles and reach the stellaiceunfiile

in addition, outflows from massive stars create opticaliy tavities

in the accreting envelope. These channel radiation away fre
bulk of the gas and reduce the radiation pressure it expargernin
this case, the radiation pressure feedback is not the dotfiaetor

in setting the final size of massive stars and accretion wilteed
albeit at much higher rates.

Now, let us define the radiation problem as it is understodldercur-
rent literature and for this, we shall follow Yorke (20029y direct
radial accretion and accretiotie the disk to occur onto the nascent
star, explicitly, it is required that the Newtonian gratitaal force,

G M iar /72, at a point distance from the star of masd;,, and
luminosity Ls.q, at time any given point in time, must exceeds the
radiation forces. s s Lstar /4mer? ie.

GMstaT
>

r2

’feffLstar
4mer?

; (49

wherex. s is the effective opacity which is the measure of the gas’s
state of being opaque, a measure of the gas imperviousnéiss to
rays of light and is measured in’kg~"'. This analysis by Yorke
(2002) which is also reproduced in Zinnecker & Yorke (2003
standard and well accepted analysis that assumes sphanaie-
try and at the sametime it does not take into account the rahter
outside the nascent star. On the other hand, star formationtia
truly spherically phenomena and already argue here siace ate
known to have spin angular momentum (also eag reviews by
Zinnecker & Yorke 2007; McKee & Ostriker 2007) but this sirapl
calculation suffices in as far probing the conditions whetiaton
pressure becomes a significant player on the star formatidium.

In Nyambuya (2008), this same calculation albeit with threwn-
stellar material taken into account has been performed and@u-
sion is arrived at (therein Nyambuya 2008) to the effect, thes the
radiation problem will exist but with the important differee that

it will not push all the circumstellar material away but itliireate

a cavity that grows with the increasing radiation presstwenfthe
nascent star.

This calculation by Yorke (2002) proceeds as follows: thegjumlity

(45), sets a maximum condition for accretion of material, ngmel
Keff < 4meGM /L, and evaluating this, one obtains:

M L

—1
. 1.3x 10" ([ — ) [ =
Kepr < 1.3 % O(M@)(L@) R

where M and L are in solar units. Given thatLstar
Lo (M/Mg)?, implies that:

M —2
crr < 1.3x10% [ =— )
s <13 x10° (450 )

(49)

(47)

Now, given that the interstellar medium'’s (ISM) opacity isasured

to be~ 20.0 m*kg™!, this sets an upper mass limit for stars~of

10 M, for gravitation to dominate the scene before radiation does
thus halting any further in-fall. It is clear here that thé'S opacity
and or the opacity of the molecular cloud material is whas se¢

~ 10M mass limit thus if there is a way to lower the opacity inside
the gas cloud in which the star is forming, the radiation {Bob
would be solved.

The AAM finds some of its grounds around the alteration of the
opacity. For example, if the opacity inside the gas cloudgsis-
cantly lower then the ISM value, then accretion can procéadhe
AAM Model. To reduce the opacity inside the gas cloud, the AAM
posits as one of the its options that optical and UV radiatiside

the accreting material is shifted from the optical/UV inte far IR
and also the that the opacity may be lower than the ISM value be
cause the opacity will be reduced by the accretion of opgi¢hick
material in the blobs of the accretion disk. Thus reducirgapacity

or finding a physical mechanism that reduces the opacity lteesa
lower than the ISM is a viable solution to the radiation peshl
The above mechanism to reduce the opacity are rather meehani
and dependent on the environment. Is there any physicalaméexsh
that exists naturally that can alter the opacity to valuegeltothan
the ISM inside the cloud? The ASTG offers a solution and in the
subsequent paragraphs, we present this.

In the face of the radiation field, the effective radial comg@at of
the gravitational field in the ASTG is given by equatiatB) (see
overleaf). The radial component is unaffected by the ramidteld.
Inspection of 48) reveals that along the equatidre. on the plane
wheref = 90°, we will haveg.(r,0) < 0, the meaning of which
is that the effective radial force is attractive right uptie surface of
the star! Since\> < 0, whend = 90°, (3cos®90° — 1)/2 = —
1/2 < OhenceTermlIl > 0). ForTerm I, we see that when

6 = 90°Term| = 1 — kL/4rGMc > 0. We should take
note of the fact in writinglerm | = 1 — kL/4rGMc > 0,
M = Msiar but M = M(T) f M = Mstar, then
1 — kL/4AnGMc < 0, thus making Term | < 0,

but this not the case. Becausd(r) < Mstqr, it follows that

1 — kL/47GMc > 0 thus making Term | > 0). Combing all
this, we arrive at the conclusion that(r, ) < 0, thus on the equa-
tor, the effective force is attractive right up to the suefat the star,
hence thus, when outflows switch-on, the accretion diskrinesdhe
only official channelvia which the star’'s ever-growing appetite for
material is serviced.

Clearly, if A2 > 0, theng,(r,8) > 0, the meaning of which is
that the accretion disk would not exist as it would be disperisy
the force due tderm Il . This obviously is at odds with experience

(© 2009 RAS, MNRASDOQ, 1-14
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Term | Term |l
GM KL 201 GM cos 0 GM\? 3cos?6 — 1
0) =— - 3| — ) —
9r(r,6) 72 4rGMec rc2 ok < rc? > 2

hence thus we have the strongest reason for selting 0, other-
wise the ASTG would be seriously at odds with physical andnat
reality as we know it. Though no detailed study of accretigskd
has been made (seeg.Brogenet al. 2007; Arayaet al. 2008), it
has long been thought that the accretion disk is a means bghwhi
accretion of matter on the nascent stars continues soonrattia-
tion has (significantly) sounded her presence on the sterdion
podium — if our investigation proof correct, as we believeythill,
then, we have been right.

That said (the above); to really know whether or not disk @ibon is
indeed the mechanismia which HMSs feed their mass, what needs
to be done is to study the necessary accretion rate needadrfas-

sive star of a given mass to form before it can exhaust itseaucl
fuel and check this with the predicted disk accretion adogrdo

the ASTG. Whether or not the accretion is or is not the meamani
viawhich HMSs feed their mass; from what we have discussed ear-
lier, one thing is clear, accretioria the disk can not be halted by
radiation at any-point in the evolution of the nascent star.

Before leaving this section, we must ask the question: Hozsdoe
introduction of the radiation field affect the repulsive derfield?
Since the radiation field is by nature repulsive, it must @dyso as
to enhance it. To find out, let us investigate the condigipfr, 6) >

0, for this repulsive force field. What constraint does thismgrto
(r,0). If g-(r,0) > 0, then we must havelérm | < 0) and (Term

Il < 0). The condition Term Il < 0) leads us back to the original
f-constraintj.e.125.3 < 6 < 54.7 and the conditionTferm | < 0),
leads to:

KL

B 2A1GM cos -
4rGMe

1
rc2

0.

(49

Significantly further from the statL/47GM(r)c ~ 0, hence thus

N 2X1GM cos 6 -

1
rc2

0, (50)

and this leads to the same res@t) as before, therefore the region
of repulsive gravitation is not affected in as far as its getignis
concerned. also, this mean material in the Outflow Feed Refyies
not face any in-fall reversal due to the intense radiati@sgure from
the nascent star. What we would expect is that the radiatidn w
enhance the speed of the outflow and also the channeling efiadat
into the outflow regiorvia the Outflow Feed Zone.

8 DISCUSSION AND CONCLUSION

Rather than a final and complete solution, this reading shbal
taken more as a genesis that lays down the mathematical dound
tions that seek to lead to the resolution of the problem ofl@us,
vis, what their origin is. Also, we should say that, if this reaglis
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(48

anything go byij.e, if it proves itself to have a real direct correspon-
dence with the experience of physical reality, then not dralye we
laid down the mathematical foundations that may lead to tiuet
standing of outflows; but we have laid a three fold foundatiwet
could lead to the resolution of three problems, and thesklgms
are:

e TheOrigins and Nature of Outflows
e TheRadiation Problenthought to exist for HMS.
e TheOrigin of Linear & Ring Structures of Methanol Masers

All this we have arrived at after the consideration of therazhal
symmetry arising from the spin of a gravitating body. Thissyetry

has been applied to the gravitational field and where uponawve h
come up with the ASTG. In Nyambuya (2009), we did show that the
ASTG can explain the perihelion shift of planets in the selatem.

In Nyambuya (2009), the ASTG as it lays therein suffers thiesszk
that the “constants’\, are unknown. We have gone so far in the
present as to suggest a way to solve this problem but thisestigg

is subject to revision pending any new data.

It should be said that, to the best of what | can remember snee

| learnt that the force of gravity is what causes an appleltedahe
ground and that the very same force causes the moon and tietpla
to stay in their orbs; | have never really convinced of giaigin as
being a repulsive force, let alone that it possibly can hawygteng to
do with the power behind outflows. Just as anyone would finsethe
ideas in violation of their intuition, | find myself in the sarbracket.
But one thing is clear, the picture emerging from the mathema
thereof, is hard to dismiss. It calls one to make a closer ktake
what the Poisson equation is “saying to us”.

In closing, allow me to say that as things stand in the preseuitile

we firmly believe we have discovered something worthwhiles i
difficult to make any bold conclusions. Perhaps | should ongn-

tion that work has began on a numerical model of outflows based
on what we have discovered herein. Only then — | believe; lIthei
possible to make any bold conclusions.
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APPENDIX A: RADIAL MASS DISTRIBUTION FUNCTION

As already said in the text of the main body of this readinglat
systems such as cores and molecular clouds are found toitexhib
radial density profiles given by:

p(r) = po (%>%

wherepy andrg are dynamic normalization constants. We have in-
sert the absolute value ofin (Al) because is demsostrated in the
main body that- can take negative values, so we need to take care
of this. We shall understood that= |r|.

(A1)

In order to make sense of this density profile (A1) we shallehav
calculate these normalization constants. In its bare ftimmpower
law equation (A1) as it stands implies an infinite density at 0.
Power laws have this property. Obvious one has to deal with th
The usual or typical way is to impose a minimum value fasay

rmin = To and assign a density there. The questions to be answered

in this Appendix are:

e (1) What are the physically permisable valueswf
e (2) What is the emergent radial mass distribution expectad f
the density profile given in (A1)?

We know that for a radially dependant density profile, the griis-
tribution is calculated from the integral:

M(r) = /T der® p(r)dr- (A2)

T0o

Inserting the density function (A1) into the above integratl then
evaluating the resultant integral, we are lead to:

3—«a 3—ap
(r L TO ) ’

The casev, = 3 leads to the special form of the MDF:

ap
_ 4 por,

M(r) 3o

(A3)
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M(r) = 4mporg In (L) . (A4)
To

We shall not consider this case. Now, what we shall do here is t
constrain they and show thab < o < 3.

Letr; > ro. For this setting, we expect thatt(r1) > M (r2) and
this is obvious thing because as we radially zooms out of litngdc
one would expect in the sphere of radiughat there will be at least
more matter than the engulfed sphere of radiusThe condition
M(r1) > M(rz) = M(r1) — M(rz2) > 0. Using equation
(A11), we have:

47rp01"g"
33—«

3—ap
1

M(r1) — M(rz) = (AS)

(v
and fora. > 3 we have3 — a < 0 so when we divide by the term
(4pory”®)/(3—cy,) on both sides of the inequality, we must change

the sign of the inequality from» to < becausédrporg”) /(3 — )
is a negative number. So doing, we will have from this:

— rﬁ’“”) > 0,

3—a

3—ap
-
2

Ty 7 <0, (A8)

and this implies¢~2 < r3~? and from this, the relationship:

ry <ro, (A7)

follows directly. This leads us toontradiction because it violates
our initial conditionry > ro = M(r1) > M(r2). We therefore
conclude thate < 3.

Going further, if3 — a, > 3, it means as one zooms out of the cloud
from the center, the cloud’s average material density am#s. This
scenario is unphysical because gravity is an attractivergav dis-
tance law and thus will always pack more and more materidién t
center than in the outer regions as one zooms out of the cfourtis
its center and hence the only material configuration thaiecaerge
from this setting is one in which the average density of nialtele-
creases as one zooms out of the cloud. This impliesc, < 3
which leads tax, > 0, hence combining the two results we have:

0<a, <3, (A8)

which is our main result and what follows is just a completain
this exersicéd.e. to compute the emergent radial Mass Distribution
Function (MDF).

Now we have to normalize the MDF by imposing some boundary
conditions. The usual or traditional boundary conditiortasset
M(ro) = 0 and this in actual fact means there will be a cavity of
radiusr in the cloud. What we shall do is different from this normal
or traditional normalization. We shall sdtt(ro) = Mqr Where
Mstar is the mass of the central star. Thus what we have done is to
place the nascent star in the cavity. This means we must auite
MDF as:

Xp
-~ 4mpory

M(r) = (r?’*% - Ri;aip) + Matar, (A9)

3—ap

and this applies foR star < 7 < Reore-

Now, if the mass enclosed inside the core remains constanigh-
out, then we must have at = R..r. the boundary condition
M(Reore) = Meore, thus the circumstellar materiaWt .., =
Meore — Mstar, and hence:

dmpory” M
e T ey (A10)
@ (7?’007‘ep - Rstarp)
and this means the MDF can now be written as:
Circumstellar Material in Region Radius r
3—a Mass of the nascent star
|,r|3—04p — Rstarp
M('r) = Ml 3—a, 3—ap + Mtar ’ (All)
RCOT@ - 7—\>’sta,'r

whereca, # 1. We shall take this as the final form of our MDF.

The Casea, = 2: If we havea, = 2, then it follows from (A11)
that we must haveV(r) = constant = My for r > 0. What
does this mean? It means that even at 0 we must haveM (0) =
M. From this it follows that this mass is concentrated at alsing
point. In reality it can not be that all the mass is concerttainto a
single point; what this means is that the density profile wihsity
index«a, = 2 is unattainable and at the sametime it is the sort for
density index by matter when it collapses to form stars. Whiat
effectively means is that if a mass distribution where tatstath
o, 1 2 < a, < 3, thena, must decrease as, — 2, i.e. as
this distribution of mass tries to muzzle itself into a segloint.
Also if ap, : 0 < «a, < 2thena, must increase ag, — 2
when this distribution of mass tries to muzzle itself intoiagte
point. Observations of number of star forming regions iatéchat
a, 0 < ap < 2,thusitis safe to assume thag : 0 — 2.
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