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Abstract This reading is part in a series on the Azimuthally SymmeTieory of
Gravitation (ASTG) set-out in Nyambuy&(10a). This theory is built on Laplace-
Poisson’s well known equation and it has been shown thelgiarhbuya2010a) that the
ASTG is capable of explaining — from a purely classical pbystandpoint; the preces-
sion of the perihelion of solar planets as being a consequeithe azimuthal symmetry
emerging from the spin of the Sun. This symmetry has and mav& an influence on the
emergent gravitational field. We show herein that the emmérgguations from the ASTG
— under some critical conditions determined by the spin —assess repulsive gravita-
tional fields in the polar regions of the gravitating body uregtion. This places the ASTG
on an interesting pedal to infer the origins of outflows agalsive gravitational phenom-
ena. Outflows are an ubiquitous phenomena found in star fgrsystems and their true
origins is a question yet to be settled. Given the curremkihp on their origins, the
direction that the present reading takes is nothing shahafsymptotic break from con-
ventional wisdom; at the very least, it is a complete panadift as gravitation is not at
all associated; let alone considered to have anything toithotiae out-pour of matter but
is thought to be an all-attractive force that tries only taash matter together into a sin-
gle point. Additionally, we show that the emergent Azimuith&ymmetric Gravitational
Field from the ASTG strongly suggests a solution to the sepfddRadiation Problem
that is thought to be faced by massive stars in their proceé$ésrimation. That is, at
~ 8 — 10 M, radiation from the nascent star is expected to halt thestioorof matter
onto the nascent star. We show that in-falling material faill onto the equatorial disk
and from there, this material will be channeled onto the fogrstarvia the equatorial
plane thus accretion of mass continues well past the curédire of~ 8 — 10 M, albeit
via the disk. Along the equatorial plane, the net force (withrdmtiation force included)
on any material there-on right up-till the surface of the,ssadirected toward the forming
star, hence accretion of mass by the nascent star is un-hadipe

Key words: stars: formation — stars: mass-loss — stars: winds, outfol@M: jets and
outflows.
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1 INTRODUCTION

Champagne like bipolar molecular outflows are an unexpewéatal phenomenon that grace the star
formation podium. Bipolar molecular outflows are the mosicdpcular physical phenomenon intimately
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associated with newly formed stars. Studies of bipolar owlreveal that they [bipolar outflows] are
ubiquitous toward High Mass Star (HMS) forming regions. §éeutflows in HMS forming regions
are far more massive and energetic than those found assbeigth Low Mass Stars (LMS) forming
regions (see.g.Shepherd& Churchwell1996a; Shepherd Churchwell1996b; Zhanget al. 2001;
Zhanget al. 2005; Beuther2002). Obviously, this points to a correlation between the mdsbestar
and the outflow itself. Independent studies have estaldigteexistence of such a correlation. The mass
outflow rate M., has been shown to be related to the bolometric Iumlnd$|tyy the relationship:
Mour o< £959 and this is for stars in the luminosity range30L. < L, < 10°Le (we shall use
the term luminosity to mean bolometric luminosity). Anatleeirious property of outflows is that the
mass-flow rateM,,, is related to the speed of the molecular outfledy,,; V. .i Wherey ~ 1.80
andV,,: is the speed of the outflow. How and why outflows come to exhiitgse properties is an
interesting field of research that is not part of the preseatling. However, we shall show that these
relationships do emerge from our proposed ASTG Outflow Moelhe present, we simple want to
show that an outflow model emerges from the ASTG model. Weesetinthe mathematical foundations
for such a model. Once we have a fully-fledged mathematicalelaeve shall move on to building a
numerical modeli(e. computer code). Once this computer code is available, aeasod to answer the
above and other questions surrounding the nature of outflolivise made.

Pertaining to their association with star formation atyimt is believed that molecular outflows are
a necessary part of the star formation process becausefisience may explain the apparent angular
momentum imbalance. It is well known that the amount of @ahiingular momentum in a typical star-
forming molecular cloud core is several orders of magnittatelarge to account for the observed
angular momentum found in formed or forming stars (8ggLarson2003b). The sacrosanct Lawf
Conservation of angular momentum informs us that this argubmentum can not just disappear into
the oblivion of interstellar spacetime. So, the questiomhere does this angular momentum go to? Itis
here that outflows are thought to come to the rescue as thegotas a possible agent that carries away
the excess angular momentum. This angular moment, if it @teeremain as part of the nascent star,
it would, via the strong centrifugal forces, tear the star apart. Thisdvewdoes not explain, why they
exist and how they come to exist but simply posits them as &hleheeded to explain the mystery of
“The Missing Angular Momentum Problem” in star forming sysis and the existence of stars in their
intact and compact form as stable firery balls of gas.

In the existing literatureyiz the question why and how molecular outflows exist, there breia
four proposed leading models that endeavor to explain treséid. These four major proposals are:

Wind Driven Outflow Model : In this model, a wide-angle radial wind blows into the sfiati
surrounding ambient material, forming a thin swept-up Ishelt can be identified as the outflow shell
(see Shet al. 1991; Li & Shu1996; Matzner& McKee 1999).

Jet Driven Bow Shocks Model In this model, a highly collimated jet propagates into the@unding
ambient material producing a thin outflow shell around the($ee Ragaet al. 1993a; Masson&
Chernin1993).

Jet Driven Turbulent Outflow Model : In this model, Kelvin-Helmholtz instabilities along the gnd
or environmental boundary leading to the formation of aulebt viscous mixing layer, through which
the molecular cloud gas in entrained (see Ca&tRagal991; Ragaet al. 1993b; Stahler1994; Lizano
& Giovanardil995; Cantoet al. 2003).

Circulation Flows Model: In this model, the molecular outflow is not entrained by anartying wind
jet but is rather formed by in-falling matter that is deflec@vay from the protostar in the central
torus of high magneto-hydrodynamic pressure through a rgpadar circulation pattern around the
protostar and is accelerated above escape speeds by latialhsee Fieg& Henriksenl996a; Fiege

& Henriksen1996a).




As far as gravitation is concerned, do we really understhad_aplace-Poisson equation? 3

All thesead hocmodels and some that are not mentioned here explain outflevasfeedback effect.
The endeavor of the work presented in this reading is to malkatarnative suggestion albeit a com-
plete, if not a radical departure from the already existirapeis briefly mentioned above. Our model
flows naturally from the Laplace-Poison equation, namedynfthe Azimuthally Symmetric Theory of
Gravitation (ASTG) laid down in Nyambuy&({10a) (hereafter Paper ). This model is new and has
never before appeared in the literature. Because we are stafje of setting this model, we see no need
to get into the details of the existing models as this woudd l® an unnecessary digression, confusion,
and an un-called for lengthy reading.

Our model is a complete departure from the already existindets because, of all the agents that
could lead to outflows, gravitation is not even consideredd@ possible agent because it is thought
of as, or assumed to be, an all-attractive force. Actuatlg,itiea of a gravitating body such as a star
producing a repulsive gravitational field, is at the verystaathinkable. Contrary to this, we show here
that an azimuthally symmetric gravitational system dimeprinciple give rise to a bipolar repulsive
gravitational field and this — in our view, clearly suggestattthese regions of repulsive gravitation,
possibly are the actual driving force of the bipolar molecwutflows. We also see that the ASTG
provides a neat solution (possibly and very strongly soh&do-called Radiation Problem thought to
bedevil and bewilder the formation of HMSs (see LargoBtarrfield1971; Kahn1974; Bonnellet al.
1998; Bonnell& Bate2002; Palla& Stahler1993) and as-well the observé&ing of Maser¢Bartkiewicz
et al. 2008, 2009).

We need to reiterate this so as to make it clear to our redusr,the work presented in this reading
is meant to lay down the mathematical foundations of the @utfhodel emergent from the ASTG.
It is not a comparative study of this outflow model with thoserently in existence. We believe we
have to put thrust on lying down these ideas and only worryatiir plausibility,i.e. whether or not
they correspond with experience and only thereafter makerature wide comparative study. Given
that this model flows naturally from a well accepted equafiba Poisson-Laplace equation), against the
probability of all unlikelihood, this model should have albieg with reality. If it does not have a bearing
with reality, then, at the very least, it needs to be invedéd since this solution of the Poisson-Laplace
equation has not been explored anywhere in the literature

Also, we should say that as we build this model, we are doiisgiith expediency, that is, watchful
of what experience dictates, at the end of the day, if ourtsffare to bear any fruits, our model must
correspond with reality. This literature wide comparasuady is expected to be done once a mathemat-
ical model of our proposed outflow model is in full-swing. $imathematical model is expected to form
part of the future works where only-after that, it would makease then to embark on this literature wide
comparative study. How does one compare a baby human-eampguman-embryo? It does not make
sense, does it? Should not the baby be born first and onlyatftera comparative study be conducted of
this baby with those babies already in existence? We hope#uzr concurs with us that this is perhaps
the best way to set into motion a new idea amid a plethora @fsidieat champion a similar if not the
same endeavor.

Further, we need to say this; that, as already stated aliwvdirection that the present reading takes
is nothing short of an asymptotic break from conventionadeim; at the very least, it is a complete
paradigm shift as gravitation is not at all associated;lmt@considered to have anything to do with the
out-pour of matter but is thought to be an all-attractiveéothat tries only to squash matter together into
a single point. Because of this reason, that, the presemioithihg short of an asymptotic break from
conventional wisdom” and that “at the very least, it is a ctetgparadigm shift”, we strongly believe
that this is enough to warrant the reader’s attention tosésningly seminal theoretical discovery.

The synopsis of this reading is as follows. In the subseqgsection, we present the theory to be
used in setting up the proposed ASTG Outflow Modek(i3), we revisit the persistent problem of the
ASTG model, that of “The ASTG’s Undetermined Parameter Rrmob. Therein, we present what we
believe may be a solution to this problem. As to what realgsthparameters may be, this is still an

1 In our exhaustive survey of the accessible literature, we mat come across a treatment of the Poisson-Laplace equati
as is done in the present, hence our proclamation that this@oof the Poisson-Laplace equation is the first such.
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open question subject to debate§(r), we present the main findings of the present reading, thtites
repulsive bipolar gravitational field and therein we ardgue this field fits the description of outflows.
We present this for both the empty and non-empty space sobkitif the Poisson-Laplace equation. In
§(5), we look at the anatomy of the outflow modie. the switching on and off outflows, the nature of
the repulsive polar field, the emergent shock rings and tHenzgion factor of these outflows. 1§(6),
we show that the ASTG model posits what strongly appears tog@rdurable solution to the so-called
Radiation Problem that is thought to be faced by massivs diaing their formation process. Lastly, in
§(7), we give a general discussion and make conclusion thattiadeawn from this reading.

Lastly, it is important that we mention here in the penultienaf this introductory section that this
reading is fundamental in nature and because of this, wésstet to begin whatever argument we seek
to rise, from the soils of its very basic and fundamentallleVhis is done so that we are at the same
level of understanding with the reader. With the aforesajor@ach, if at any point we have errored, it
would be easy to know and understand where and how we haveerro

2 THEORY

Newton’s Law of universal gravitation can be written in a mmgeneral and condensed form as Poisson’s
Law,i.e.

V2® = 4nGp, (1)

wherep is the density of matter an@ = 6.667 x 10~ ''kg~'ms~2 is Newton’s universal constant
of gravitation and the operatdv? written for a spherical coordinate system [see figuiefér the
coordinate setup] is given by:

2_ L0 (L0 1 0 (0N, 1o
v “r2ar " or +r23in989 Smg@@ —’_7“23ir12989927 @

where the symbols have their usual meanings. For a spHgrisahmetric setting, the solution to
Poisson’s equation outside the vacuum space (whete 0) of a central gravitating body of mass
M 1S given by the traditional inverse distance Newtonian gaéional potential which is given by:

_ GM star

r

®(r) = ©)
wherer is the radial distance from the center of the gravitatingybdthe Poisson equation for the case
(p = 0) is known as the Laplace equation. The Poisson equation istangon of the Laplace equation.
Because of this, we shall generally refer to the Poissontauas the Poisson-Laplace equation. In the
case where there is material surrounding this central ntzesis M = M(r), where:

T 2m 2T
M(r) = / / / r2p(r, 0, ©) sin 0dfdpdr, 4
o Jo Jo

we must — in 8), make the replacement ;... — M (r). As already argued in Paper |, if the gravi-
tating body in question is spinning, we ought to consider amithally Symmetric Gravitational Field
(ASGF). Thus, we shall solve the azimuthally symmetricisgtbf (1) for both cases of empty and
non-empty space and show from these solutions that Posseqnation entails a repulsive bipolar grav-
itational field. We shall assume that if one has the emptyespatution, to obtain the non-empty space
solutions, one has to make the replacem@nt;,,. — M(r), just as is done in Newtonian gravita-
tion. This is a leaf that we shall take from spherically synmueNewtonian gravitation into the ASTG
model.
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(r8.q)

Fig. (1) This figure shows a generic spherical coordinate systerh,thwi radial coordinate denoted by
r, the zenith (the angle from the North Pole; the co-latitudig)oted by, and the azimuth (the angle in
the equatorial plane; the longitude) by

2.1 Empty Space Solutions

As already argued in Paper |, for a scenario or setting thaibéz azimuthal symmetry such as a spin-
ning gravitating body as the Sun and also the stars that ptethle heavens (where the unexpected and
spectacular champagne like bipolar molecular outflowste@bserved); we must have:= &(r, 6).
There-in Paper |, the Poisson equation for empty space hexs ‘iselved” for a spinning gravitating
system and the solution to it is:

o £+1
O(r,0) = — Z [AKCQ (%) Py(cos 9)‘| , (5

£=0

where )\, is an infinite set of dimensionless parameters with= 1 and the rest of the parameters
¢ for (¢ > 1), generally take values different from unity. There-in Ralp& suggestion as to what
these parameters may be has been madg3)rwe go further and suggest a form for these parameters.
This suggestion, if correct, puts the ASTG on a pedestal tkerpeedictions without first seeking these
values {.e.the \;’s) from observations. We will show that there lays embeddg8) a solution that is
such that the polar regions of the gravitating central bodlyexhibit a repulsive gravitational field. It
is this repulsive gravitational field that we shall proposétee driving force causing the emergence of
outflows. But, we must bare in mind that outflows are seen iioregin which the central gravitating
body is found in the immensement of ambient circumstellaenia, thus we must — for the azimuthally
symmetric case (where the central gravitating body is $p@)nsolve the Poisson-Laplace equation for
the setting(p # 0).
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2.2 Non-Empty Space Solutions

Clearly, in the event thafp # 0) for the azimuthally symmetric case, we must have- p(r,0). In
Paper |, an argument has been advanced in support of this thait: ®(r,0) = p(r, ). Taking this

as given, the question we wish to answer is; what form delese) take for a given mass distribution
p(r,0)? or the reverse, what form dogg-, 0) take for a giverib(r, #)? It is reasonable and most logical
to assume that the gravitational field is what influences thigiloution of mass and not the other way
round. Taking this as the case, then, we must haved) = p(®), i.e. the distribution of the matter in
any mass distribution must be a function of the gravitatiéietd. We find that the form fop(r, 6) that
meets the requiremeni(r, §) = p(®), and most importantly the requirement that to obtain the-non
empty space solution from the empty space solution one gimpkes the replacemem s, ——
M(r), is:

plr,0) = —— [28 L]é‘@(r,m.

S 4nG |ror 2] 06
How did we arrive at this? We have to answer this question. akeife very easy for us to arrive at
the answer, we shall write Poisson’s equation in rectamgualardinatesi.e.:

(6)

3 82
@ (I)(xalhz) :47TGP($,ZJ72’)7 (7)
j=1 7"

wherex; = z, 22 = y, x3 = 2. Now suppose we had a functidf(z, y, z) such that:

3 ) 2
j=1""

This equation can be written as:

3. 52 3.3, o2
ZW F(l’y7z):_ ZZ 81‘81‘J F(x,y,z) (9)
j=1 "7 R

JoiAg

Now, if and only if the gravitational potential did satisfy)( then, comparison of7§ with (9) requires
the identification®(z, y, z, ) = F(z,y, z), and as-well the identification:

3 3
1 0?
i

What this means is that the non-linear terms®fdome about because of the presence of matter. Now,
if we transform to spherical coordinates, it is now undevdtas to why and how we came to the choice
of p given in ). At the end of the day, what this means is that we can choosdewér form for

®, the densityp will have to conform and prefigure to this setting of the gtational fieldvia (10).
Only and only after acceptind.Q), do we have the mathematical legitimacy to choose to miaitie
form (5) which we found for the case of empty space such that in theepé M ;.- we now can put
M(r), hence thus in the case where a central gravitating contlensd mass is in the immensement
of ambient circumstellar material, we must have:

[e%e] /41
D(r,0) = — Z Aec? (M) Py(cosb), 1y
=0

rc?
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where M (r) is given in @). We believe this answers the question “What form doees6) take for a

given ®(r, #)?” and at the same-time we have justifi& {iz how we have come to it. Importantly, it

should be noted that the observed radial density profile imtaiaed by the choicelQ), i.e. p(r) =

fo 27 2 p(r,0)sin0dodr « r—“». Also important to state clearly is that, all the above ireplthat

the graV|tat|onaI field is what influences the distributidmmatter — this, in our view, resonates both

with logic and intuition. We shall demonstrated the assarthat:p(r) = |/ fo p(r,0) sin 8dOdr
~% . We know that:

r 2m r 2T r
/ / r2p(r, 0) sin 0dfdr = / 2 </ p(r,0)sin 9d0> dr = 47r/ r2p(r)dr (12
o Jo 0 0 0

this means:

1

2w
—/0 p(r,0) sin 0d6. 13

p(r) = o

Our claim is that ifo(r, 8) is given by ) such thatb(r, 6) is given by (1), whereM (r) in (11) is such
that M(r) o« r* for some constant, then:

1 2
p(r) = — / p(r,0) sin 00 o v, (14)
4 0

whereq, is some constant. We know that:

1 1 29 1Y 0%(r,0)

— 0)sin0df = ———— - = ’ in 6do. 1

ar J, plr,0)sin 16772G/0 (r or r2> a9 " (19
We have substituted(r, #) in (6) into the above. This simplifies to:

17 1 20 1Y\ [* 0d(r,0)

_ 3 _ - 4 < . 1

e p(r,0) sin 0d6 TTe <r o 7"2) /0 59 S 0db (16)

From @1), we know that:

oo £+1 .
= Z \ec? (G./:;(r)) siHOM a7

O(cos0)

£=0

and this implies:

1 e . 2 GM(r) axa 5 OPy(cosf)
o ) o 0smo =~ (25 - r?)z”/ (522) oo e @

(18)
this simplifies to:
Let this be: }()
1 [ ) c? 20 1\ & GM(r) G e 5 ,dPy(cosb)
E ) p(?”, 9) sin 0df = —m (;E - 7‘_2) ;)\[ ( 7"02 ) /0 Sin HWCZH
(19

wherel,(0) is as defined above. It should not be difficult to see fiaét) = 0, [;(#) = 1 and that
1,(9) = 0 forall ¢ > 2. From this, it follows that:
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1 [ ) Apc? 20 1 GM(r)\*
p(r) = E/o p(r,0) sin 0do = (167r2G) (;E - ﬁ) ( o ) , (20
Now, if M(r) o< r* this meansM(r) = kr® for some adjustable constakt Plugging this into the
above, one obtains:
(2a—D) M (GEN? L.y
plr) = ( 16m2G )" (21)

This? verifies our claim in {4). As already said, all the above implies that the graviteldield is what
influences the distribution of matter. Co-joining this résuith the result(0 < «, < 3) in Nyambuya
(2010¢) (hereafter Paper Ill), it follows tha.5 < « < 2). Further, a deduction to be made from the
above result is that the spin does control the mass disiitbuia the term); .

3 THE UNDETERMINED CONSTANTS ),

Again, as already stated in Paper I, one of the draw backseoABITG is that it is heavily dependent
on observation$or the values of\, have to be determined from observations. Without knowlezfge
the \;s, one is unable to produce the hard numbers required to makewmerical quantifications.
Clearly, a theory incapable of making any numerical quandifons is — in the physical realm, useless.
To avert this, already in Paper | and as-well in NyambwH (b) (hereafter Paper Il) an effort to solve
this problem has been made. In Paperreasonable suggestiomas made to the effect that:

-1 l+1

This suggestion meets the intuitive requirements stateétim Paper |. If thesa’s are to be given by
(22), then, there is just one unknown parameter and this paeanset; . The question is what does this
depend on? We strongly feel/believe thatis dependent on the spin angular frequency and the radius
of the gravitating body in question and our reasons are &sifsl

The ASTG will be shown shortly to be able to explain outflowsaagravitational phenomenon.
Pertaining to their association with star formation atyivit is believed that molecular outflows are
a necessary part of the star formation process becausesttigience may explain the apparent angu-
lar momentum imbalance. It is well known that the amount @fdhangular momentum in a typical
star-forming cloud core is several orders of magnitudeaogd to account for the observed angular mo-
mentum found in formed or forming stars (seg.Larson2003b). The sacrosanct Laaf Conservation
of angular momentum informs us that this angular momentumnea just disappear into the oblivion
of interstellar spacetime. So, the question is where ddesatigular momentum go to? It is here that
outflows are thought to come to the rescue as they can act assiblgoagent that carries away the
excess angular momentum. Whether or not this assertiongtrmay have a bearing with reality, no
one really knows.

This angular momentum, if it where to remain as part of theaassstar, it wouldyia the strong
centrifugal forces (the centrifugal acceleration is gitgna,. = w?,,, Rsiar), tear the star apart. This
however does not explain, why they [outflows] exist and hoaythome to exist but simple posits
them as a vehicle needed to explain the mystery of “The Mis8imgular Momentum Problem” in star
forming systems and the existence of stars in their intagtcampact form as firery balls of gas.

2 Under the prescribed condition(r) o 7 leads top(r) o r2@=%. While M(r) = [ fOQW p(r, 0) sin 0ddr, the
basic definitionM (r) = 4773 p(r) /3 must hold too, sinceM(r) is the amount of mass enclosed in volume sphere of radius
andp(r), is the mass-density of material in this volume sphere. @l@e definitions must lead to identical formulas. If thisas t
be so — then; one is lead to the conclusion that 1, and this means (r) oc 7 andp(r) oc »~2. In the face of observations,
the later result is very interesting since MCs seem to favisrdensity profile.
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In Paper II, guided more by intuition than anything else, &swdrawn from the tacit thesis “that
outflows possibly save the star from the detrimental cargef forces”, the suggestion that « (a.)%
where( is a pure constant that must be universal, that is, it musideame for all spinning gravitating
systems. This suggestion, if correct leads us to:

(_1)1€+1 e Co

v= (G (5) 9
Knowing the solar values of; and as-well the value @, one is lead toa, = w?Re ()\?)‘% . As will
be demonstrated soon, the tekmcontrols outflows. Given that; controls outflows and that outflows
possibly aid the star in shedding off excess spin angular embam, the best choiééor this parameter
is one that leads to these outflows responding to the spineoftdr and as well the centrifugal forces
generated by this spin in such a way that the star is able thaffithis excess spin angular momentum.
So, what led to this proposal o (a.)% is the aforesaid. Now, we shall revise this suggestion by
advancing what we believe is a far much better argument.

If outflows are there to save the nascent star from the rughéss of the centrifugal forces, then, it
is logical to imagine that at the moment the centrifugal ésrare about to rip the star apart, outflows
will switch-on, thus shedding off this excess spin angulanmentum. The centrifugal forces have their
maximum toll on the equatorial surface of the star hencegfddntrifugal forces are to rip the nascent
star apart, this would start at the equator of the nascenti@ta centrifugal force on the surface of the
star acting on a particle of massis F. = mw?,,, Rstar = ma. and the gravitational force on the same
particle isFy, = GMm/R2,,, = mystar- NOW lets define the quotier® = F./Fy = ac/gstar. If the
particle where to stay put on the surface of the star, thenWaave F,. — F,, < 0 = Q < 1;and if the
particle where to flyoff the surface, we will havé,, — F,, > 0 = Q > 1. The critical condition before
the star begins to be torn apartfis — F, = 0 = Q = 1. All the above can be summarized as:

<1 No Outflow Activity
Q:=<¢ =1 Critical Condition . (29
>1 textrmOutflow Activity
Lets call this quotient, the Outflow Control Quotient (OCQJearly, the OCQ determines the necessary

conditions for outflows to switch on. Given this, and as-wledl thinking that\; controls outflows, the
suggestion is clear that oc Q. If this is correct, then:

A= (Q%. (25
We shall take this as our proposal for and this means we must determifge(,). From the above, it
follows that:
@ Co
% = <%> , (26)
Ay Qo

whereQg = a /ge anda? is the centripetal acceleration generated by the Eartlivsatghe equator
and g4, is the gravitational field strength at the Earth equatorebilse, O, = a2 /g, is the solar
outflow quotient whera® is the centripetal acceleration generated by the Sun’sspire solar equator
andg, is the gravitational field strength at the solar equatore@ithat:(wg = 7.27 x 1075 Hz and
we = 2.04 x 107°Hz), (Rg = 6.40 x 10°m andR = 6.96 x 10®m) and (g = 9.80ms 2 and
Jo = 27.9g¢). From this data, it follows that:

Qo
5 169 (27)

(O]

3 We speak of “choice” here as though the decision is ours or thimparameter must be. No, the decision was long made
by Nature ours is to find out what choiddaturehas made. That said, we should say that, this “choice” is méitheexpediency
—i.e, this choice which is based on intuition, is to be measureihag experience.
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Table (1) : The (¢o, ¢) Values for the Two Different Values of AP.

AY AP o Co (o
(10%) (10%) (10%)

2.00+0.80 21.00£+4.00 0.90+0.10 13.00£6.00 5.00 4+ 3.00
15.00 £7.00 21.00+4.00 1.30=+0.10 500 =+ 400 400 =+ 200

Now, in Paper I, we did show that depending on how one ingtgthe flyby equation, one obtains two
values ofAy, i.e. A = (2.00 + 0.80) x 10% and\{ = (1.50 + 0.70) x 10*. If the spin of the Earth is
significantly variable during the course of its orbit arotinel Sun, we will have ¥ = (2.004-0.80)x 10?
and if the spin is not significantly variable, thexj; = (1.50+0.70) x 10% If A = (2.00+0.80) x 10%,
then:

AP 15000 + 7000
21 = + 28
AP 21.00 £ 4.00 800 = 500, (28)
and from this it follows thaB00+500 = 169.19%, hencely = 1.3040.10. If \Y = (1.50+0.70) x 10%,
then:

2§ 2000+ 800

4 S 0 100+ 29
AP 21.00 £4.00 00:£60, (29

and from this it follows thal 00 + 60 = 169.19% hence(, = 0.90 + 0.10.

If o and(, are the(-values for the Earth and the Sun respectively, then)for= 15000 -+ 7000,
we will have(s = (3.40 + 2.70) x 107 and(s = (8.00 + 4.00) x 10'°; and forAY = 2000 + 800,
we will have(s = (3.40 + 2.70) x 107 and(, = (8.00 4 4.00) x 10'°. Table () is a self explanatory
summary of all the above calculations. The mean valuesfof the case\{ = (2.00 4 0.80) x 10°
is ¢ = (8.00 + 1.00) x 10° and for the casa{ = (1.50 + 0.70) x 10* is ¢ = (4.00 + 2.00) x 107,
These mean values have been obtained by taking the valdgsarfd(. where they intersect in their
error margins.

As argued in Paper Il, the valu§” = (2.00 + 0.80) x 10 has been obtained from the assumption
that the spin of the Earth varies widely during its course®noiibit around the Sun. This is not supported
by observations thus we are not persuaded to take-up/reeadhthis value oA = (2.00+0.80) x 103,
Also, as argued in Paper Il, the vald& = (1.50 & 0.70) x 10* is obtained from the assumption that
the spin of the Earth does not vary widely during its courséoarbit. Thus, we shall adopt the values
of (o, ¢) that conform with\{” = (1.50 + 0.70) x 10* and\{ = 21.0 + 0.40, hence:

1.304+0.10
A1 = (4.00 £ 2.00) x 107 (“—) . (30)

gstar

Obviously, the greatest criticism against this result & this obtained from just two data points. To
obtain something more reliable, one needs more data pdinisis something that a future study must
handle, at present, we simple want to set-up the matherhatmdel from the little available data and
when data becomes available, amendments are made acdprilifitle we have used the minimal
possible data points, one thing that can be deduced frond#tisis that this result obtained points to a
correlation as proposed i2%) — otherwise, if there was no correlation as proposed, theesaf((y, ¢)
obtained the two values of; do not vary widely as is expected if the proposed relatignéth) did not
hold at all.
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4 OUTFLOWS AS A GRAVITATIONAL PHENOMENON

We shall look into the empty and non-empty space solutiorhefgolution of the Poisson-Laplace
equation and show that both these solutions exhibit a rseubépolar gravitational field and that this
repulsive gravitational field is controlled by the paramete

4.1 Non-Empty Space Solutions

Now, if one accepts what has been presented thus far — asensthéwwn in this section; it follows that
outflows may-well be a gravitational phenomena. First, fitbi previous section, it follows that we
must take the ASTG only up to second ordes;

2 29
& — - GM(r) m )qGM(?Q") cos 0 o (GMQ(T)> (3005 6 1)] . (31)
T rc rc 2
We know that the gravitational field intensity(r, §) = —V®(r, 0) = g,(r, 0)f +go(r, )8, this means:
Term | Term Il
2 : * (3cos?f—1
o =an |14 /\1G./\/l(2r)c059_|_3/\2 (GMQ(T)) (3005 0 ) 7 (32)
rc rc 2
where:gy = —GM(r)/r?, is the Newtonian gravitational field intensity and:
2
go = gnrZsinf L/\;l(r) + 9\ (G./\/l2(r)) cos 9] : (33
rc rc

For gravitation to be exclusively attractive (as is expéftave must have:d.(r,6) > 0] and
lge(r,0) > 0]. From 32) and @93), it is clear that regions of exclusively repulsive gratidga will
exist and these will occur in the region where; (r,0) < 0] and [go(r,6) < 0]. This region where
gravity is exclusively repulsive is the region where it ig attractive, it is the negated region of the
region of attractive gravitationi.p. {g,(r,0) > 0} and{gs(r,0) > 0}]. Let us start by treating the
case: §i-(r,0) < 0]. From 32), if: [g.(r,0) < 0], then: (Term I< 0) and (Term lI< 0), as well. The
condition: (Term I< 0), implies:

r<—A\ (726'/\;1(7")) cosf = )\ <72G/\;l(7")) cos 0, (39
C C
(NB: cos§ = — cos /) and if one where to takesuch that it only takes positive values, the3¥)(must
be written in the equivalent form:
2
r< A\ (%) |cos )], (39
C

where the bracketf]| represents the absolute value. We have to explainiteisyhy we concealed
the negative sign in34) and inserted the absolute value operato3).(From 34), it is seen that this
inequality includes negative values ofand to avoid any confusion as to what these negative values
of r really mean, this needs to be explained for failure to do sfaiture by the reader to understand
this means they certainly will be unable to agree with thdlowt“picture” laid down herein. This
explanation is important in order to understand the momuinobf the outflow and as-well the ASGF.

For a moment, imagine a flat Euclidean plane and on this pkin®, A and P be distinct and
separate points on this plane with O and A being fixed and P &iahle point. In polar coordinates,
as in the present case, a point P is characterized by two msnthe distancér > 0) to the fixed pole
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or origin O, and the anglé the line OP makes with the fixed reference line OA. The afgkonly
defined up to a multiple af60° (or 27 rad, in radians). This is the conventional definition. Sames it

is convenient as in the present case to relax the conditien0) and allowr to be assigned a negative
value such that the poirt, #) and(—r, # + 180°) represent the same-point, hence thus when ever we
have(—r, #) this must be replaced ly, # —180°). Itis easier for us to always think efas always being
positive. To achieve this, given the fact thatr, §) = (r,0 — 180°), we must write 84) as has been
done in B5), hence 85) finds justification. This explanation can be found in any djoeathematics
textbook that deals extensively with polar coordinates.eldéter, whenever a similar scenario arises
where negative values ofemerge, we will automatically and without notification assuthat(—r, )

is (r, 0 — 180°) and this will come with the introduction of the absolute \&&ign as has been done in
(35).

Now, proceeding from where we left. As has already been @xgdiat the beginning of this section,
we have to substitute the Mass Distribution Function (MDH)r) into (35) and having done so we
would have to make the subject. It has been argued in equatidrof Nyambuya 2010¢) (hereafter
Paper Ill), that for a MC that exhibits a density profit¢r) o« r~*», whereq,, is the density index, that
the MDF is given by:

Circumstellar Mass Inside Region of Radiusr

,,,370@ B R3—Olp Nascent Star's Mass
./\/l(?") = Mcsl (M—s;m:l> + Mstar for r > Rstara (36)
Yo _ R P
core star
where M., is total mass of the circumstellar material at any given {ifRg;,. is the radius of the
nascent star at any given ting,.... is the radius at any given time of the gravitationally boundec
from which the star is forming.

Now, substituting the MDF (given above) int8) and thereafter making the subject of the for-
mula would lead to a horribly complicated inequality thatuebrequire the use of the Newton-Ralphson
approach to solve. Since ours in the present is but a queditahalysis, we can make some very realis-
tic simplifying assumptions that can make our life much eadf the spatial extent of the star is small

compared to that of the core.: (Rstar < Reore = Rio_ri" — Ri’;f,’f” ~ Rio_{é”) and the mass of the

star is small compared to the mass of the d@e (Mo K Meore = Mesi =~ Meore), then, the
MDF simplifies to:

r 3—(1,)
M) = Moo (R) | 37

Inserting this into 85) and thereafter performing some basic algebraic commusthat see as the
subject of the formula, one is lead to:

r< {)\1 (%) Rcore] |cos 9|ﬁ . (398
Now, if we set:
1
([ R
then @38) reduces to:
r < €5 “Rstar |COS 0|ﬁ = lnaz |COS 0|ﬁ , (40)

where:l o = €§°7Rstar. On thexy-plane as shown in figure), the equationt = [, |cos 0] =ap ,
describes two lobs. For the purposes of this reading, letoheme of revolution of the lob be called a
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loboid, and the loboid above theaxis shall be called the upper loboid, and likewise the idtb@low
thex-axis shall be called the lower loboid.

Now, the condition: (Term Ik 0), implies: [0 < cos™!(+1/+/3)], which means(—54.7 < 6 <
54.7). Now, for the azimuthal component to be repulsive, we muséehigy(r, 6) > 0], we will have
from (33), the condition:

9)\2 2)\1GM (7‘)
> <2)\%) ( 2 cosf. (41
Now going through the same procedure as aball,¢an be written as:
7 > L |COS 9|ﬁ , (42
where:
~(19n |7
Thus, coalescing the results, invariably, one is led to katecthat the region of repulsive gravitation is:
lmin <7 < limas) & [cos1 (—L) <0 <cos! <L>} (44)
min max \/g \/g N

In the region described above, the gravitational field idhlvatially and azimuthally repulsive, that is,
there is complete gravitational repulsion in this regioietd®ially, a summary of the emergent picture
of the repulsive gravitational field in shown in figu® (This picture — in our view, fits the description
of outflows, the limiting factors are the sizes f,. andl,,;,, these values all depend on the one
parameter\;, hence thus, this parameter is the crucial parameter whetdrmhines the properties of
outflows. Shortly, we will discuss this picture but beforéstht is necessary that we go through the
empty space solutions as-well.

4.2 Empty Space Solutions

As will be demonstrated in this section, the picture imagdiogn the empty space solution is not dif-
ferent from that of the non-empty space solution. HoweVeatd is an important difference between
these two pictures and this difference need to be statedr Bminning gravitating body is not giving off
material like the Sun, then the region of repulsive graigtawill occur inside the this body. 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 82) and @33), it is clear that regions of repulsive gravitation will skand these
will occur where ,.(r,0) < 0] and or [go(r,8) < 0]. We shall as before start by treating the case
[gr-(r,0) < 0]. From 32), if [g,-(r,6) < 0], then (Term I< 0) and (Term ll< 0) as well. The condition
(Term | < 0) implies:

r<—A (262'2/\/1) cosf, (45)

where in the present cagel(r) must be replaced by, and this can be written in the equivalent
form:

2 star
r< A\ (%) |cos ] . (46)

Now, if we set:

RS
e.itar — )\1 (RSZ(LT> , (47)
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{Possible} Shock Ring D

Fig. (2) This figure illustrates the emergent picture from the azimally symmetric considerations of
the Poisson equation. While fanning out matter in the regfamepulsive gravitation, the rotating star is
surrounded by an equatorial disk; once the outflow switdreghis disk is the only channela which
the mass of the star feeds. The disk is not affected by radiati the sense that some of its material
close to the nascent star will be swept away by the radiatedd, fno! The force of gravity along this
disk is purely radial and is directed toward the nascent.

whereR?, ., = 2GM 4,/ c* is the Schwarzchild radius of the star, thég)(reduces to:

star
r < € Ratar| €080 = lmaz| cosb)|. (48)

Now, the condition (Term Ik 0), as before, impliesf < cos™'(£1/v/3)] , which means{—54.7 <
0 < 54.7). Again as before, for the azimuthal component to be repeilsie must haveyy(r, 6) > 0],

we will have from 83), that:
9\, 20 GMgiar
— | | ———— | |cos 4
> (2)\%) ( 2 >|(‘050|, (49

and we need not explain anymore why the above can be written as
7 > lmin| cos ), (50
where this time:

Lo
min T 2)\%

Coalescing the results, invariably, one is led to conclhdé the region of repulsive gravitation is:

lmar{: N (5 1)
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lmin <7 < lmaz] & [cos—1 (—%) <0 <cos! (%)} . (52

As in the case of the non-empty space, in the region descebeue, the gravitational field is both
radially and azimuthally repulsive, hence there is congptgawvitational repulsion in this region. The
emergent picture is no different from that of the case of empty space. The important difference is
that the region of gravitational repulsion is confined inititerior of the star ife; < 1), itis not visible
outside. If(e; < 1), there will exist no repulsive bipolar gravitational fieftat is visible to beyond the
surface of the spinning star. In the interior of the star,dbkitions obtained for the case of non-empty
space is what must apply.

5 ASGF OF A SPINNING CORE WITH AN EMBEDDED SPINNING STAR

Central to the ASTG is that the material under considergi@ssesses some finite spin angular momen-
tum. In the case of a nascent star embedded inside a gramiyi bound core, we are going to have the
star’s spin angular frequency being different to that of¢lmeumstellar material; because, in the early
stages when the nascent star is forming, the spin angutprdreey of the circumstellar material and the
star will, on the average, be the same since it is expectaciftamstellar material and the star will
co-rotate; but, because of the increasing mass and spidaimgamentum of the nascent star due to
the accretion of material, at some-point, the star mustibodéifrom this co-rotational motion and spin
independently of the circumstellar material, thus in thd,ehe star will have a different spin angular
frequency to that of the circumstellar material. The défarspin angular momentum of the nascent
star and the circumstellar material will come along witHfeti&ntA-values. Assuming the circumstellar
material is co-rotating with itself, it must have its owrvalue, let us call this\¢*! and that for the star
be )\star.

ff there is a way of calculating the ASGF of the star at pgint)) and that of the circumstellar
material at that same poifit, §), then one will be able to calculate the resultant ASGF at aytfr, 0)
because the gravitational field is here a scalar.d.g},- be the Azimuthally Symmetric Gravitational
Potential (ASGP) of the star and that of the circumstellatemial be®. ;. Knowing ® ., and® g,
clearly the resultant ASGB.;; at any point(r, 0) iS ®.j; = @40 + Dcsi, hence one will be able to
obtain the resultant ASGF. The ASGF of the star is not diffitubbtain, we already know that it must
be given by:

star 2 20 _
(I)star _ _GMstar [1 + )\1 G/:a/(l;tar cos + )\Stm- <GMstar) <3COS 0 1>‘| . (53)

r rc? 2

Now, we have to obtain the ASGF of a spinning core. The grawital potential 81) is the potential of
star that is co-rotating with the circumstellar materiikve remove the central star from this gravita-
tional potential what remains is the gravitational potalndf a spinning core. Removing the central star
from this potential means sétl ;.- = 0, hence, the gravitational potential of a spinning core rbest

GM s ()

r

(I)CSI = - 1

. AL G M g (1) cos 0 4o (GMCSl(r)>2 3cos2f — 1

rc? 2

] : (54

rc?

where)g*! is the\,-value for the spinning circumstellar material and:
ri% — Reaw” (t)
33—« 3—

Rcor(;p (t) - RCO«U(XP (t)

is the circumstellar material enclosed in radiudNow, as argued alread¥. ;s = Psror + Pest, thus
adding these two potentialsd. 53 & 54), one obtains:

M(:sl(r) - Mcsl < ) for T Z R(:(w(t); (55)
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NS
0 G /\starME-‘rl /\cslMﬁ-‘rl T
DPepr(r,0) ;:02 B star - st (1)} Py(cos0). (56)

This is the ASGP of a star that spins independently from it®.cBor convenience, we can write:
1
M) = Dt MEEL + A MEE ()} 7T, and call this the effective gravitational mass for the

star csl

Eth graV|tat|onaI pole. By/*" gravitational-pole, it shall be understood to mean tHeterm in the
gravitational potential term. This means the above can litéanrin the clearer and simpler form:

oM )\
Oesp(r,0) = Z (T) Py(cosb). (57
=0

To second order approximation, this potential is given by:

eff eff . eff 2 .
@ff:_(WTU) LA <GM_<>6> g <GM <>> (1))

rc? rc?
(59)
where:ry, = M (r) ) MET (). We shall assume this ASGP for a star that spins indeperydeoih
its core.

6 OUTFLOW POWER

Clearly, we do have from the ASTG regions of repulsive gedion whose shape is similar to that seen
in outflows. If these outflows are really powered by gravitg tjuestion is: does the gravitational field
have that much energy to drive these and if so, where doe®tigiggy come from? To answer this
guestion, one will need to know the dominant radial compboéthe gravitational force since outflows
dominantly operate along the radial direction. Clearlg ofithe new extra poles in the gravitational field
must be the cause of the outflows since without them, thera@maitflow. For our investigations, the
correct gravitational potential to use B7j and of interest in this potential is the gravitational paizl
of the star. This invariably means we are looking %8)( So doing, one sees that the first order term
(involving A1) is an all-repulsive term as already argued while the secoddr them (involving\s) is
repulsive and attractive, it depends on the region undesideration.

Now, to ask what powers outflows amounts to asking: “Whate# tnergy source?”. If this energy
source is the gravitational field, then, we know that the gyestored in the gravitational field whose
potential is described b$(r, 0), is given by:

star P (o0, 271')

9fa1

ggpe / / )dM, (59)
@(r,0)

and plugging into the above the ASGP, and thereafter penfigrthe integration, one is led to:

GM Y7 star

star _
Epuer (r) = ==

gpe L+

(60)

rc? rc?

2
AlGMstar + )\2 <GMstar> ‘| 7

and using the fact thatt ;o = Lo (Maar/Me)?, one is further led to:

GM2 [ Lorar\ AL GM 5
star _ ® star 1 ATV star
Eape’ (1) = 27 ( Lo ) [1 o ( Lo > ] ' (62)
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If M.+ is the mass of the outflow at positierandV/,,.; is the speed of this outflow at this position and
Kout IS the kinetic energy, we know that:

dt 7 dt V2 dt (62)

out out

<dMO1Lt(T)> 1 d I:MOTLt(T)VOQ’U,t] _ 2 dlcout

where the brackef]) tells us that we are looking at the average. Now if the grévital energye;1e" (r)

is equal to the kinetic energy of the outflow, then, from thewtband, coupled with the said, one is led
to:

AMour(r)\ _ _T6COMEVoui (Lotar\* || | 20CMo (Lotar)? , (63)
dt r Lo re? Lo

whererg = G /G and@ is the time derivative of the Newton's gravitational cométén the derivation of
the above, we have considered only first order terms and wedssumed that the gravitational constant
is not a constant. Evidence that the gravitational consteybe changing existsg.see Pitjevg2005)
and references therein. The ASTG also points to a variafitimeogravitational constant and the details
of this are being worked otiand we give in the subsequent paragraphs how this comes about

As it stands, the Poisson equatioi{® = 47Gp) for a time varying® & p, is not in conformity
with the Relativity Principle. According to our current werdtanding of physics ardature the seem-
ingly sacrosanct Relativity Principle is a symmetry thaggy_awof Physics must fulfill. The Relativity
Principle states that Lawsf Physics must be independent of the observer’s state of matid as-well
of the coordinate system used to formulate them. If the Baisgjuation is to be a Lawef Nature, then,
it must successfully fulfill the Relativity Principle. Thiseans we must extend the Poisson equation to
meet this requirement and the most natural and readilyablaiksuch is:

1 9%®
c? Ot?

wheret is the time coordinate. This equation satisfies the Retgti®rinciple simply because it di-
rectly emerges from Einstein’s equation of the General ThebRelativity (GTR). We know Einstein’s
GTR, specifically the Lavef Gravitation relating matter to the curvature of spacetidues satisfy the
Relativity Principle; hencegd) too, satisfies the Relativity Principle. This equatior.(64) is what we
are working out, we shall show that it leads to a time varighl&o, as will be shown in the near future,
the time variable> in (63) is not without a basis.

Now, from (63), one sees that\ . (r) V*Q(T)Lz/3 Given as stated in the introduction that

out star*

observations findM .. (r) o V18£8  which is close to what we have deduced here; this points

out star?
to the fact that the thesis leading to our deducti®iy,; (r) o V_Q(T)Ei{{i,, may very well be on the

out
right path of discovery. This clearly points to the need twkiinto these matters deeper than has been
done here.

From the above, clearly — a meticulous study of outflows ghbel able to measure the time vari-
ation in the gravitational constant and this hinges on the corrects of the ASTG. This would requir
higher resolution observations to measure the mass outfita\[1,,.(r)] at positionr from the star
and as well the speed of the outflow at that point and knowiegntlass or luminosity of the central
driving source, a graph 0&.g: 7M. (r) vs V.2 (r)Li{f,,, should in accordance with the ideas above,
produce a straight line graph whose slopedév'/\/%. This kind of work, if it where possible, it would
help in making an independent confirmation of the measured tiariation of Newton’s constant of

gravitation and it would act as further testing grounds lier falsification of the ASTG.

V2o = 47Gp, (64)

4 We are at an advanced stage of preparation of this work anitl kawn be archived owmiXra.org check Golden Gadzirayi
Nyambuya’s profile. Title of the Papek Foundational Basis for Variable-G and Variable-c Thesrie
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7 OUTFLOW ANATOMY

Briefly, we shall look into the anatomy of the outflow. We sayiélfly” because each of the issues we
shall look into requires a separate reading to fully additess. First, before we do that, it is important
to find out when does the outflow switch-on and also when dogwitth-off. That at some point in
time in the evolution of a star, outflows switch-on and off @ debatable. So, before we even look
into them, it makes perfect sense to investigate this. Frgordi @), we see that the anatomy of the
outflow has been identified with four region®. the Outflow Feed Regiqrihe Outflow Regiorand the
Shock RingAfter investigating the switching-on and off of the outflome will look into the nature of
these regions. Our analysis is qualitative rather thantifative. We believe a quantitative analysis will
require a fully-fledged numerical code. Work on this numedraode is underway.

7.1 Switching-onof Outflows

Let us call the loboid described by the outflow loboid and likewise the loboid described B2)(
the outflow feed loboid. From the preceding section, it isratauntly clear that we are going to have
repulsive bipolar regions whose surface is described byha end a outflow loboid section. From this,
we know that the maximum spacial extend of the repulsiveitgonal field region will be given by
the maximum spatial length of the lobes which occurs whest = 1, i.€. 1,0 = € Rtar. NOW,

to ask the question when does the outflow switch-on amoustskiog when ig,,,,,. equal to the radius
of the star? because the repulsive gravitational field wiliyananifest beyond the surface of the star
if and only if the maximum spatial extent of the region of repulsive gedion is at least equal to the
radius of the stai,e. l;,a0 > Rstar, this means),.. = €5'“"Rgqr; clearly, this will occur when:
(este” = 1). Therefore, outflows will switch-on when the conditiqa; = 1), is reached, otherwise
when:(e§’*" < 1), the repulsive gravitational field is confined inside the.sta

This strongly suggests that if we are to use the ASGT to modtlowvs, then we must think of
€1 (hence);) as an evolutionary parameter of the star, this value starts of from a given absolute
minimum value(saye§'*" = 0), and as the star evolves, this value gets larger and largiéisunh a
time that the repulsive gravitational field is switched orewh(¢5!" = 1), and thereafter it continues to
grow and as it grows so does the spatial extend of the outfloweshis parameter controls the spatial
size of the region of the repulsive gravitational field).

If the outflow switches on — as it must, the question is: “Whesld switch on at that moment when
it switches on and not at any other moment? What is so spdwialtahat moment when it switches
on that triggers it [outflows] to switch on?” As we have alngadgued, this special moment is when
(esor¢ = 1) for a star that co-rotates with its parent core &{&" = 1) for a star that rotates indepen-
dently of its parent core. From equatid@d®@nd47), this means we must have:

core 47T2R§OT‘€ CO 2GMCOT€ 2_(yp Rcore
€ = |C 5 5 =) =1, (65)
GMCOT(Z,];(;TQ & RCOT@ RSt(I,T
and for a star that rotates independently of its core:
Ar?R3 © 12GM
star star star
E C <GMSULT7;?‘,(M’) < CQRstm’ ) ’ ( )

where(Z.ore, Tstar) @re the period of the spin of the core and the star respegtifel 2" is the period

of the core’s spin when the outflow switches on @i}, is the period of the spin when the outflow
switches on, then, from the above equations, it follows: that

on v 2GMCOT€ 17<O on Qp— on —Q o
5. = (%) l<<72) (Refr) ™™ (RE,)™ ”H] ! (67)

C
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on (T | (2GMGN"T om0t |
7;1‘,(1,7’ = (_) [C (72]‘) (Rstm’)gco 1] ’ (68)
C C
where (M2, R R ) are the mass and radius of the star and core at the time thewoutfl

switches on respectively. From this, it follows that if thenSwvere to spin on its axis once in every
7.70 £+ 0.40 hrs (.e. 39.0 + 2.00 uHz), the bipolar repulsive gravitational field must switahand for
the Earth, it would require it to spin once on its axis in evedy0 + 2.00 min (i.e. 1.80 + 0.50 mHz). If

the above is correct, then the Earth must spin about one bdrahd forty four times its current spin in
order to achieve the bipolar repulsive gravitational fieldlerthe Sun must spin about five thousand six
hundred its current spin rate to achieve a bipolar repulgpiagitation. The spin rate of the Earth is far
less than that needed to cause the bipolar repulsive gianighto switch on thus polar bears can smile
knowing they will not fly off into space anytime soon.

We know that outflows are not always present, at some-poitiiénevolution of the star, they
switch-off. What could cause them to do so? Given the retdaywithin the outflow loboid, there is the
outflow feed loboid; this too, grows in size as the outflow liabgrows; at some-point the outflow and
the outflow feed loboid will become equal — leaving the outfleith no feed point. At this point when
the outflow and outflow feed loboids become equal, clearky,ahtflow must switch-off. This occurs
whenl,,az: = Lni, and from @3) this means the condition for this to occurlls| = 2)%/9 and given

thatA; = —\1 /96, this means\?'/ = 9/192. From @9), it follows that:

) Am2R3, ' (2GMrar 9
)\1ff:§ t2 5 t = —, (69)
GMstg,q-'];tm, C Rstar 192
this implies:
1-¢ %
1 of f —Go B 0
Tl = (B2 (D) [ (2% ) (mef) T 70
: 9 c 2 sta
where likewise(M./ R/ ) are the mass and the radius of the star at the time when thewutfl
switches off. We expect thats”, > T5// . If this is to hold, then:
1-Co 3¢o—1 2
Ml R 9 \?
——_=4ar —=ar < | == = 0.30. 71
( on | R, 192 (1)

Hence, outflow activity will take place when72!/ < T, < 7T97). When T.ur =
797 we havere, = 9RS,,./192R.,. Using the approximate relation for an accreting star:
Rstar ~ 61Re (Mgiar/Mg), One arrives ate; = 3.32 x 10%. This means(e{” = 1), and:
o7 = 3.32 x 105, wherees™ and¢¢’//, are the values of, when the outflow switches on and off

respectively, hence thus outflow activity will take placeidg which period when:

1<e <3.32x10°, (72

The emerging picture is thd&t gets larger and larger as the star accretes more and moe onatit
a peak moment is reached (most probably when the star stopsngrin mass) where upon the spin
begins to slow down, in which process of slowing down the irmaity inside the lob of the outflow is
created. This inner cavity grows bigger and bigger as thé&sspin slows down, until such a time when
the spatial dimensions of this cavity is equal to the outflobel itself. Once this state is attained, the
outflow switches off because the growing cavity has — eatefnamp within, all the outflow region.

Clearly, the above picture suggests that the spin of a stelnas controls outflows, at some specific
state, the outflow switch’s-on; it evolves to some peak spiloie; thereafter, its spin slows down. This
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means that during the outflow process after the begins to dawn, the star loses some spin angular
momentum. This idea resonates with the long held suggedisonssed earlier that outflows are thought
to exist as one means to tame the spin angular momentum of @ste.g.Larson2003b). We will not

go deeper than this in our analysis. The aim has been to slanthhemergent picture of outflows from
the ASTG is capable (in principle) to answer such questibhis means in a future study, these are the
things to look forward to.

7.2 Outflow Feed Region

In the Outflow Feed Regionke. the region in figureZ) described OEF and OGH, clearly, any material
that enters this region is going to be channeled into the @utRegion because the repulsive radial
component of the gravitational field (aided by the radiafieldl) is going to channel this matter radially
outward while the azimuthal component is going to going tarotel this outward radially moving
material toward the spin axis, hence it is expected that widbe matter will enter the Outflow Region
along the the spin axis of the star. It is important to staé¢ tlo matter the radiation from the star, there
will be no reversal of in-falling matter outside the regidhrepulsive gravitation due to the radiation
field of the nascent star — we shall discuss thi§(B).

7.3 Outflow Region

The Outflow Region is comprised of a section of a cone (O®BJCD), the outflow loboid minus
the Outflow Feed Region. In this Outflow Region, the grawiagi force is both radially azimuthally
repulsivei.e,, (go > 0) and(g, > 0). This means, once the repulsive gravitational force isciveitl-
on and it is in a fully fledged phase, all material found in tlégion is going to be channeled out of
this region radially along with most of the matter concetgiiealong the spin axis. The material will be
concentrated along the spin axis because the repulsiveitizlty gravitational component will channel
toward the spin axis. The repulsive radial component pusteamaterial out radially, while the repulsive
azimuthal component of the gravitational force draws thégarial close the spin axis hence the bulk of
the outflow material must be found along the edge spin axis.

Where the cone meets the outflow lobaid., along AB and CD, there is going to be rings.
Considering the ring AB, it is clear that this ring (as CD) mhbe a shock front since on this ring,
along the radial line OA, the in-coming material will meeg thutgoing material with equation but op-
posite radial forces. This equal and but opposite forced greate (radially) a stationery shock. This
shock is going to have aring structure — let us call thisSheck RingAs the rings AB& CD, EF& GH
will be rings too, but not shock things. These rings &Fk5H are the mouth of the outflow and matter
enters in to the outflow regiovia this opening.

7.4 Shock Rings and Methanol Masers

Given that(1) : AB & CD are shock ringg2) : that methanol masers (amongst other pumping mecha-
nisms) are thought to arise in shock regions g8)d the observations of Bartkiewiet al. (2005) where
these authors discovered a ring distributios afGHz methanol masers, it is logical to assume that this
shock ring may well be a hub of methanol masers arising frarstiock present on this ring. Recent
and further work by these authors strongly suggests that@d®iMasers is a natural occurrence in star
forming regions as (Bartkiewiczt al. 2009).

This ring distribution of masers components, they beliguengly suggests the existence of a cen-
tral source — this is the case here, the central source migss exd it is the forming star. They found an
infrared object coinciding with the center of the ring of meswithin78 mas and this source is cata-
loged in the 2MASS survey as 2MASS183451.56-08182114. Deégve this is an evolving evolving
protostar driving this masexga circular shocks — this is in line with the the present. Vergisgly, the
Bartkiewicz Ringof Masers suggests — in our opinion that; our outflow model maywell contain an
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element of truth, that our model contains the possible seegssolution of this puzzling occurrence of
Ring Masers.

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

lsh - lnmm (3)7 4:20;2) ) (73)
and the radius of this shock ring will be:
3—ap
Rring = lmaz(1.5) T2, (74

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

At present more thain00 6.7 GHz methanol masers sources are known to exist (Malyghev
Sobolev2003; Pestalozzet al. 2005; Xu et al. 2003) and are associated with a very early evolution-
ary phase of high mass star formation. The methanol masetirgmat the6.7 GHz frequency first
discovered byl991 is the second strongest centimeter masing transition ofnamlgcule (after the
22 GHz water transition) and is commonly found toward star fation regions. It is typically stronger
than12.2 GHz methanol masers (discovered by Ba#taal. 1987) observed toward the same region.
Methanol masers have become well established tracers mispigts of high mass star formation re-
gions. It is thought that methanol masers occur in the verly stages of massive star formation.

While methanol masers are found in regions of massive stardtion, some have been found with
no associated high mass star formation actively ésgeEllingsenet al. 1996, Szymczaket al. 2002.
Besides this non-association, some methanol masers aregadeen observed to exist in close spatial
proximity of massive stars. This has lead to the classificatif methanol masers into Class | and Class
[I. Class | masers emit at the frequenc2as0, 44.0, 36.0 GHz etc while class Il methanol masers emit
at6.7, 12.2, 157.0 GHz etcmethanol masers is classified as Class Il. Class | metharsg@nsare often
observed to exist apart from the continuum sources , whits<ll are observed to exist very close,
albeit, both classes often co-exist in the same star formeég@n inside an HIl regionse(g. Sobolev
et al. 2004). Clearly,lsr, = o1 (t) andRring = Rring(t) and as the star evolves;, andR i, get
larger. This means in the case of young stars, if this ringislaof methanol masers, it is expected that
methanol masers will be found closer to the star for young Hivi&likewise, for more evolved massive
stars, methanol masers will be found further from the nasstan If this is correct, then it may explain
the aforesaid; why Class Il methanol masers are mostly folowt to the nascent star and why Class |
methanol masers are found existing further from the nastant

High resolution imaging of thé.7 and12.2 GHz methanol masers has found that many exhibit a
simple elongated linear or curved spatial morphologiesiiset al. 1988; Norriset al. 1993; Minier et
al. 2000) and as already stated, depending on the orientation ofttbereer relative to the star forming
system, the ring may appear as a linear structure. These ktreictures have lengths & to 1300 AU.
Because of this, one of the possible interpretations thatiegn entertained for sometime is that the
masers originate in the circumstellar accretion disc surding the newly formed star (Edret al.
2005) and besides this; because of their strong associationowiffows (see.g.Plambeck& Menten
1990; Kalenskii et al. 1992; Bachiller et al. 1995; Johnstoret al. 1992), other than originating from
the circumstellar disk, also, it has been entertained tlethamol maser may originate from outflows
(seee.g.Pratap& Menten1992; de Buizeret al. 2000). Clearly, the outflow origin of methanol masers
resonates with the present ideas. If the ideas herein areatpthen, this reading would of value to
researchers seeking an outflow origin of methanol masers.

Further, if viewed from the same view as in figug, (@nd if as argued above that masers are found
on the ring, one will expect to observe a linear alignment ekers above and below the the nascent
star. This would explain the observed linear alignment ofaeol masers and also the observed linear
alignment of masers above an below the IRAS source found ilecular cloud G69.489-0.785 (see
Fish2007). Given Fish’s observations of blue and red-shifted masetse ON1-region (FisR007), the
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suggested model of this ring of masers is interesting asytoffar an explanation of this unexplained
and puzzle of red and blue-shifted masers at opposite sfdhe (RAS source associated with ON1.

7.5 Collimation Factor

We can calculate the collimation factor of the outflow sinaekmow the extentf,.,) and the breath of
the outflow which is the size of the shock ririgs, the collimation factor could b&.o; = Rring/lmazs
which can also be written as:

3—a

Geot = (1.5) 775 (75)

(this has been deduced from equati@. Now, it is believed that the most stable density profilerig o
with a density indexXc«, = 2), this means molecular clouds in a state different from tkissity profile
will tend to it. Using this assumption, we see that @s; — 2) from (a, = 0), i.e. (o, : 0 — 2),
then we will havei(q.,; — o0). For this setting, generallyy.,, > 1). We also realize that now as:
(geor — 00), when:(«, : 3 — 2), then:(¢.oc > 1), and if: (o, : 0 — 2). For this setting,
generally:(¢..; > 1.36). This means we are going to have two categories of collimdtator value
i.e. (1 < geor < 1.36) for (e, : 0 — 2) and(geo; > 1.36) for (o, : 3 — 2). Because of projection
effects, it is very difficult to measure the true collimati@actor.

Also, because of projection effects, the collimation fadt@mt we measure in real life is not the
actual collimation factor but the projected collimatiowrtiar. If we know the actual collimation factor,
we will be able to know the density index since frowb)( we can deduce that:

1 2 -1 1 4
=2 (184 _q) 08(deor/8) (76)
log 1.5 log(1.5)

LMSs are known to have relatively low outflow collimation facs (g..; ~ 20) while HMSs have
significantly high outflow collimation factors, sometime=achg.,; ~ 20. From (76) the aforesaid
implies, assuming these collimation factors are a goodegtation of the real collimation factor, that
LMSs cores have density index, = 1.56 and HMS cores have density inday = 1.98. This is not
unreasonable but very much expected. The fact that for HM®ifm cores, we have, = 1.98 and

for LMS forming cores we have, = 1.56, means HMS cores are much more dense compared to LMS
forming cores.

8 RADIATION PROBLEM

While the main thrust and focus of this reading is not onRlaéiation Problenassociated with massive
stars, but on the polar repulsive gravitational field ang@ssible association with the observed bipolar
molecular outflows, we find that the ASTG affords us a windovepportunity to visit this problem.
This so-called radiation problem associated with masgaes $1ias been well articulated in Nyambuya
(2010c¢) (hereafter Paper Ill). There is no need for us to go throbhgtdetails of this same problem here
but we shall direct the reader to Paper Il for an expositibthe radiation problem. In the subsequent
paragraphs, we shall — for the sack of achieving a smoothreanis reading; present the findings of
Paper Il in nutshell.

In general, a massive star is defined to be one with mass gitbate~ 8 — 10.M and central
to the on-going debate on how these objects [massive stamsg nto being is this so-called radiation
problem. For nearly forty years, it has been argued thatatimtion field emanating from massive stars
is high enough to cause a global reversal of direct radiédlirof material onto the nascent star. In Paper
11, it is argued that only in the case of a non-spinning isethstar does the gravitational field of the
nascent star overcome the radiation field. An isolated mamagng star is a non-spinning star without
any circumstellar material around it, and the gravitatidietd beyond its surface is described exactly by
Newton’s inverse square law. The supposed fact that mastsivehave a gravitational field that is much
stronger than their radiation field is drawn from the analygia non-spinning isolated massive star. In
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this case, the gravitational field is (correctly) much sgr@rnthan the radiation field. This conclusion has

been erroneously extended to the case of non-spinningveagars enshrouded in gas and dust.

It is argued there, in Paper lll, that, for the case of a ndnfspg gravitating body where the
circumstellar material is taken into consideration, that-a8 — 10.M,, the radiation field will not
reverse the radial in-fall of matter, but rather a stalenhbetsveen the radiation and gravitational field
will be achievedi.e. in-fall is halted but not reversed. Any further mass growsthtymied and the star’s
mass stays constant at 8 — 10.M,. This picture is very different from the common picture tigat
projected and accepted in the wider literature where & — 10M, all the circumstellar material,

from the surface of the star right up to the edge of the modgadre, is expected to be swept away by
the all-marauding and pillaging radiation field. There ip@&alll, it is argued that massive stars should

be able to start their normal stellar processes if the méde@ore from which they form has some

rotation, because a rotating core exhibits an ASGF whickesithere to be an accretion disk and along

this disk the radiation is not powerful enough to pillage itdalling material. We show here that in
the region: @ : [125.3 < 0 < 54.7] & [234.7 < 6 < 305.3]), around a spinning star the gravitational
field in the face of the radiation field, will never be overcooyghe radiation field hence in-fall reversal

does not take place in this region and this region is the regewhich the nascent massive star forms

once the repulsive outflow field and the star’'s mass has ssegdbke criticaB — 10 M. Reiterating,
in this regioni.e. (6 : [125.3 < 6 < 54.7] & [234.7 < 6 < 305.3]), infall is never halted but continues
unaborted and unabated.

There are three cases of an embedded spinning nascefit)st&/here the nascent star is spinning

and the circumstellar material is not spinning or where fie ef the circumstellar material is so small
compared to the star so much that the circumstellar mataabe considered to be not spinnif). :
Where the nascent star is spinning independently of themistellar material which is itself spinning.
(3) : Where the nascent star is co-spinning or co-rotating witghdincumstellar material. It should
suffice to consider one case because the procedure to shoiw tha region: § : [305.3 < 6 < 54.7]
& [234.7 < 6 < 125.3]), infall is never halted but continues unaborted and ureahas the same. Of
the three cases stated, the most likely scenarigatureis the second casee., where the nascent star
is spinning independently of the circumstellar materialahihis itself spinning. We shall consider this
case.

The ASGP for the case of a star that is spinning independaeiftiis core has be argued to be
given by 68) and in the face of radiation field, the resultant radial cormgnt of the gravitational field
intensity is given by:

gr(ra 9) = B)

2
(77)

For the radiation component to be attractive, we must Hagyér, 6) < 0], and for this to be so, the term
in the square brackets must be greater than zero, this isaplie

7  4nGM Fe re? re

c? 2

ll KL star ] 2y lZ)\{tar’ylGM({ff cos

GMTIN? /3cos20 -1
ArGME ¢ 2" < 2 )

(78)
This inequality is quadratic im and can be written agAr?> + Br + C > 0), where: A4, B, andC,
can easily be obtained by making a comparison. Sindér > 0), for: (Ar? + Br + C > 0), to hold
absolutely, we must havéAr? > 0 = A > 0) and(C > 0). The condition{A > 0), implies:

5 In Paper I, we argued that,can take both negative and positive values, and furtherearthat the set up of the coordinate
system of the ASGF is such that i 0 & cos# > 0] and [r < 0 cos 6 < 0], hencer cos 6§ > 0, which implies(Br > 0).

2
B G/\/loff 1 KL star N 2\5tar A/lG/\/llff cosf 3T, (GMfo> <36052 0—1

)
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X ﬁeff»cstar
M(r) > irCe (79
To arrive at the above one must remember th@ff = Mtar + Mesi(r) = M(r). As shown in
Paper Il (see equatioh& §5 of Paper Il), the condition7Q) for: M., > 8 — 10 M, leads to the
formation of a cavity inside the star forming core. In thigita the radiation field in powerful enough
to halt infall reversal but outside of it, it is not.

Now, for the condition{C > 0), to hold (remembehj!*" < 0), this means(3cos?6 — 1 < 0),
hence: § : [125.3 < 0 < 54.7] & [234.7 < 6 < 305.3]). The result just obtained invariably means
inside the cavity created by the radiation field, the reg{@n: [125.3 < 0 < 54.7] & [234.7 < 0 <
305.3]) will have an attractive gravitational field, hence mattél still be able to fall onto the nascent
starvia this region and this in-falling of matter is completely ipgedent of the opacity of the material
of the core! Hence we expect spinning massive stars to facadiation problem at all. Clearly, if:
(A2 > 0), then in the region:{: [125.3 < 0 < 54.7] & [234.7 < 0 < 305.3]), the gravitational field
was going to cause in-fall reversal in the cavity hence ttigahg for the star to continues is accretion.
This obviously would have been at odds with experience hémeewe have the strongest reason for
setting: (A2 > 0), otherwise the ASTG would be seriously at odds with physacel natural reality as
we know it. Beside, the conditiof\, > 0) is supported by the solar data (see Paper I). The fact that in
the region; ¢ : [125.3 < 0 < 54.7] & [234.7 < 6 < 305.3]), is a region of attractive gravitation, it is
clearly that the ASGF will form a disk around the nascent gtithough no detailed study of accretion
disks has been made (Brogetral.2007; Arayaet al.2008) and this being due technological challenges
in obtaining must higher resolution observations on théesoithese accretion disks, it has long been
thought that the accretion disk is a means by which accretionatter on the nascent stars continues
soon after radiation has (significantly) sounded her presem the star formation podium (see.
Chini et al. 2004; Beltranet al. 2004). If our investigation prove correct, as we believe they wiilen,
researchers have been right to think that that accretidnsdisres a platform for further accretion of
mass by the nascent star.

9 DISCUSSION AND CONCLUSION

This reading should be taken more as a genesis that lays d@wnathematical foundations that seek
to lead to the resolution of the problem of outflowss, what their origin is. Also, we should say that,
if this reading is anything go bye,, if it proves itself to have a real direct correspondencd lite
experience of physical reality, then not only have we laididdhe mathematical foundations that may
lead to the understanding of outflows; but we have laid a tfokkfoundation that could lead to the
resolution of three problems, and these problems are:

(1). The Origins and Nature of Outflows
(2). The Radiation Problem thought to exist for HMS.
(3). The Origin of Linea& Ring Structures of Methanol Masers.

All this we have arrived at after the consideration of theraghal symmetry arising from the spin
of a gravitating body. This symmetry has been applied to tlawitational field and where upon we
have come up with the ASTG. In Paper |, we did show that the ABdiGexplain the perihelion shift of
planets in the solar system and therein, the ASTG as it laaretsuffers the setback that the “constants”
¢ are unknown. We have gone so far in the present as to suggest towolve this problem but this
suggestion is subject to revision pending any new data.

It should be said that, to the best of what we can remembersivee we learnt that the force of
gravity is what causes an apple to fall to the ground and ttevéry same force causes the moon and
the planets to stay in their orbs; we have never really cadrof gravitation as being a repulsive force,
let alone that it possibly can have anything to do with the @oehind outflows. Just as anyone would
find these ideas in violation of their intuition, we find owtfdn the same bracket. But one thing is clear,
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the picture emerging from the mathematics thereof, is tadidgmiss. It calls one to make a closer look
at the what the Poisson equation is “saying to us”.

In closing, allow me to say that as things stand in the presemlile we firmly believe we have
discovered something worthwhile; it is difficult to make amid conclusions. Perhaps we should only
mention that work has began on a numerical model of outfloveedan what we have discovered
herein. Only then — we believe; it will be possible to make bald conclusions.
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