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Outline

Introduction: Gauss’s law and Field Flux Distributions with equipotential Gaussian surface

Background Observations: Flat rotation curve, Baryonic Tully-Fisher relation

Model: 1. Gravitational field flux Re-distribution with Cylindrical Gaussian surface
2. Cylindrical to Spherical transition of the Gaussian Surface

Structural Correlation Between Flux model, Rotation curve and Radial acceleration curve

Summary
A field flux picture with generalized Integral Gauss’s law of gravity is proposed for
solving mass discrepancy problem of disk galaxies.

Discussions:

Discussion 1. Field Flux converging, as the Gaussian surface resembles the structure, from 3D spherical
distribution to 2D cylindrical to 1D tube filament to mend the missing mass problem for larger scales

Discussion 2: The “Cylindrical to Spherical transition” may also occur in the time evolution of galaxies?

Discussion 3: Internal Instability of the Secular evolution of disk-shaped system



Gauss’s law and Field Flux Distributions

Gauss’s law :

The inverse square rule of Electromagnetism and Gravity :
field strength is defined by area density of the flux through a closed spherical surface containing the mass or electric source.

eld Flux:

Newtonian field: g > 101° N/Kg ( m/s?)

Newtonian field: (2D schematics)

Spherical Flux distribution
F GMm _ 4nGM GM
2 9= 4mrz =

The inverse square dependence of the Gauss’s
Isaac Newton law of Gravity and the spherical distribution of

(1687) the field flux through a Gaussian surface.

* (A non-relativistic field approach)
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Background Experiments FACT I. Flat Rotation Curves

HSB: Flat Rotation Curves

The M31 major axis mean optical radial velocities and the rotation curve,* r < 120 arcmin, superposed on the M31 image
from the Palomar Sky Survey. Velocities from radio observations® are indicated by triangles, 90 < r < 150 arcmin. Rotation
velocities remain flat well beyond the optical galaxy, implying that the M31 cumulative mass rises linearly with radius. (Image
by Rubin and Janice Dunlap.)

Fig. 1. The rotation curve of Andromeda Galaxy (M31).

Observations

LSB: Rising Rotation Curves

Keplerian Rotation Curves

. R (x 10001y)

Fig. 2. The observed rotation curve of M33 and a predicted curve.

Ref.1. "Rotation of the Andromeda Nebula from a Spectroscopic Survey of Emission Regions", Rubin, Vera C.; Ford, W. Kent, Jr.,
The Astrophysical Journal, 159:379(1970).
Ref.2. “Seeing dark matter in the Andromeda Galaxy”, Vera Rubin, Physics Today, December 8(2006).



Background Experiments FACT Il

Baryonic Tully Fisher Relation and Faber Jackson Relation
THE ASTROPHYSICAL JOURNAL, 204: 668-683, 1976 March 15
“Baryonic mass proportional to the flat rotation velocity © 1976. The American Astronomical Society. All rights reserved. Printed in U.S.A.

to the power of approximately 4”, a direct relation between
the normal matter and the non-Newtonian dynamics.

VELOCITY DISPERSIONS AND MASS-TO-LIGHT RATIOS FOR ELLIPTICAL GALAXIES*
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Fig.3 Baryonic(stars and gas) mass as a function of circular velocity.

F1c. 16.—Line-of-sight velocity dispersions versus absolute
magnitude from Table 1. The point with smallest velocity
corresponds to M32, for which the velocity dispersion (60 km

Ref.3. “The Baryonic Tully-Fisher Relation of gas-rich galaxies as a test of ACDM and MOND”, s~1) was taken from Richstone and Sargent (1972).
Stacy S. McGaugh, The Astronomical Journal, 143:40 (2012) 5



Model (Disk Galaxies)

Gaussian Disk of Gravitational Field Flux for Flat Rotation Curve

Cylindrical Flux distribution (Side view schematics of disk galaxy)

_ 4-7TGMd _ ZGMd
9= 2mrd ~ rd

Red dot boundary: critical field strength (g.~1071° N/Kg)

4G M, represents a fixed amount of gravitational Field flux entering the Gaussian disk
from the side wall, shown above as the green dot disk, with thickness d and radius r.

Rotation curve from Gauss’s law with Cylindrical Flux distribution

26Mg v 2GMg _ fzaMd
e~ ,ac—r,g—acé — =d; v = y

(v >flat as % is fixed )

(For the milky way galaxy, the Gaussian disk thickness is approximately 30K light years,
~10 times of the visible bulge diameter. )



Model (Disk Galaxies)

Spherical to Cylindrical Transition of Flux Distribution for Tully-Fisher Relation

Spherical to cylindrical flux distribution transition

across the critical field:

d: 22R.: disk flux 4mGM, - total flux 4mwGM;

GM 4AGM vt

At g, (red dot circle): g, = 2~ =
c

 a.>or,

2
( for disk: g=2}%4 = % — thickness d = 2:;”)

Flatness of the velocity, v = vy

4
1
> >M = ( )vf - Tully-Fisher Relation !
GY.

(GLgC) ~10%° Kg/(m/s)*.

at a critical field strength g .,

L

Tully-Fisher relation
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At the critical transition points, regions shown as red dots, the
flux distribution experiences a spherical to cylindrical transition.
The Tully-Fisher relation is proved valid according to this

condition and the flatness of the velocity at extended radius as

shown in blue spots.




Model (Elliptical Galaxies/Disk Bulge)

For Faber-Jackson relation in centers of elliptical galaxies
or core bulges of disk galaxies

If a critical field strength g. is assumed within the circular radius R,
then a velocity dispersion v, should be hold within this transition region
of Newtonian gravity:

GM v,*
92=9. —=(a,)>=— * =
C CRCZ RCZ

(a. ): centripetal acceleration of the stellar circular motion.

Considering the non-planar oriented motion in the bulge of disk galaxies
or core of elliptical galaxies, we have the velocity dispersion measured
as Faber-Jackson relation:

<v>t=g.GM



Necessary mechanical properties of Gravitational flux lines

1. Flexibility:

For the flux lines to bend across the transition between Spherical and
Cylindrical distribution.

2. Lateral repulsion

For the area density of flux lines to have a minimum to hold the spherical
distribution, higher than this “critical Density g_.”, the flux lines would repel
each other along the radial direction to form the spherical distribution.



Spatial Correlation Between Flux model, Rotation curve and Radial acceleration curve

-lll-l.f.l-l.l!ll‘ —

Flux Distribution | ;s ¢
C * .
Jql::;li .
S E=_11g4:: : IMNDominated Sparal (NGO TSLA)
T_ 300 - . | —
= 250 . —
— O -
_FJ‘._; = OO > = a  m m N ]
- — |
= 150 = —
s .
. — 100 . - - —
Rotation Curve = o —
- — E_G — —
= S
= o - 4 00 oL e=prttTCCA ] ]
= o . 5 1O 15 20
|
i . Radias [lapa]
u (]
o — T : T T T —8
= _:\\\ 120
. . & — = m > -4 -10
Radial Acceleration —; . - ~ -
= — ] S —q =
7 u ™~
= |- . ~ o -1
k= = - ] ] ]
_g®" -9, —10 -11 -—12
| - 2
log(g,,.) [ms | -10
- g <10""' N/Kg
|

Newtonian Non-Newtonian 10



Discussion 1.
Field Flux converging, as the equipotential Gaussian surface resembles the spatial structure,

irom spherical distribution to cylindrical to 1D tube filament to mend the missing mass problem for larger scales.

For example, cluster of galaxies: Gaussian surface area reduction

( Field Flux converging from 3D spherical=> 2D cylindrical = 1D linear)
may further yield a lower value of the needed minimum cluster mass by modifying the Virial theorem 2T+V=0 of 1/r potential.

Discussion 2: | " Discussion 3:
'The "Cylindrical to Spherical transition” may also occur R instabilit -
in the temporal evolution of galaxies? R i ccused by
cylindrical to spherical transition of
Gravitational field flux dlstrlbutlon evolution flux distribution at Bulge boundary region

Cylindrical flux distribution Cylindrical flux distribution

With core Spherical flux distribution
Spherical flux distribution

Galactic Structural evolution

(Intrinsic) Instability

Disk Disk with core bulge Elliptical



Summary

A field flux picture with generalized Integral Gauss’s law of gravity is proposed for
solving mass discrepancy problem of disk galaxies.

1. Flat rotation curve of disk galaxies: a cylindrical distribution of the gravitational field flux.
The radius dependence of the field strength becomes 1/r, instead of Newtonian 1/r2.
In addition: a disk thickness dependence of the field strength is suggested.

2. Below a critical field ~10~1% N /K g(which is a minimum area density for flux lines to maintain spherical distribution,
the gravitational flux distribution turns from spherical to cylindrical. The Tully-Fisher relation can be obtained from this transition.

3. From radial acceleration relation of disk galaxies, with or without bulge, a structural-dynamical
correlation can be explained by a flux distribution transition across the critical field.

Radial Acceleration
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