MOND and Observer Physics (c) DougassA. White, 2003 Page 1

MOND and Observer Physics. Spiral Galaxies

DouglassA. White, Ph.D.

MOND is able to match the observed rotationd curvedata for many spiral galaxies quite
well, bu lacks a coherent theory to explain why the formula works the way it does.
Observer Physics proposes an dternative that suppats the MOND hypathesis by a
logical exension d Newton's formula that takes into account observer viewpoint. This
preliminary discusson orly considers galaxies. Examples comparing the formula's
predictions to the data include DDO 154, UGC 9242,NGC 1560, F5631, NGC 2403,
UGC 128, andM33.

When astronamers total up the anourt of matter they seein galaxies, galactic dusters
and aher large formations, they find that there is not enough massto accourt for the
observed dynamics acarding to the usua application d Newton's gravitational formula.
Even if we asume that there ae dust particles and debris, and danets, and buned ou
stars, and so forth that can na be seen, there still does not sean to be enough matter to fit
the dynamic behavior of these large-scde bodes. Therefore many astrophysicists
believe that galaxies must have huge haloes of "dark matter” that our instruments can na
deted, bu which influence the dynamics of these galaxies in the manner that we observe.
Some beli eve that exotic forms of matter such as WIMPs may be involved.

Isradi physicist, Mordehai Milgrom, has proposed (1983 Modified Newtonian
Dynamics (MOND) as an dternative way to resolve the problem of galadic dynamics
withou resorting to a search for mysterious missng "dark” matter. His formulafits the
data but does not say why. This problem in the rotational dynamics of large-scale
physicd systems remains one of the mgjor difficultiesin astrophysics and cosmology.

According to Newton's law as matter rotates in large clestial bodes at greater and
greder distances from the gravitationa center of massof the system, it would seem that
the gravitational force gets wedker, so the centripetal accderation effect gets
correspondngly weger. Yet the far flung bodes in galaxies or other large systems
move & if there were amuch stronger gravitational influence than appears warranted by
the observed massin the central region that governs them.

Milgrom propases a @nstant (ao) with the dimensions of accderation that modifies the
dynamical equations of Newton and describes these motions when the Newtonian

aceleration falls below a certain threshold. Milgrom modifies Newton's gravitational
equation by boasting the acceleration eff ects for distantly separated oljects as foll ows.

a=MGr-2. (Newton)
* a2/ao=MGr*-2.  (Milgrom)

These two can be written together:

* m(a/a)a=MGr*-2=aN.
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Here (aN) represents the Newtonian accderation. The expresson [m (x)] satisfies [m
(X)] ~~1whenx >>1, and satisfies[m (X)] ~~Xx when x << 1.

When the aceleration fall s below the threshold (a <<ao), Milgrom uses his constant to
boast the gravitational effed. When (a >> ao), then systems follow Newton©s law.
One key result is that bodes far from the masscenter of a galaxy attain an orbital speed
that is independent of the radius and propational only to the fourth root of the total
baryonic mass of the galaxy (the Tully-Fisher relation). Milgrom took the nation o
asymptotic flatnessof galactic rotational curves as axiomatic when framing his theory.

Milgrom estimates the value of (ao) to be
*  a0=10"-10m/s"2.

The MOND constant relation appeas to fit the data in most cases, espedaly fitting the
well-studied dsc galaxies. The man exceptions £em to be the wres of rich x-ray
galadic dusters, where there is gill a mnsiderable discrepancy from his formula. In
such cases Milgrom believes, and reasonably so, that there must be additional dark matter
to make up the diff erence.

Milgrom©s procedure deds with low accderation condtions. It does nat integrate with
relativity or quantum medanics, bregs down entirely in the presence of black hdes, and
has not been integrated with the amsmology of the entire universe and its evolution,
athough there are some correlations emerging with the csmic background radiation
data.

Milgrom admits that his hypothesis is wed& in that it ladks a theoreticd foundition and
does not work in the extreme ranges of physics. He sees it as a patch to get the
observationsto fit the equations. He can na say for sure why there shoud be a onstant,
or why it shoud have the vaue it has. One suggestion is that the MOND approach
harkens back to Madh©s principle, the ideathat "local" inertial gravitational effects are
influenced by the global totality of massin the universe.

The intergalactic distances are so grea and the rate of falling off for the gravitational
force so gea that Mach©s principle seems improbable @& a factor governing inertia
effects at the asmic level (but not necessarily at the level of internal galadic dynamics.)

Milgrom suspeds that, if his constant is corred, it more likely requires an adjustment to
inertia rather than to gravity. In observer physics we find that these two can na be
separated, since they are conjugates of ead aher. Adjustment of inertia -- such as
spedal relativity produced -- implies an adjustment to gravity.

Milgrom also speaulates abou possble influence from the vaauum state.  The vaauum
is Lorentz invariant with regard to constant speed, bu may not be so with resped to
aceleration. He even speaulates on a passble maaoscopic connedion to the Casimir
eff ect and the vaauum zero pant.
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Milgrom has a simple formulathat fits the data, but nored coherent theory to badk it up.

The key to galactic dynamics is the reali zation that the goparent value of the gravitational
"mass’ changes for particles inside acloud. This principle would hdd for galaxies as
well as nebulag and pessbly in a very attenuated manner even for the whole universe.
It would tend to show that the G-force between galadic participants would be strongest
out in the wings of galaxies rather than closeto the center.

Milgrom®©s estimate of 10”-10m /s”2 fordo) looks mighty close to the numericd value
of (G) and leads right to the Tully-Fisher relation (which is where he got it).

Kx = (G) (a0) = 1 m"4 s™4 kgh-1. = V™4 [ Mtot.
a2/a0=M Gr"-2.

a2rm2=M (Gao) =Kx M.
a2r2=V"=Kx M.

* % X X

The problem with Milgrom®©s approach is that both his formula and the value of40) look
arbitrary. Why shoud this gift from (a) to (a*2) suddenly take place & his (ao)
threshhdd? What causes the Tully-Fisher relation?

Why shoud matter at one distance from a ceiter of mass (CM) behave in a
fundamentally different way than matter at another distance? |If it turns out that the
"missng’ dark matter doesn©t redly exist, what happens aMilgrom©sdp) accderation
threshold? Without some principle to explain why Newton©s scond law shoud
suddenly shift gears in a galaxy, the ideasounds arbitrary. Adding such a rule when it
may not be necessary complicates Newton©s smple dynamics and may even threaen to
modify our nations of geometry, given that genera relativity is based on space/time
geometry. We must justify such a complication.

Newton predicts for the big circular orbits of starsin galaxies that:

ARMY2=GM.
*  RVM2=GM.

This means the accderation dops off as the inverse square of the distance and the
velocity increases as the inverse sgquare root of the radius. To keep the velocity from
droppng way down as we get far from the ceitter we have to amplify the velocity
somehow. Physicists figure they need aroundten times the visible massof a galaxy to
hang around ouside the galaxy as a "dark matter" halo in order to keep the galaxy
holding together asit turns.  That much namal matter shoud render the galaxy invisible.
Because of the strong belief in Newton©s corredness-- even though Newton hed noidea
of the eistence of galaxies and aher large @msmic formations when he made up hs
handy gravity law -- physicists drain at inventing all kinds of exotic hypotheticd
materials to acount for the supposedly missng mass Our analysis uggests that the
problem is nat that there is extra masson the outside of a galaxy, bu insteal that there is
cancellation d "mass' on the inside. Just like astatic charge gpeas on a sphere©s
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surface but there is no charge inside, so a galaxy that shows a strong gravitational
influence from its outside, has diminishing net values of gravity on the inside due to
relative equili brium.

Galactic Rotation

The velocities of particles out in the "arms" of alarge rotating system such as a galaxy or
galadic duster tend to be nearly independent of the radius. Velocities are dso for the
most part independent of the number of particles or the density unless the density
becmmes  low that the system no longer can function as a single entity or gets © high
that bladk hdesform. Below we compare asketch of an average galadic rotation curve
to aKeplerian curve.

(velocity)
(radius) . (radius) .
Newton Curve (Keplerian Decline) Average Galadic Rotation Curve
(velocity)
(velocity)
(radius) (radius)
Solid Bodies Velocity Independent of Radius

Only when the density is below the "cluster” density or when a particle is outside the
cluster in "open space' does the relation between that particle and the duster take on the
norma Newtonian two-body behavior. Milgrom©s idea for a Modified Newtonian
Dynamics (MOND) is corred. His only problem is that he needs a theoreticd basis for
his finding. Our analysis ows that a large duster of particles with sufficient density
(such as a galaxy) behaves interndly as if the massincreases in linea relation to the
radius. What adually happens is that the mutual attractions of the various comporent
particles tend to cancd out in a state of gravitational equili brium and this reduces the
effedive gravitational mass nea the ceiter and appears to increase it toward the
periphery. A particle inside the duster therefore tends to eventually behave as a member
of the duster and synchronizes its movements with the group so as to produce atraili ng
gpiral in a mherently rotating galaxy.  These dynamics do NOT follow Newton©s law
for fredy falling bodes. Particlesin a duster behave & if under the influence of "anti-
gravity".

The rotation curves for galaxies look very much like mirror images of the usual
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Newtonian rotation curve that shows the "Keplerian Dedine". Newton©s relation is a
hyperbalic equation. It describes the behavior of satellit es that move in a highly diluted
spaceoutside alarge gravity well. This is nat the cae for galaxies. They contain
milli ons of solar systems all interading like ahuge gas cloud. The "interna™ dynamics
of galaxies are the mirror image of Newton®©s "external” dynamics. We do nd have to
find hue amourts of invisible dark matter, nor do we need to do any major surgery on
Newton©s law. We simply generdize it into an "internal” and "externa” form. The
differenceis obtained by simply reversing the sign o any arbitrary comporent©s "internal
velocity" and reversing the sign of the total galactic mass The sign onthe total mass
reverses because the masstends to pul "out" rather than "in" relative to componrent
particles inside the duster. The outward pul increases as an oljed nears the caiter of
thegalaxy. Thesign onthe "internal velocity" reverses because we set the outer edge of
the duster as the "zero pant” boundry line for velocity -- that is, the asymptote for
maximum "internal” velocity. The "externa" law describes two oljects moving
externally relative to each aher, so bah velocities are positive.  The two oljeds have
equal relative speeads in oppaite directions. The "internal” law deals with the cae where
the "satellit €' comporent is "inside" the whole duster, so the duster©s relative velocity is
positive, but the internal comporent©s relative velocity is negative.  (Which is positive
and which is negative is conventional so long as we ae nsistent in ou relative
viewpoints.)

Thus the speal dof an isolated satellite outside, but close to a duster of particles will be
gredest near the duster©s edge and then will drop df quickly as radial distance increases.
It then fades off toward zero at greder radia distances. This is the Keplerian Decline.
On the other hand, a star near the ceantral core of a galaxy of many gravitationally
interading stars will have dmost zero velocity. The velocity will pick uprapidly as the
radial distance from the galaxy center grows, then it will level off as it nears an
asymptotic velocity. Toward the outer regions of the galaxy the velocity will | evel off
and seem independent of the radius and more likely influenced by other factors in the
cluster©s makeup. This velocity is relative to an observer who is outside the galaxy.
Unlike aplanet that is some distancefrom the star it orbits, astar in agalaxy isinside the
system.

Based onthese observations we simply make aviewpaint shift and a tiny modification to
Newton©s usual |aw to get the proper shape to the rotation curve.

* Mcore G = Vsat VcoreR. (Newton's" External” Gravitation Law).
* - Mtot G =-Vcomp Vtot R. (Newton's" Internal” Anti-Gravitation L aw).

The first expresson is Newton©s traditional relation. Nicore) is the massof the gravity
well that anchors a satellite system. It may be asolar system or a planet with moors.
(Vcore) isthe velocity of the gravity well relative to an observer on the satellite.  (Vsat)
is the velocity of the satellit e relative to an olserver on the gravity well. In each case
the "orbiting" objed is"outside" the object it orbits. (R) represents the radial separation
of the two bodes. Newton©s relation expresses th& eplerian Dedine that charaderizes
such systems. The secondexpressonisour modified version d Newton©s law for large-
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scde gravitationally structured clusters of objeds. (Mtot) is the total mass of a large
cluster formation such as a galaxy that has sgnificant interna gravitational dynamics.
We give it a negative sign because we ae treaing objects inside the duster rather than
outside & in the cae of Newton®©s traditiona relation. \(tot) is the velocity of the
cluster at the pasition d the comporent object (e.g. star) as sen by an observer outside
the duster. (Vcomp) is the velocity of a given component (star) inside the duster as
seen by an observer outsidethe duster. Inthe satellit e case the velocities are egqual and
oppaite in dredion. In the comporent case the velocities are equal and identicd in
diredion. Thus, if we keep the two velocity signs the same for the satellite cae, then
the two velocity signs must be oppasite for the galaxy case.

The position d the observer relative to the system is vital to determining the orientation
of the rotation curve. In the solar system situation olservers se both oljeds as
"outside" each ather. However, in the galaxy system observers se the wmporent as
"inside” the galaxy, and the galaxy contains the comporent. Thuswe onventionally set
bath velocities paositive in the first case (solar system). But the comporent velocity is
negative in the seaond case (galaxy). The massis positivein the first case (solar system)
because the net attraction to particles outside the gravity well i s always inward toward the
center of the gravity well. The massis negative in the second case (galaxy) becaise the
net attradion d the total massof a galaxy isto draw central comporents outward away
from the center of the gravity well.

Let©s simmarize our logical argumentThe density of material in a gdaxy o other
cluster causes the interacting gravitational effeds of the various component masses
to tend to cancd, depending on the radial distance from the center. A component
in the duster is surrounded by objeds pulling it outward. The result isan " anti-
gravity" effed inside large dusters of gravitationally interacting matter such as
galaxies and galactic dusters. Newton©s L aw is hyperbolic, and the rotation curves
astronomers draw look hyperbolic and look very much like mirror images of the
Keplerian Declines we seein Newtonian satellite systems. We get a mirror image
by ssimply reversing asign.

Here is the rotation curve of a hypothetical galaxy calculated using our new formula.
Let©s say we have arotating spiral galaxy with a total visible massof around 1.%10"40
kg, or about 7.5x10"9 solar masses. Let©s say that the radius is about 6x10"20 m or
around 6.%10M light years. Let©s cdculate the "negative" velocity at various radial
distances from galadic center using our modified Newtonian formula and then convert
that data into pasitive "red-world" velocities by simply re-calibrating the data and
reading it badkwards.

* (-Mtot) (G) = (1.5x10™M0 kg) (6.6710"-11 m"3/s"2 kg) = - 10°30 m"3/s"2.

* - VA2R=-10"30m"3/s”2.  (We usethisto cdculate our outer rim velocity.)
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* R -V Observed Relative Velocity (+V)
10017 m -3.16x10"6 m/s Om/s  (approximate)
1018 m -10"6 m/s <10 km/2
10M9m -3.16X10"5 m/s 30 km/s
5x10M9m - 1.4x10"5 m/s 36.2 kn/s
1x1020m  -10"5m/s 38 km/s
1.5x10"20m - 8.16x10M m/s
2x10020m - 7x10M m/s 38.5 kn/s (neas asymptote)
2.5x10"20m - 6.3x10M m/s
3x10"20m - 5.810M m/s 39 km/s
4x10"20m - 5x10M m/s 39.8 km/s
5x10"20m - 4.5x10M m/s 39.9 kn/s
6x10"20m - 4x10M m/s 40 km/s

Radiusin Multiples of 10017 m.
1000 2000 3000 4000 5000 6000

- 040 km/s 40 km/s
- 100 km/s
30 km/s
20 km/s
10 km/s
-316 km/s 0 km/s

This smplified hypotheticd data dealy shows the leveling off toward an asymptote &
the radius increases. What happens as the radius deaeases? The "negative" velocity
value grows very quickly (i.e. drops off quickly toward a red world "zero" velocity.)
But it moves into relativistic "negative" velocities as it approaches -10"7 m/s or higher.
At smaller radial distances the relativistic shift goes up very rapidly. It doesn©t matter
whether the velocities are paositive or negative when it comes to the relativistic dfects.
Nor does the massmatter. The only thing that matters hereisthe value of (-v).

*  [M1(1-v~2/cM2)MU2=Mol] (Einstein®©s relativistic shift of mass)

This tell s us roughly where the velocity cutoff is. Below a cetain radia distance from
the canter the relativistic inertial resistance of abody to further negative accderation will
rapidly increase urtil it reades an equili brium point and stabilizes.  This corresponds to
"zero" velocity inside the galadic bulge cmre aea. A bladk hde cre would show
orbital velocity degenerating into rotational velocity. Clealy the region R <= 1016 m
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will correspondto approximately zero effedive velocity for any comporent. Depending
on adual observed maximum velocities we will know where dong the relativistic aurve
the atoff paoint lies. Velocity data from near the wre of a galaxy tends to have alarge
smea factor. Speedls are getting quite slow, and density is higher. But we know for sure
it will never reach -3x10"8 m/s, and will fall somewhere between -10"6 m/s and -3x10"8
m/s. This tells us the range of velocity for the system®©s internal dynamics. Running
our velocities backwards from the autoff at zero to the periphery velocity that is known,
we see arange. Given the autoff | chose for the example, it goes from aimost 0 m/sin
the cantral regionto around 40 kn/s near the periphery. With the level of resolution for
current equipment, anything from radial distance 1019 m on ou to 6x10"20 (and
beyondif the system is larger) will seem to go at abou the same velocity subjed to locd
variations in structure.

With this smple theoreticd framework we shoud now be @le to work out the detail s of
large-scale dynamics, filli ng in the variations based onindividual cases. We thus sttle
one of the mgjor headaches in modern cosmology. At least this asped of the universeis
OK after all, and we can stop fretting about the huge massof missng Dark Matter.

Now let©s look at some examples of data taken from the observation d red galaxies.
Our first exampleisthe thin galaxy, UGC 9242.

+r & 9242 -V
GG oy e (i i e Ly 0200
E M ‘1"‘)& o2 =
e e - = (500
- oL e W o
Nﬁ e - 0800
150 Fﬁ: o
- Do {1100
=5 %
= M o 4 1400
8 ~ 1700
{'} g I T ; I T T ; S B o 8 E §o B B EDDD
G if 26 i &0

radivg {arosec)

The @owve dart shows rotation curve data from gaaxy UGC 9242 with an average
peripheral velocity in the neighbahood d 230 km/s. The radius is measured on the
chart in arcsecs from O to 40. Let©s e how well this data relates to ou Newtonian
formula.  WeOIl use for the galaxy rim the values R = 38" andV¥v = -230 km/s. This
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gives us approximately (-Vv) (+Vv) R = (- 2x10"6 m"2/s”2) (). The Newtonian Mirror
Formula smoaths out the aurve ignoring local idiosyncrasies. This gives the smocther
"negative" curve. Also, the negative arve (in hdlow dats) is cdibrated sightly higher so
the two curves don©t overwrite eab aher. We label the negative arve@slocities
"virtual" (Vv). We will cdl thereal velocity that we observe (+Vr). The following is a
table of approximate values. Bladk das represent the observed data. Hollow dots
show Newton©s ided curve. (The dart and data were based onthe Cornell University
"Astronamy 201 Our Home in the Universe" web site example of a rotation curve by
Martha Haynes and Stirling Churchman.)

* R +Vr -Vv (Velocity isin km/s.)
38 230 230
36 225 235.7
35 225 239
32 210 250
30 200 258
29 210 262.6
28 230 267.26
27 235 272.16
26 220 277.35
25 180 282.84
24 190 288.6
20 215 316.2
18 225 333.33
16 225 353.55
14 215 377.96
12 220 408.25
11 225 426.4
10 220 447.2
09 215 471
08 210 500
07 190 534
06 200 577
05.5 205 603
05 200 632.45
04 190 707
03.5 180 755.93
03 165 816.5
02.5 150 894.43
02 125 1000
01.5 050 1154.7
01 050 1414

00.5 015 2000
(00 000 3x10"8) (asymptotic values)
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The next example we©ll ook at is DDO 154, a test case with a very slow rotation. |
estimated the data from a rotation curve plotted by Milgrom and Braun in "The Rotation
Curve of DDO 154 A Particularly Acute Test of the Modified Dynamics.” (Astrophysics
Journal 334 130-134, 1988Nov. 1). Milgrom draws the arve showing the data
compared with the airve his calculation generates and the arve predicted by Newton©s
standard formula.  Let©s sewhat our modified Newtonian Mirror Formula gives. The
rotation curve, plotted in kiloparsecs vs km/s, shows a maximum periphera velocity
stable & around 50km/s. Then it tapers off a bit at the very edge. This is due to
material that is aready drifting outside the "edge" and is darting to foll ow the Keplerian
Dedine. If we take 6.4 kpc &s the alge, then we get G Mtot = 16000kpc (km/s)*2.
We simply flip the sign of Mtot to find that Newton©s Mirror law is a nice description o
the rotation curve.

R (kpc) V (km/s) -V (km/s)

0.00001 00 40000

0.001 -0 4000

0.1 ~0 400

0.6 15 163.3

1.2 22 115.47

1.8 29 94.28

2.4 36 81.65

2.8 40 75.59

3.4 43 68.6

4.0 46 63.245

4.6 48 58.98

5.2 50 55.47

5.8 50 52.5

6.4 50 50 (Outer Edge of Galaxy)
6.9 49 +48.15 (Keplerian Decline begins.)

7.4 a7 +46.5 (Velocity becomes positive.)
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Here is a Rotation Curve plotted for NGC 1560, a dwarf spiral. The data is based on
A.H. Broeils, "The massdistribution d the dwarf spiral NGC 1560", Astron. Astrophys.,
256, 1932 (1992.

When we re-cdibrate the negative plot into pasitive velocities there is a distortion at the
low velocity range. This is partly due to greder smear factor in the data itself that
occurs as measurements are taken closer to the are as you can see from the data bel ow.

Here is alist of the data. The radial distances are in kiloparsecs, and | used Broeil SO
circular velocities correded for asymmetric drift.  The negative velocities are cdculated
from the product of the largest radius and the squared velocity at that radius (which is
also maximum): 51,367.368kpc) km"2 / s"2.

R (kpc)

0.22
0.4365
0.65475
0.873
1.09
1.3
1.53
1.746
1.96
2.18
2.4
2.619
2.837

-V

485

343

280
242.57
216.96
198
183.365
171.522
161.7
153.4
146.3
140
134.55

+V

05.0
08.9
14.5
26.4
28.9
27.8
31.8
42.8
48.2
48.4
50.6
53.5
57.2

+/- Errors by least squares algorithm

7.5
9.9
6.3
5.6
5.7
2.3
3.2
2.1
1.6
1.3
1.0
1.0
1.3
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3.055 129.658 59.1 15
3.274 125.26 59.8 1.6
3.492 121.28 60.3 1.6
3.71 117.667 60.7 1.6
3.9285 114.35 62.1 1.9
4.14675 111.298 63.6 1.6
4.365 108.48 62.0 1.6
4.583 105.866 60.5 14
4.8 103.4 60.3 15
5.019 101.158 63.8 1.3
5.238 99 66.1 1.3
5.456 97 67.7 12
5.6745 95.14 70.4 11
5.89 93.365 73.0 1.2
6.111 91.68 74.2 1.2
6.329 90 75.1 1.3
6.5475 88.574 75.2 1.2
6.76575 87.1336 76.3 1.3
6.984 85.76 77.2 1.4
7.42 83.2 76.9 15
7.857 80.856 77.5 2.0
8.2935 78.7 78.7 2.3

Our next example is F563-1. This data is from McGaugh and ce Blok, "Testing the
Hypothesis of Modified Dynamics with LSB Galaxies and Other Evidence" (Astrophys.
J., 499 66-81, 1998 May 20,) p. 73.
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R (kpc) +Vr (km/s) -Vv (km/s)
01 049 460.16
02 070 325.38
03 080 265.67
04 090 230
05.4 095 198
06.5 100 180.5
07.5 105 168
08.5 110 157.8
09.7 110 147.75
11 110 1387
12 110 132.8
13 110 127.6
14 110 122

15 110 118.8
16.2 110 114.3
17.5 110 110

What | call Newton©s Mirror Formula crredly gives the commonly observed rotation
curve for galaxies in close agreement with olservations. The procedure to flip the
Keplerian Dedineinto its mirror image is sSmple and straightforward.

Usually we have some data from observations that can be interpreted in terms of radial
distances and welocities.  So first we plot out the rotation curve from that data and then
cdculate from the rim inwards to see how well Newton©s Mirror Formula predicts that
data. We cdculate (Mtot G) by multiplying the rim velocity squared times the rim
radius. Then we divide (Mtot G) by each radius value we wish to cdculate the velocity
for and take the square roat of that to get the negative velocity. We plot downwards
from the rim velocity as we move in aong the radius. Then we aljust the scde
acording to the autoff velocity, comparing the airve to the velocity data points gathered
from red/blue shift measurements. We map the two rim velocities and the two inner
velociti es and cdi brate the two scales between those two limits.

If this smple theoreticd framework describes the general rotation curves of spiral
galaxies and aher large-scde systems, we may be ale to settle one of the maor
headaches in modern cosmology and astrophysics with a generali zed Newtonian formula.

(inside)
Y
o
© >
+V (outside)

(outside)
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Resources
There©s an excdlent list of articles by and abouMilgrom and s MOND hypothesis
aacesgble on the net at Stacy McGaugh©s "The MOND Pages®. | based my sketches of
general types of rotation curves on the nice ones dore up by Martha Haynes and Stirling
Churchman for the Cornell University "Astronamy 201 Our Home in the Universe'
website. That site dso contains alot of good phaos and data summaries. That aso was
my source for the UGC 9242 dita. The sources for the other examples are listed in the
article by each example.  This article November 5, 2003, marks the first pulication d a
theoreticd treatment of the MOND hypothesis. My préeliminary discusson d MOND
withou afinal theoreticd resolution appeared in chapter 15 d Observer Physics (Taipei:
Delta Point, 2002, 2008 The new edition has been updited to include the latest drafts
of these recent rapid reseach developments. For moreinsightsinto gravitational theory,
see my monograph, "Gravity and Observer Physics: a New Interpretation.” (Taipei:
Delta Point, 2003) The book and monograph are available through the web site:
dpedtedh.com, or via email: dpedtech@dpedtech.com. To look at lots of rotation curves,
see"The data base of spiral galaxies by Courteau” (1996, 199). This datais available
on the Internet as "Rotation Curves and Surface Brightness Profiles of 304 Bright
Spirals’ in An Atlas For Structural Studies of Spiral Galaxies, in the knowledgebase
Level 5 sedion d NED (NASA/IPAC Extragaladic Database.)
*  Courteau, S. 1996,Ap JS, 103, 363 phaometrics).
*  Courteau, S. 1997,A J, 114, 2402(rotation curves).

25 Rotation Curves Showing Typicd Variationsin Size, Speed, and Curve Shape
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The @&owve sample of rotation curves is based on A. Bosma, Ph.D. Thesis, University of
Groningen (1978. It is avalable in the section on "Rotation, Kinematics, and
Dynamics® of "Internal Structure and Dynamics of Galaxies’, Basic Data, Level 5 of the

NED Knowledgebase.

Additional Examples and Methods

Here©s anather way to plot a Flipped Newtonian Rotation Curve that may fed more
comfortable. Let©s say that the aurrent resolution d your telescope and Dopper
equipment isaround 1kpc and 20 kn/s. Doing Dopper measurements of such small
vel ociti es using hydrogen we must resolve wavelength dfferences of around .035
nanometer. The margin of error can be quite large, and | would consider 20 km/sisa
pretty reasonable margin. Distance measurements are dso dften being revised. The
distance dfectsthe size.

We plot a galactic rotation curve using Newton©s Flipped Formula and our limits of
resolution. Let©s say that welook ou at NGC 2403and find that it runs at its asymptote
rim velocity at aradius of around 15kpc. So we set that as our closest instrument
reading to "zero" negative velocity -- that is, our error margin of 20 km/s -- tranglating
from our Dopder equipment. This gives us-6000(kpc) (km/2*2) as our "minimum®
negative anstant for the rim asymptote. We then use our Flipped Newton Formulato
plot off "negative" velocities at various kpc distances along the radius to seeour
theoreticd rotation curve. (Divide by the desired radius and then take the square roat.)
If our Dopper adually measures the positive asymptote rim velocity at 134 km/s, then
our last (innermost) plot will be & [(6000 / (15472 = .253kpc. (-154- (-154) = 000)
Thisisthe smallest radial distancewe can get meaningful datafrom. Anything from
there onin can be going on average anywhere from zero to 20 km/s, but it all gets
mushed. That©s our cutoff radius and cutoff velocity. (The negative velocities go
relativisticinside that radius.) We cdl this cutoff (-VIo) and wse that as our asymptote
velocity and conwvert all our negative velocities to pasiti ve velocities smply by
subtrading the lowest readable negative velocity (-VI10) caculated at our low limit radial
distance (.253kpc) from each negative velocity (-V). This gives us our theoretical
rotation curve for NGC 2403.

R V~2 = (15)(20)(-20) = -6000(kpc)(km/s) 2. [-V - (-VI0)] (km/s)]

R (kpc) +V (data) -V +V (Theoreticd Curve Using Newton)
15 134 20 134 [-20- (-154) = 134

14 133 20.7 133.3 [-20.7- (154 =133.3

12 133 22.4 131.6 [andso on

10 131 24.5 129.5

08 131 27.4 126.6
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06 130 31.6 122.4
04 124 38.7 115.3
02 095 54.8 099.2
01 077 77.5 076.5
00.253 "000" 154

| estimated the data from McGaugh©s plot in "Testing the Dark Matter Hypathesis!'.
The theoretical curve fits the data aurve pretty closely, always saying within 10 km/s.

HereisUGC 128. We need to raise our velocity resolution range to around 27 kn/s.
(For example, seethe error margins in McGaugh©s plot, also given in "Testing..)

R VA2 = (45) (27)(-27) = -32805(kpc) (km/g)2.

R (kpc) +V (data) -V +V (Theoreticd Curve Using Newton)
45 130 27 130 [-27 - (-157) = 130]
39 129 29 128

28 128 34.2 122.8

20 125 40.5 116.5

15 118 46.8 110.2

12 107 52.3 104.7

09.5 090 58.8 098.2

06 079 73.9 083.1

04.5 065 85.4 071.6

03.5 052 96.8 060.2

02 030 128 029

| used as a source data by Chris Mihaos (seehis Applet program on RotCurves. See &so
the dhart in McGaugh andde Blok.) The minimum error range shown onthe McGaugh
plot for dataisat least -27 km/s.  Using this margin as our negative asymptote we get a
very closefit to the datathat stays within 10 km/s throughou the airve.

Here©s anather example: M33 (NGC 598). | estimated the data from Chri#/1ihosO site.
Setting -V at -25 km/swe get R V2 = -5250(kpc)(km/s)*2.

R v +V +V (data)
8.4 25 108 108
7.2 27 106 106
5.4 31.2 1018 100
3.6 382  094.8 093
2.6 449 0881 085
2 512 0818 078
1.6 573 0757 072
1.2 66.1  066.9 055
1 725 0605 047
5 1025  030.5 030

When we take avelocity resolution cutoff margin of around-25 km/s, we get a arve that
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fitsthe datavery closely. Only two pdnts are more than 10 km/s off from my
estimations of the Mihosplot. 1t would help if | had the exad numbers, bu these arves
are anazingly close mnsidering that the only thing | did was flip Newton ower to al ow
for the observer viewpoint difference and then al ow for an instrument resol ution cutoff.
Please take agoodlook at this material. All the aurvesgo inthisdiredion. Messng
aroundwith huge invisible haloesis just a messy way of fixing things, sincewe don©t see
any such substantial haloes. MOND means we have to change Newton©s law for some
unknavn reason. Why nat simply take note of the fad that the observer©s viewpoint is
different when helooks at a galaxy than when he looks at a solar system. Also the
instruments have limitations. Thisisthe simpletruth. All the arvesfrom galaxies
suppat this smpletruth. We do nd need to reinvent the universe.

Thereativistic agument | gave in the earlier nates gill holds, bu people may fed more
comfortable thinking of "measurement uncertainty" as the key fador in the atoff,
because that iswhat the "relativistic" onset of "negative velocity" looks like to an
observer making the measurements.  1t©s just good ddHeisenbergian quantum
uncertainty due to the subtlety of the measurements. | seeplots of the same galaxy that
differ by many kpc©s regarding size, smply because it©s hard to measure the distance
acarately. This also throws the velociti es off.

The one thing we dl agree onisthe general shape of the galactic rotationcurve. Itis
clealy amirror image of Newton©& eplerian Dedine. If the establishment wishes to
keep giving galaxies haloes or adding arbitrary fadors to Newton©s law, | suppase these
areimaginative ways of doing astronamy. There ae many ways to write ejuations that
"fit" thedata. | just think it©s niceto knaw that the physics we dready have and the data
that we dready have ae dl quite alequate to dothejob. Once we agree that everything
isgenerally OK, we can then focus on the detail s of what happensin specific cases that
modify the general pattern.

Above: Plot from McGaugh and de Blok.
Right: Plot from Begeman, 1987.
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Based ondata plot by Chris Mihas,
shown on hs Case Western Reserve University web site.
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