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A Survey of Modified Newtonian Dynamics


The current model of the universe builds on the assumption that the entire universe follows the same physical laws as those that are experimentally shown on Earth.  This assumption is necessary to make predictions and theories for the heavenly bodies and history of the universe.  Other than the fact that the assumption works for predictions of a few measurable effects of the heavenly bodies, this assumption is completely unfounded.  There is no sure reason to think that there are not some other physical principles that apply to the heavens completely differently other than the notion that it is simpler if there in not another physical system.  One example is Ptolemy’s geocentric universe outlined in the Almagest which is able to properly predict all planetary motion as opposed to Copernicus’s theory of the heliocentric universe whose only advantage is it makes these predictions a bit easier to solve.


As a result of this assumption of the universe having the same physical laws in every part, the theories that work here on Earth must work for the heavenly bodies and visa versa.  If there is a discrepancy, a modification to the theory must be made.  Physics came to one such dilemma with the mass of galaxies.  One way to measure the mass of a galaxy is to measure the amount of matter that is visible.  One just measures the luminosity of the stars and makes the appropriate calculation.  The other way is to measure the speed that the galaxy rotates and make a calculation based on the angular momentum.  As always, problems arise when the two methods of measuring the same elements turn out to be different.  In this case, the two masses turn out to be different.  Incredibly different.  In fact, the two measurements are so different that to make the first match the second one has to assume that 95% of the mass of the galaxy is invisible or “dark”.  This is exactly what the field has done.  After all the only options here are to assume that there are different physical properties in the galaxies than here on Earth, Newtonian dynamics is flawed, or the majority of the mass cannot be measured with current technique.  The first two options appear to be fatal to physics as we know it, so the third is chosen and the ad hoc assumption of the hidden mass is assumed to be the explanation.  

This hidden mass hypothesis has been widely accepted even though it raises a really tough question for which there is not yet an answer.  Where did all that hidden mass come from?  Cosmology suggests that hydrogen was first developed and then came together and formed stars.  In the stars, nuclear reactions occur and heavier elements are formed in the core of the star.  Throughout the star’s lifetime there are a few phases that blast off the outer layers of the stars and release their elements out into the galaxy.  These element are what forms non-luminous objects such as planets, asteroids, and life.  Now if the universe were only 5% luminous and 95% non-luminous and the only elements that are released from the stars are those on the outer layers and the inner layers are the place where these elements are made then a) the universe has destroyed an incredible amount of stars, b) the universe has a great deal of hydrogen in it, or c) the hidden mass hypothesis needs revision.  

If the universe has destroyed enough stars that 95% of the universe is non-luminous matter, then the universe would leave signs and it would be much older than predicted.  Whenever a star dies it will leave a number of signs behind that will be somewhat detectable.  A brown dwarf, a neutron star, red giants, black holes are all signs of stars that have died or have released non-luminous matter into the universe.  There are have been no where near the number of these signs seen to accept this hypothesis.  There has not been a single black hole detection as the field has looked for to validate the hidden mass hypothesis.  This theory would also require the universe a great deal older than hypothesized.  The age of the universe comes from the stage that all the stars are in with the oldest stars pointing to the very beginning of the formation of stars.  This age does not correspond with the destruction of the number of stars required in order to produce such a large amount of non-luminous matter.
If the universe had a great deal of hydrogen in it there would be other problems.  One problem would be the temperature of the universe.  With 95% of the universe being hydrogen then the diffusion of the temperature would follow that same method of cooling as any three dimensional space here on Earth.  Mainly there would be a warm epicenter of where the temperature diffused from and a cooler edge of where the temperature is diffusing to.  But the universe has been shown to be a frigid 3 Kelvin everywhere.  There is no hotter epicenter in the universe.  Not even a gradual gradient in any direction.  From this and a few other measurements it is assumed that the universe is a vacuum and thus cannot be filled with hydrogen.
So finally, physics must turned to its most revered theories and assume there be some correction that allows the theory to be valid for Earth and for the heavenly bodies.  In 1923, a modification based on the distances of the gravitational force was proposed by English astronomer James H. Jeans  but was later refuted (Sci Am, 44).  Arrigo Finzi proposed another distance modification in 1963 but failed to correspond with observations (Sci Am, 44).  In 1983, Mordehai Milgrom has theorized that very thing with a correction factor for small acceleration as seen in the galaxies that caused so many problems to begin with.  In order for a hypothesis as equally as ad hoc as the hidden mass hypothesis and the heliocentric planetary system to be accepted, it must pass the test of being considerable and of being able to fit within the world of other known physically laws.  Milgrom and other supporters of Modified Newtonian Dynamics (MOND) claim that not only do they have a hypothesis that is compatible; it also makes correct predictions of new data.  
Milgrom redefines Newtons second law to read F=mgμ(a/ao)a instead of the traditional F=mga.  Here the term μ(a/ao) is added with a new universal constant ao defined to be 2
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10-8 cm s-2 and μ(x >> 1) ≈ 1 and μ(x << 1) ≈ x.  This would put any acceleration that can be tested easily here on Earth at the normal F=mga and thus hold on Earth and in the other parts of the universe.  To arrive at this formula Milgrom makes several assumptions (Milgrom 366).

(i) the inertia force of an object is still proportional to the gravitational mass of that object,

(ii) the acceleration still depends only on the force at the position of the object F as deduced conventionally from the distribution of its sources,
(iii) the inertia force is still in the direction of the acceleration,

(iv) in the limit of small acceleration the inertia becomes quadratic in the acceleration so that the rotation curve of a finite galaxy becomes flat asymptotically.

Due to the assumption (iv) a new constant, ao, was need in order to restore the orginal equation as a
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.  In 1983, Milgrom points out that this hypothesis needs to be brought out in a full blown theory where (a) The Newtonian dynamics of a gravitating system (amd possibly an arbitary one) break down in the limit of small accelerations. (b) In this limit the acceleration, a, of a test particle is given by a2/ao ≈ g. (c) The acceleration constant ao plays all the possible roles of such a constant in the modified dynamics.  (Milgrom, 367)

Milgrom observes some quick restraints to the hypothesis in 1983. The hypothesis does not shed any light on a many bodied problem.  How would the internal dynamics of a body be affected and how would the external field affect the internal dynamics of a body?  How would photons act in this field?  Milgrom can respond to these first two questions but has to violate the strong equivalence principle (Milgrom, 368).  The third question he has no response.  

Where the model can be shown to be accurate is with several hard predictions within the orbits of the solar system.  Milgrom is able to get incredible accurate numbers for the perihelion precession of Mercury and the variations in the ratio of inertial to gravitational mass from body to body.  Milgrom later points out predictions based on numbers from x-ray clusters (Milgrom 1998).  He calls for review of the principle to cosmology and relativistic stand points.  

Astronomer Stacy McGaugh answers that request with “MOND in the Early Universe” published in 1998 as well.  She points out that MOND’s lack of a relativistic theory produces problems for it developing a true cosmological model but it does pose some interesting results.  One result is a non-trivial expansion history that completely does away with the flatness problem.  The expansion history does away with the need to have dark matter since MOND would explain the reasoning for dark matter in the first place:  The flatness problem and eliminating the problem of having the universe being a rapidly growing structure.  These hypotheses are still being tested in some of the x-ray cluster data that is currently running.

In 2001, R.H. Sanders released “MOND and its implications”.  Here are outlined several proven predictions of Milgrom in his early eighties papers on MOND.  
1. There exists a critical value of the surface density of a galaxy to show whether it will accelerate at rates applicable to MOND. (McGaugh & de Blok 1988a,b)
2. There is an upper limit to the luminosity of galaxies that are unstable rotators in Newtonian dynamics.(Ostriker & Peebles 1973, Freeman 1970, Allen & Shu 1979)
3. Spiral galaxies with a mean surface density near the limit will have a rotation curve that declines in a near Keplerian fashion to the asymptotic constant value. (Casertano &van Gorkom 1991)
4. With Newtonian dynamics, pressure-supported systems which are nearly isothermal have infinite extent.(Fish 1964, Sanders 2000)
5. The most remarkable phenomenological success of MOND is in predicting the form of rotation curves from the observed distribution of detectable matter-stars and gas (Begeman et al. 1991, McGaugh & de Blok 1998, Sanders & Verheijen 1998)
These predictions and proofs provide even more reasoning to give a good look at this ad hoc theory.


While MOND still remains incomplete it provides answers for some tough questions posed by the hidden mass hypothesis.  The theory is still in development and as all newly developing theories, there has been a great deal of criticism of the theory.  The theory has a long way to go before the entire physics community will accept it.  MOND is getting on a roll though with more and more papers about the theory turned out each year and more satisfied predictions.
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