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II.  Preface to Edition 2  
This edition has important changes, some that occurred after discovering a glaring error in the 

calculations for incorrectly applying the conservation of energy to achieve the Moon's present distance 

from Earth.  A fresh new look was given to the capture mode and synchronization process for the Earth 

and Moon.  Very new and insightful ideas with supporting calculations are added.  A more detailed 

approach to how the Earth slowed its orbital velocity to match the Moon's is given.   This approach 

utilizes impulse momentum and calculates the time for synchronization to occur.  Then the 

synchronization process was expanded to show how the Moon actually begins orbiting the Earth and 

gaining very quickly more separation distance to balance the kinetic energy of the Moon's orbit and 

accompanying potential energy changes.  Finally, the waning rotational periods of both bodies and the 

Moon's rate of receding are addressed. 

Apologies are given for errors in the first edition.  However, more importantly, a much better 

understanding has been gained in trying to fix these calculations.  A mark-up copy going from Edition 1 

to Edition 2 is provided for those readers of the first edition who were confused and perhaps 

disappointed.  Hopefully, those readers can find their way sooner to remove their confusion by utilizing 

the document version with tracked changes.  Thank you for your continued interest in these journals 

and hypotheses. 

III.  Introduction  
A new hypothesis is presented to support a new genesis for the Earth-Moon system.  Both a major 

collision and a capture mode are proposed to bring these two bodies together after the pristine solar 

system was formed.  The currently accepted idea is that a rogue planet (Impactor) the size of Mars 

struck a glancing blow on the young, fast spinning Earth and then was launched into an orbit around the 

Earth with the collision ejecta eventually being accreted by the smashed rogue planet to form the newly 

ŎŀǇǘǳǊŜŘ ǎŀǘŜƭƭƛǘŜΦ  ¢ƘŜ 9ŀǊǘƘΩǎ ǎǇƛƴ ƘŀŘ ǘƻ ōŜ ǳƴǊŜŀǎƻƴŀōƭȅ ǾŜǊȅ Ŧŀǎǘ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ aƻƻƴΩǎ ŀƴƎǳƭŀǊ 

momentum.  The new hypothesis of this paper proposes a quite different scenario which better explains 

the data collected by the Apollo Missions, space probes, and space telescopes.  Knowing the correct 

ƘȅǇƻǘƘŜǎƛǎ ŘƻŜǎ ƭŜŀŘ ǘƻ ŀƴǎǿŜǊǎ ƻŦ ƻǘƘŜǊ ƳȅǎǘŜǊƛŜǎ ŀōƻǳǘ ǘƘŜ 9ŀǊǘƘΩǎ ŎƻƳǇƻǎƛǘƛƻƴΣ ŀǘƳƻǎǇƘŜǊŜΣ ŀƴŘ 

geology. 

The new Earth-Moon genesis follows.  A rogue planet or satellite strikes the Earth in its first orbital 

location and creates the Earth-Moon system. ¢ƘŜ {ǳƴΩǎ ƻǊōƛǘƛƴƎ ǇƭŀƴŜǘǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ŜǾƻƭǾŜŘ ƛƴ ŀ ƴŜŀǊƭȅ 

level plane going in one direction in nearly concentric circles around the star. The star is already fusing 

hydrogen and the proto-star disk has been mostly evacuated of gases and dust. This collision occurs in 

an almost pristine, young star system just beginning to enter the Main Sequence of stars with its yet 

undisturbed nine planets. 

The nine planets starting at the closest orbit to the Sun are Mercury, Venus, Moon, Mars, Earth, Jupiter, 

Saturn, Uranus, and Neptune. The Plutonian or minor planets beyond Neptune are not counted because 

of their small size, their more elliptical and non-coplanar orbits. The original Earth had an orbital 

distance that approximates the center of the Asteroid Belt. A major collision knocked the Earth inward 
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along the plane of the planetary orbits toward the Sun. Its trajectory caused it to align with the same 

ƻǊōƛǘ ŀǎ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΦ The nature of the trajectory eventually created synchronized orbits for the 

Earth and Moon favoring the smaller Moon orbiting around the more massive Earth. Actually, the Moon 

moves in a wavelike pattern as it travels with the Earth in their orbits. The Moon orbits the Earth only 

from the perspective of an observer on this planet; otherwise, it moves in a wavelike fashion around the 

Sun being held in place mostly ōȅ ǘƘŜ {ǳƴΩǎ ƎǊŀǾƛǘȅ. 

Other telltale evidence of the collision is the existing Asteroid Main Belt with its smaller bodies that 

appear to be the break-up of an existing body or the debris created by the proposed collision. According 

to the Titius-Bode Rule, a planet should exist in this orbit, but only the asteroids reside here that have a 

combined mass much less than a typical smaller outer- planet satellite. And, then why did not the 

asteroids accrete to become a single body like the other rocky inner planets? These rocky bodies had 

some 4.6 billion years to do so since some of the oldest rocks in the solar system are found in meteorites 

which are fallen asteroids. ! ŦŜŜōƭŜ ŀƴǎǿŜǊ ƛǎ ǘƘŀǘ WǳǇƛǘŜǊΩǎ ǎǘǊƻƴƎ ƎǊŀǾƛǘȅ ŦƛŜƭŘ and resonance prevents 

them from accreting, but modeling is not conclusive. However, there is a working model that predicts 

the two groupings of Trojan asterƻƛŘǎ ǘƘŀǘ ǿŜǊŜ ƎŀǘƘŜǊŜŘ ƛƴ WǳǇƛǘŜǊΩǎ ƻǊōƛǘ ŀƴŘ ŀǊŜ ŀōƻǳǘ мнл ŘŜƎǊŜŜǎ 

apart in their orbit around Jupiter. These asteroids were also created during the collision and were flung 

ƻǳǘǿŀǊŘ ƛƴ WǳǇƛǘŜǊΩǎ ŘƛǊŜŎǘƛƻƴΦ This paper proposes  that any collisional debris that occurs after the 

formation of the pristine solar system remains as scattered debris unless:  some debris is originally flung 

too close to larger bodies and falls to its surface; some of this debris remains in the orbit where the 

collision occurred; some  is flung outward to become the Trojan asteroid groupings; some  is flung 

ƛƴǿŀǊŘƭȅ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 9ŀǊǘƘΩǎ ƴŜǿ ǘǊŀƧŜŎǘƻǊȅ ŀƴŘ ŜƴŘs up either falling back to Earth or impacting its 

new neighbor, the Moon; some debris strikes other inner solar system bodies - labeled as the Late 

Heavy Bombardment (LHB) period; and finally, some  are flung randomly either  into highly elliptical and 

non-planar orbits or into the Sun. 

Then there is the Moon enigma: why did the Earth, the only inner planet, have a satellite with an 

unusually large satellite- to- planet mass ratio, about one to seven? Obviously, different factors created 

the Moon as compared with the typical satellites of the outer planets. Of course, the proposed collision 

is the creator of this Earth-Moon systŜƳ ŀƴŘ ƴƻǘ ǘƘŜ ƳŜŎƘŀƴƛǎƳ ǘƘŀǘ ŎǊŜŀǘŜŘ ǘƘŜ ƻǳǘŜǊ ǇƭŀƴŜǘǎΩ ǎŀǘŜƭƭƛǘŜ 

systems.  Numerous reasons and evidence for this newly proposed collision follow.  Also discussed are 

reasons why the currently accepted collision-capture mode is not very probable, if not actually possible. 

IV. The Moon as a Planet 
¢ƘŜ aƻƻƴ ƛǎ ǘƘŜ ƻƴƭȅ ǎŀǘŜƭƭƛǘŜ ƘŜƭŘ ƛƴ ƛǘǎ ƻǊōƛǘ ōȅ ǘƘŜ {ǳƴΩǎ ƎǊŀǾƛǘȅ ŀƴŘ ƴƻǘ ƛǘǎ ǇŀǊŜƴǘ ǇƭŀƴŜǘΩǎ ƎǊŀǾƛǘȅΦ 

¢Ƙƛǎ ƭƛǘǘƭŜΣ ƴƻǘ ǿŜƭƭ ƪƴƻǿƴ ŦŀŎǘ ǿŀǎ ōǊƻǳƎƘǘ ǘƻ Ƴȅ ŀǘǘŜƴǘƛƻƴ ƛƴ ƻƴŜ ƻŦ LǎŀŀŎ !ǎƛƳƻǾΩǎ ōƻƻƪǎ ƻƴ 

astronomy.a  This satellite has the only orbit that is always concave toward the Sun in its entire orbit 

while it still orbits the Earth. Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ aƻƻƴ ƛǎ ƴƻǘ ƛƴ ǘƘŜ ǇƭŀƴŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŜǉǳŀǘƻǊ ƴƻǊ ƛǎ ƛǘ ƛƴ 

the plane of the ecliptic or the average plane shared by all the planets. Of course, the collision proposal 

addresses these issues by not requiring any common proto-star disk orbital plane. The Moon and Earth 

had separate origins and were both captured ƛƴ ǘƘŜƛǊ ƛƴŘƛǾƛŘǳŀƭ ƻǊōƛǘǎ ōȅ ǘƘŜ {ǳƴΩǎ ƎǊŀǾƛǘȅ and other 

forces at different times. ¢ƘŜ но ŘŜƎǊŜŜ ǘƛƭǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŀȄƛǎ ǘƻ ǘƘŜ ŜŎƭƛǇǘƛŎ ǇƭŀƴŜ ǿŀǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ 
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collision. The Impactor struck the Earth at middle latitude some distance from the equatorial plane 

causing this yet unexplained tilt of the axis which causes the seasons. The impact forces of the collision 

ǉǳƛǘŜ Ǉƻǎǎƛōƭȅ ŎŀǳǎŜŘ ƻƴŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƳƛƴƻǊ ǿƻōōƭŜǎΣ ōǳǘ ƴƻǘ necessarily its precession that 

completes one rotation every 26,000 years. This is similar to pushing a spinning top with your finger to 

cause it to wobble and slow down its spin. ²ƘŜƴ ǘƘŜ ōŀǘǘŜǊŜŘ 9ŀǊǘƘ ƛƴǘǊǳŘŜŘ ƛƴǘƻ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ ƛǘ 

Ǉƻǎǎƛōƭȅ ŘƛǎǘǳǊōŜŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǇƭŀƴŜ ŀƴŘ ǎƘƛŦǘŜŘ ƛǘ ōȅ ŀōƻǳǘ р ŘŜƎǊŜŜǎ ŦǊƻƳ ǘƘŜ ŜŎƭƛǇǘƛŎΦ 

According to the Titius-Bode Rule, a representation of gravity waves, any wandering planet that has not 

deviated too much from a circular path around the Sun should find another orbit per this mathematical 

series which is actually an approximation of a better known mathematical series.b More explanation of 

the reasons for this rule will come later. The rule is just not a fluke of numerology. Other evidence of the 

collision are the craters on the Moon of a certain era, the original super-continent on young Earth, 

ǎǳǊŦŀŎŜ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎΣ ŀƴŘ ǘƘŜ 9ŀǊǘƘΩǎ geological  hot spots. Another way of looking at this so-called 

evidence is that they can be explained by this one collision hypothesis and not by separate concocted 

models produced currently by the academic community. These four topics each have their own enigma 

that is not well answered by any current, serious common hypothesis. The geophysicists are just so 

happy to learn about the existence of super-ŎƻƴǘƛƴŜƴǘǎΣ ǘƘŜ ǘŜŎǘƻƴƛŎ ǇƭŀǘŜ ǘƘŜƻǊȅ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ 

and geological hot spots in the recent past, the 19слΩǎΣ ŘǳŜ ǘƻ Ǝƭƻōŀƭ ǎǳǊǾŜȅǎ ōƻǘƘ ƛƴ ǘƘŜ ǎŜŀ ŀƴŘ ƻƴ 

land. Answers to why they exist are very weak or non-existent. Exploration of the Moon in recent 

ŘŜŎŀŘŜǎ Ƙŀǎ ǊŜǾŜŀƭŜŘ ǘƘŜ ŀƎŜ ƻŦ ǾŀǊƛƻǳǎ ŎǊŀǘŜǊƛƴƎ ŀƴŘ ƭŀǾŀ ƳŀǊŜǎ ƻƴ ǘƘŜ aƻƻƴΩǎ ǎǳǊŦŀŎŜΣ ōǳǘ ƎƻƻŘ 

explanations for these ages are not quickly forthcoming. This paper produces excellent answers to these 

conundrums. 

V. The Age of Celestial Bodies 
!ƎŜǎ ƻŦ ǘƘŜ aƻƻƴΩǎ ǎǳǊŦŀŎŜ ƳŀǘŜǊƛŀƭǎΣ ŀǎǘŜǊƻƛŘǎΣ ƳŜǘŜƻǊƛǘŜǎΣ ŀƴŘ ǎƻƳŜ ƻŦ ǘƘŜ ƻƭŘŜǎǘ ǊƻŎƪ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ 

surface show a trend that peaks about 3.9 ς 4.0 billion years ago which scientists call the Later Heavy 

Bombardment (LHB) period. This is about 600 million years after the birth of the solar system. The age of 

the oldest meteorites found on Earth, among other evidence, has produced this birth as 4.6 billion years 

ago. The new collision hypothesis predicts that a major impact of the Earth created this LHB period 

which matches the age of the oldest cratons, the foundations of the oldest mountain chains, on Earth. 

The collision creates the melting and re-solidification of the asteroids and some of the oldest melted 

rock on both the Moon and Earth to mark the age of this heavy bombardment. This Impactor about the 

size of Mars was composed mostly of ices with a small rocky core, similar to the composition of some of 

the satellites of the outer planets. The young Earth had already cooled enough and differentiated its 

materials causing the mantle to be covered with an outer hard crust or sea floor covered with liquid 

water and gases. The water was more likely liquid and not steam or frozen ice. Even though the Earth at 

that time was not in the so-called habitable orbital region of the Sun, the heat from the young proto-star 

and the heat escaping from the mantle kept the water from freezing and aided the rapid cooling of the 

crust. There probably was even a water cycle where the water convectively moved to the hotter surface 

regions, evaporated, and then condensed as rain in cooler regions of the globe. The asteroids are broken 

shards or collections of shards that re-combined either through accretion or solidification. These 



  Page 6  
Copyright © 2012 Douglas B. Ettinger. All rights reserved. Revised 11/5/2013 

ŀǎǘŜǊƻƛŘǎ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ŀ ǎƳŀƭƭ ŦǊŀŎǘƛƻƴ ƻŦ ōƻǘƘ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ƳŀǘŜǊƛŀƭǎ ŀƴŘ ŀ ƳƛȄǘǳǊŜ ƻŦ ƛŎŜǎ ŀƴŘ 

rock of an already formed rocky crust and upper molten mantle on Earth. 

Hence, it is postulated and to be proven later by space probes that the asteroids have a mixture of ages 

for their isotopes. ¢ƘŜ ƻƭŘŜǎǘ ǊƻŎƪǎ ǿƻǳƭŘ ōŜ ǇƛŜŎŜǎ ƻŦ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ŀƴŘ ŎǊǳǎǘ ǘƘŀǘ ŘƛŘ ƴƻǘ ƳŜƭǘ ŘǳǊƛƴƎ 

the collision; these materials should be closer to the age of the solar system, 4.6 billion years. The 

younger asteroids would be pieces of both the Earth and the Impactor that melted during the collision; 

the melted materials would soon solidify near the aftermath of the collision 3.9 billion years ago. These 

ŀǎǘŜǊƻƛŘǎ ǿƻǳƭŘ ǊŜǘŀƛƴ ǘƘŜƛǊ Ŏƻƭƭƛǎƛƻƴŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŀƴŘ ǘƘŜƛǊ ƻǊōƛǘŀƭ ǾƛŎƛƴƛǘȅ ƴŜŀǊ 9ŀǊǘƘΩǎ ŦƛǊǎǘ ƻǊōƛǘŀƭ 

position in the Asteroid Belt. Only a few of the debris components were large enough for gravity to 

reform them into spherical shapes such as the asteroid, Ceres. Possibly, Ceres was a satellite of Earth 

ǘƘŀǘ ōǊƻƪŜ ŀǿŀȅ ŦǊƻƳ 9ŀǊǘƘΩǎ ƎǊŀǾƛǘȅ ŦƛŜƭŘ ŀŦǘŜǊ 9ŀǊǘƘ ǿŀǎ ŘƛǎǇƭŀŎŜŘ ŦǊƻƳ ƛǘǎ ƻǊōƛǘΦ 

VI. The Birth of Continents  
The young mantle was still very hot, less viscous, and very molten; when the rogue orb penetrated 

9ŀǊǘƘΩǎ ŎǊǳǎǘΣ ǘƘŜ ǊƻŎƪȅΣ ŘŜƴǎŜǊ ŎƻǊŜ ƻŦ this Impactor went deeply into the mantle while the lighter ices 

remained higher and became well mixed in the upper mantle. The heavier core if it was iron or nickel 

settled on the liquiŘ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƛǊƻƴ ŎƻǊŜ ŎŀǳǎƛƴƎ ƛǘ ǘƻ ŜƴƭŀǊƎŜΦ The combined denser core and 

ƭƛƎƘǘŜǊ ǾƻƭŀǘƛƭŜǎ ƻŦ ǘƘŜ LƳǇŀŎǘƻǊ ōƭƻŀǘŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ǎƛȊŜΦ ¢Ƙƛǎ ƎǊƻǿǘƘ ƻǊ ŘƛǎǇƭŀŎŜƳŜƴǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ 

mantle caused the young crust to crack like an egg shell. The fluid mantle mixing with ices from the 

Impactor, the new mantle displacement, and rapid differentiation cracked the existing crust. Materials 

in the impact zone rebounded and oozed from the immense crater flowing over the surface of the 

adjacent, original ocean floor. ¢Ƙƛǎ ƳƛȄǘǳǊŜ ƻŦ ƳŀǘŜǊƛŀƭ ƻŦ ǘƘŜ ŘŜƴǎŜǊ ƳŀƴǘƭŜ ŀƴŘ ǎƻƳŜ ƻŦ ǘƘŜ LƳǇŀŎǘƻǊΩǎ 

volatile lighter materials rested on top of the original seafloor crust and caused it to sink 9ŀǊǘƘΩǎ {ŜŎƻƴŘ 

Differentiation 

However, enough mantle material escaped to create land or rock above sea level that would become 

the first super-continent on Earth. This hypothesis supports a reason for an original super-continent and 

the various cracks occurring globally in the first ocean floor crust that would continue for future ocean 

floors as rifts and boundaries between migrating tectonic plates. This is why the continental crust is less 

dense than the ocean floor crusts. The ocean floor crust came from original differentiation where most 

of the lighter materials migrated when the completely molten Earth was first forming by accretion. After 

the collision, the denser mantle materials were mixed with the lighter volatile materials of the Impactor. 

This mixture of materials was then displaced to create the continental crusts of 2.7 g/cm3 which are 

appreciably lighter than the original ocean crusts of 3.3 g/cm3.c It is similar to boiling an egg in a pot and 

allowing the convection currents of the water to smash the shell causing egg white to ooze thru the 

most smashed area and cover a portion of the egg shell and also seep from small cracks.  The current 

accepted thinking is that the continents are the result of the first differentiation of lighter materials; but 

why was not these lighter materials more equally distributed around the globe?  Only the new collision 

model can answer this question. 
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Now the finely tuned spinning oblate, symmetrical Earth becomes off-balanced. Through Coriolis forces 

of the large raised areas of the super-continent floating on the very fluid, convective, molten mantle 

begin to move radially and spin slowly. This massive continent starts to slowly break-up and migrate 

trying to find a new equilibrium point. Global cracks are continuing in the ocean crust and rifts begin in 

the super-continent. This develops the process of global plate tectonics which is not found anywhere 

else in the solar system. Also, any planet or satellite with very high regions and low regions on its surface 

is unusual and only found principally on Earth and Mars. The new collision hypothesis speculates that 

most differentiation of the original planet occurred very early in the history of the solar system prior to 

this proposed major collision.  Then a secondary differentiation started after the collision via the 

LƳǇŀŎǘƻǊΩǎ ŎǊŀǘŜǊΣ ǾƻƭŎŀƴƛǎm at geological hot spots, and the subduction zones of tectonic plates at 

major crustal cracks. 

This large collision created a new and strange phenomenon. The majority of ices of the Impactor that 

did not get blown into inter-planetary space become mixed wƛǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ƳŀǘŜǊƛŀƭΦ Then a 

secondary differentiation process occurs that took a new form. The ices and lighter volatile materials of 

the Impactor began to separate and rise only to be caught underneath the existing oceanic crust and the 

newly, partially solidified ŎƻƴǘƛƴŜƴǘŀƭ ŎǊǳǎǘ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ƭƛǘƘƻǎǇƘŜǊŜΦ  This entrapment gives a strong 

reason for random hot spots that are found randomly around the Earth. The reasons for these 

ambiguous geological hot spots are currently well debated by geophysicists. 

VII. Geological Hot Spots 
These more volatile materials are pushed by hydrostatic pressures and seek a way to escape through the 

existing hardened crust. It is like pushing the air from an air mattress; if you push downward with your 

hands on the mattress only a certain amount of air is compressed causing a small amount removed at 

any one time through a leak or an exit valve. Other amounts of air are pushed to other parts of the air 

mattress. Likewise, the process of removing large pockets of volatiles trapped under the hardened sea 

crust or continental crust occurs in intermittent and random spurts whenever a hole is opened through 

the crust to the atmosphere. Some of the volatile materials will be displaced to different, adjacent areas 

and become a series of trapped pockets of lighter materials which will eventually be released to the 

atmosphere over very long and random periods of time causing island chains and migrating hot spots. 

Some of these volatile materials make or find fissures in the deeper crust at random locations that then 

create magna cavities, upward movement of the crust, and eventually volcanic eruptions; other volatile 

or lighter materials will seep  from oceanic crustal cracks or mid-ocean ridges created by the collision. 

These new volatile materials from the Impactor create pockets randomly under both the existing ocean 

crust, the new continental crust, and at the crustal cracks. These volatile pockets of material trapped in 

the lithosphere under the hardened crust need not favor any particular location in this new hypothesis. 

Geophysicists are especially puzzled because hot spots occur in any location and do not reveal any 

particular mechanism or origin. The current thinking for hot spots is hot plumes migrating upward 

through the mantle from the surface of the liquid core.d It is difficult to conceptualize how a plume can 

stay together while moving upward through a very thick, viscous, convective mantle, but the claim of 

modern seismic tomography is that hot spots deep in the mantle and close to the liquid core can be 
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detected. The liquid outer core is supposed to rotate or churn with respect to the lower mantle in order 

ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƻōǎŜǊǾŜŘ 9ŀǊǘƘΩǎ ƳŀƎƴŜǘƛǎƳΦ The outer liquid core movement with respect to the lower 

mantle is slow since its movement is obtained from hydraulic friction via the faster spinning inner solid 

core. It acts like a fluid clutch, but nevertheless, various motions between the upper liquid core and the 

bottom the mantle should occur. So how does a hot spot stay stationary for any length of time with 

respect to the crust resting on the lithosphere? 

!ƴƻǘƘŜǊ ǉǳŜǎǘƛƻƴ ŀǊƛǎŜǎ ŀōƻǳǘ ǿƘȅ Ƴŀƴȅ Ƙƻǘ ǎǇƻǘǎ ŦƻǊ Ƴƛƭƭƛƻƴǎ ƻŦ ȅŜŀǊǎ ƳƛƎǊŀǘŜ ŀŎǊƻǎǎ ǘƘŜ 9ŀǊǘƘΩǎ 

surface. The well-known hot spot, the Hawaiian Island Chain, has migrated from the Aleutian Islands and 

curved southward and eastward toward its existing location in the center of the Pacific Ocean. Current 

ǘƘƛƴƪƛƴƎ ƛǎ ǘƘŀǘ ǘƘŜ ŎǊǳǎǘŀƭ ǇƭŀǘŜǎ ŀǊŜ ƳƻǾƛƴƎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ Ƙƻǘ ǎǇƻǘΩǎ ƻǊƛƎƛƴ ƻƴ ǘƘŜ ƭƛǉǳƛŘ ŎƻǊŜΩǎ 

surface. This is very erroneous thinking. The hot spot cannot stay stationary due to the rotating and 

churning liquid core, and still have some movement over long periods of millions of years. What can 

cause this ambiguous process? 

Hot spots are fairly fixed with respect to plate motions. Plate movements typically are measured with 

modern geodetic positioning systems (GPSs) to move about 5 to 10 centimeters per year. Hot spots 

move only a few millimeters per year with respect to each other. This is why scientists believe hot spots 

are related to the mantle and not the crustal plates.e 

The new collision hypothesis answers these questions about hot spots. The residual ices of the Impactor 

have randomly mixed and differentiated inside the mantle to be collected and trapped globally in 

different spots under an already hardened crust. These hot spots move slower with respect to the crust 

due to the movement of the crust with respect to the hot spot being compressed into the lithosphere at 

the top surface of the upper mantle. The compressed volatiles of the hot spot actually roll underneath 

with respect to both the more stationary lithosphere and the faster moving plates. Most of this 

movement is predicted to be caused by the Coriolis forces created by the spinning Earth. Other minor 

forces can be the potential elastic forces in the lithosphere and the potential viscous forces in the 

athenosphere due to the mountain building and wasting on continental plates. 

It has been noticed by geophysicists that the chemistry of materials in the eruptions from hot spots and 

from mid-ocean ridges is consistently different. The hot spot flood basalts resulting from the solidifying 

magmas have higher rare earth ratios than the mid-ocean ridge basalts. e This suggests to scientists that 

the origins are different such as one type of magna coming from a deeper level in the mantle. They are 

trying to support the mantle plume theory originally conceived by J. Tuzo Wilson with these facts.f But, 

the contention of this paper is that the difference in rare earth ratios is more appropriate to the new 

collision theory. 

!ǎ ǿŀǎ ŜȄǇƭŀƛƴŜŘΣ ǘƘŜ ŜŀǊƭȅ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ǿŀǎ ŀƭǊŜŀŘȅ Ƴƻǎǘƭȅ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǇǊƛƻǊ ǘƻ ǘƘŜ ƎǊŜŀǘ ŎƻƭƭƛǎƛƻƴΦ 

!ŦǘŜǊ ǘƘŜ Ŏƻƭƭƛǎƛƻƴ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ƛŎŜǎ ǿŜǊŜ ŦǊŀƎƳŜƴǘŜŘ ŀƴŘ ǊŀƴŘƻƳƭȅ ƳƛȄŜŘ ƛƴǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ŀƴŘ 

were rather quickly differentiated. However, this second phase of differentiation caused the lighter 

volatile materials to collect or be lodged in various hot spots in the lithosphere under the hard tectonic 

plates. Naturally, the regular mantle material composition should be consistently different from the 
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mixed material of lighter volatiles found at the various hot spots around the globe. The basalts of the 

mid-ocean ridges come directly from the regular mantle material and not necessarily from the Impactor 

ices. ¢ƘŜǊŜ ŀǊŜ ǎƻƳŜ ŜȄŎŜǇǘƛƻƴǎ ǎǳŎƘ ŀǎ LŎŜƭŀƴŘΣ ǿƘƻǎŜ Ƙƻǘ ǎǇƻǘ ƭƛŜǎ ƻƴ ǘƘŜ !ǘƭŀƴǘƛŎΩǎ ƳƛŘ-ocean rift. The 

magna from the regular mantle is needed to displace or fill-in the rifts created by any cracks in the plates 

that are expanding instead of closing or subducting. The constant pressure on the mantle material 

causes upward movement when any part of the hard crust opens. There is no reason to have a different 

origin in the mantle for any basaltic materials that create oceanic crusts. The second phase of 

differentiation created by the new collision scenario was never allowed to be completed because its 

upward movement was interrupted by an already existing fully differentiated, cooled, and hardened 

crust. 

The history of intra-plate volcanoes such as Yellowstone and underwater seamounts that are not near 

any mid-ocean ridges do not fit the other accepted theories of plate tectonics and mantle convection. 

The big debate is about why these intra-plate volcanoes occur? The sinking of material due to 

subduction of the plates and the creation of subduction volcanoes is well explained. But, what 

dominates the upward flow of material and what is the origin of extra, concentrated heat to create 

these intra-plate volcanoes? The new collision theory with trapped differentiated Impactor ices is the 

resolution. These bubbles of light volatile material are being constantly pushed against the underside of 

the various crustal plates for billions of years. These hot spot materials are intermittently seeping 

through to the atmosphere as intra-plate volcanic eruptions probably at a much lessor rate than in the 

distant past. 

Some of these intra-plate volcanoes are known to be extremely explosive such as Yellowstone that 

exploded 2.1 million years ago and blanketed the North American continent with approximately 2450 

km3 of ash. It had other large eruptions 1.3 and 0.64 million years ago. The thought is that the magna of 

these volcanoes is more viscous due to more silica and a colder crust; also, water falling on the 

continental crust becomes mixed with the magna. These conditions cause the magna chambers to build 

up more pressure before erupting. e 

Another result of the trapped ices would be that the most volatile material such as water and carbon 

dioxide will be released first in hot spot eruptions. But if the hot spot is under a thicker, harder 

continental crust then its lighter volatile materials that create very explosive conditions can be retained 

for longer periods of time. It is more difficult for all the water and carbon dioxide to be all released 

under continental crusts in the first eruptions during the life of the hot spot. 

Another observation is that moving hot spots do not always have a sequential age of eruptions along its 

line of travel. This is known from seafloor core drillings for determining the age of the rock at island hot 

spots. e This fact creates another conundrum for geophysicists. Another contention from the theory of 

trapped volatile materials is the analogy of the air mattress. The pressure of the mantle pushes upward 

and releases gases and other lighter materials wherever the weakest crust occurs to allow a fissure. And 

there is no requirement that these fissures be in any sequence. The chances are more likely for 

weakened crust to occur directly over the center of the moving hot spot and cause sequential eruptions 

but this is not absolutely required. Similar to an air mattress as you push in one place and displace the 
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air to adjacent areas while some air escapes from the opened valve, this happens to the lighter magna 

trapped between the crust and the lithosphere. No sequential eruptions comparable to the opening of a 

zipper are required. 

Why have not geophysicists already adopted some form of this new reasoning for trapped volatile 

materials under the crust? Planetary scientists have already gleaned the possibility of a major collision of 

Earth with some Mars-size body in order to create the Moon. Supposedly, the glancing collision and the 

resulting debris from the impact either fell back to Earth or re-ŎƻƳōƛƴŜŘ ƻƴǘƻ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ŎƻǊŜ ǘƻ 

form the Moon. The scientists already accept some form of differentiation prior to the collision to 

explain that the Moon is much lighter than the Earth with a small iron core. Their mental block probably 

results from the following current thinking: 

1. tǊƛƻǊ ǘƻ ǘƘŜ ƎǊŜŀǘ Ŏƻƭƭƛǎƛƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ǿŀǎ ƳƛƴƛƳŀƭ ŀƴŘ ǘƘŜ ǎǳǊŦŀŎŜ ǿŀǎ ǎǘƛƭƭ ǾŜǊȅ 

hot and molten; 

2. The Impactor material mostly melted and exploded in its collision path and was dispersed into 

ǎǇŀŎŜ ŀƭƻƴƎ ǿƛǘƘ ŦǊŀƎƳŜƴǘǎ ƻŦ ǘƘŜ ƻǳǘŜǊ 9ŀǊǘƘΩǎ ŎǊǳǎǘŀƭ ŀƴŘ ƳŀƴǘƭŜ ƳŀǘŜǊƛŀƭǎΤ 

3. A sizable amount of material from the Impactor is required to make up the volume and mass of 

the Moon. 

Planetary scientists still have the same problem that anyone has with any new collision hypothesis. 

Where did this Mars-size body come from? This question will be answered later by providing evidence 

for a source of a wandering, large, rogue body 600 million years after the birth of this pristine solar 

system. 

Before ending this discussion of hot spots on Earth, speculation is given about one more fast moving hot 

spot that in recent geologic time created the crashing of the Indian sub-continent into Asia to create the 

Himalayan Mountains. The most recent super-continent was Pangaea that broke into two lesser super-

continents called Laurasia and Gondwanaland. The Indian sub-continent was originally part of a super-

continent called Gondwanaland and was attached to Antarctica near the southern polar region. About 

71 million years ago India broke away from Antarctica and starting moving northward across what is 

termed the Tethys Sea that separated the two super-continents of that time. e 

VIII.  The Indian Sub -Continent Movement  
Fifty-five million years ago the Indian sub-continent traveled to what is now known as the southern 

Indian Ocean. Then just 38 million years ago and with remarkable speed compared to geological time, 

the Indian land mass had reached the middle of the Indian Ocean.  And just 10 million years ago India 

collided with Laurasia or what is known as Asia and pushed Southeast Asia to the southeast e. The Indian 

sub-continent swept up an island arc, a continental shelf, and deposits of an ocean basin, and pushed 

them into an accretionary wedge that would become the young Himalayan Mountains. India then slid 

under Asia doubling the continental crust thickness. A normal continental crust from seismology is about 

35 km deep, but the crust under the Himalayan Mountain is 80 km thick. Isostasy or the displacement of 

floating continental crusts is attempting to balance the exceptional weight of the very high Himalayas. e 
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So what is the root cause of this amazing event? There are few answers from the scientific community 

except for very generic reasons such as mantle convection and subduction and mountain building due to 

the collision of two continents. I will portray a scenario using the new collision model that creates 

ǘǊŀǇǇŜŘ ƛŎŜǎ ǳƴŘŜǊ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘΦ These ices and volatiles act as rollers between the crust and upper 

more viscous mantle. Is there any better answer at this time? This postulation shows how easily very 

strange surface events on Earth can be explained armed with the concept of trapped ices and volatiles. 

Although this is still speculation, it is far better than the current speculation by geophysicists. 

The Indian sub-continent being attached to Antarctica was in a very unbalanced condition in the lower 

southern latitudes. Antarctica had already found a balanced and stable position at the polar region. 

When the final rift occurred the reaction forces were similar to a rubber band being stretched until it 

breaks. The rebound propelled the Indian continent northward across the Tethys Sea where the oceanic 

crust was probably very thin and elastic. As the Indian continent moved over this crust it either piled the 

oceanic plate in front like pushing a carpet into ripples or stacking it underneath the continent in layers. 

The accelerated movement of Indian sub-continent was caused by a rather large hot spot that either 

acted like a roller or lubricated sled. The hot spot was either under the continent before it broke away 

from Antarctica or it was northward in the path of the moving continent.  If the hot spot was in its path 

it was more than likely located near the now existing hot spot of the Reunion Islands east of 

Madagascar. The Indian continent more than likely already had a hot spot under its plate and the 

combination of the elastic forces of its rift from Antarctica combined to give it unstoppable momentum. 

Current evidence for this hot spot is the Deccan Steps located in eastern India where major flood basalts 

surfaced to create unusual geologic formations. Other evidence is the separation of Madagascar from 

Africa where possibly the hot spot in question under the Indian plate extended westward and lifted part 

of the African plate to dislodge a piece. The combination of the uplifting due to the hot spot and the 

northward movement of the Indian plate causing sidewise friction pulled Madagascar away from its 

super-continent. Geological conditions under the Indian Ocean between the Reunion Islands east of 

Madagascar and the Deccan Steps of western India indicate undersea ridges and seamounts that 

possibly show the residual effects of the hot spot as it moved northward and eventually terminated in 

the Deccan Steps. The fast moving Indian plate and its hot spot roller were stopped by the Laurasian 

super-continent; but not until the materials that were pushed ahead became wedged under the 

Laurasian continent to produce the very young and striking Himalayan Mountains. 

IX. Continental Drift  
! ƭƻƻǎŜ ŜƴŘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ǘǊŀǇǇŜŘ volatiles and ices needs to be addressed. The aforementioned reason 

ŦƻǊ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǇŜǊ-ŎƻƴǘƛƴŜƴǘǎ ŀƴŘ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎ ǿŀǎ ǘƘŜ 9ŀǊǘƘΩǎ LƳǇŀŎǘƻǊ ǇŜƴŜǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎǊǳǎǘ 

and mantle to create mantle material oozing from the smashed opening to displace or cover the 

surrounding oceanic crust. Then the dynamics of the spinning Earth sought a new equilibrium by 

breaking apart, spreading and balancing the weight of the super-continent resting on top of the existing 

oceanic crust or floating on top of the mantle. 
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But why did this super-continent after breaking apart come back together again to create a new super-

continent? In fact there is evidence through ancient orogenies and frozen directional magnetic data in 

different aged rocks that this breaking apart and coming back together happened numerous times. It is 

estimated that the oceanic crusts were re-created 20 times through continuing subduction processes 

and continental drift.g Pangaea, the last and best known super-continent, is still in the process of coming 

apart via the mid-Atlantic Ocean ridge and other minor rift regions throughout the globe.h 

A question becomes apparent. If the Earth is seeking equilibrium, why is it continuing to reverse 

direction to seek this balance numerous times in its history? Whȅ ŘƻŜǎ ƴƻǘ ǘƘŜ 9ŀǊǘƘΩǎ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎ 

process find an equilibrium point and eventually come to rest? In the engineering world of controls, the 

ǇǊƻŎŜǎǎ ƛǎ ƪƴƻǿƴ ŀǎ άƘǳƴǘƛƴƎέΦ The process keeps over-compensating and changing direction to find 

equilibrium. Whȅ ƛǎ ǘƘŜ 9ŀǊǘƘΩǎ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎ ƻǾŜǊ-compensating and constantly seeking a new setting? 

tƭŀƴŜǘŀǊȅ ǎŎƛŜƴŎŜΩǎ ŀƴǎǿŜǊ ƛǎ ǘƘŀǘ ǘƘŜ ŎƻƴǾŜŎǘƛǾŜ ƳŀƴǘƭŜ ƛǎ ǎǳǇǇƭƛŜŘ ōȅ ǘƘŜ ƘŜŀǘ ŜƴŜǊƎȅ ƻŦ ǘƘŜ ƛƴƴŜǊ 

ƳŀƴǘƭŜΩǎ ŀƴŘ ŎƻǊŜΩǎ ǊŀŘƛƻŀŎǘƛǾŜ ŘŜŎŀȅΦ This energy is dissipated through the action of plate tectonics on 

ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ƴƻǊƳŀƭ ǊŀŘƛŀǘƛƻƴ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ƛƴǘƻ ƛƴǘŜǊǇƭŀƴŜǘŀǊȅ ǎǇŀŎŜΦ Current 

scientific thinking establishes that there is no good reason for these denser, raised, granitic continental 

plates to seek a globally balanced condition. 

A good critic should stand back farther and look at the whole picture. There are possible mechanisms 

ǘƘŀǘ ŎƻǳƭŘ ŎŀǳǎŜ ǘƘŜ 9ŀǊǘƘΩǎ ǇƭŀǘŜ ǘŜŎǘƻƴƛŎǎ ǘƻ Ŏƻƴǘƛƴǳƻǳǎƭȅ άƘǳƴǘέ ŦƻǊ ŀ ōŀƭŀƴŎŜŘ ŎƻƴŘƛǘƛƻƴΦ Some of 

these mechanisms occur in combination over random periods of time that can be measured in millions 

of years. Their added affects could possibly cause reversals in the motion of plate tectonics. And once 

the direction of motion is changed or reversed it is difficult to change again until it comes against 

something to stop that motion. That stoppage is the coming together of the continents again. The 

breakup of the next supercontinent starts because the balancing process has over-compensated once 

again. 

X. The Unending Plate Tectonics  
! ƭƛǎǘƛƴƎ ƻŦ ǘƘŜǎŜ ƳŜŎƘŀƴƛǎƳǎ ǘƻ ŎǊŜŀǘŜ Ŏƻƴǘƛƴǳŀƭ άƘǳƴǘƛƴƎέ ŦƻƭƭƻǿǎΥ 

1. The combination of tidal acceleration forces of the Sun and Moon could be main contributors. 

5ǳŜ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ǘƛŘŀƭ ŦƻǊŎŜǎ ƻƴ ǘƘŜ aƻƻƴ ǎƭƻǿƛƴƎ ƛǘǎ Ǌƻǘŀǘƛƻƴ caused one side of the Moon to 

face Earth.  Due to tidal forces on Earth, the Moon recedes from the Earth ŀǎ ǘƘŜ 9ŀǊǘƘΩǎ 

rotational period increases to preserve the conservation of angular momentum. Over long 

ǇŜǊƛƻŘǎ ƻŦ ǘƛƳŜΣ ŎƘŀƴƎƛƴƎ ŦƻǊŎŜǎ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ǾŀǊƛƻǳǎ plates are created by the Moon 

changing its distance and by the Earth changing its rotational period. 

 

The creation of the synchronized orbits of the Moon and Earth must account for the Moon 

originally being substantially closer to Earth in the beginning of their marriage. The early, larger 

ǘƛŘŀƭ ŦƻǊŎŜǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜŘ άƘǳƴǘƛƴƎέ by producing higher amplitudes and frequencies 

of tidal acceleration ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ  
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2. The Earth could have suffered other major impacts but not as all-encompassing as the first 

ƳŀƧƻǊ ƛƳǇŀŎǘ ǘƘŀǘ ŎƘŀƴƎŜŘ 9ŀǊǘƘΩǎ ƻǊōƛǘ ŀƴŘ ŎǊŜŀǘŜŘ ǘƘŜ ŦƛǊǎǘ ǎǳǇŜǊ-continent. But these sub-

ƳŀƧƻǊ ƛƳǇŀŎǘǎ ŎƻǳƭŘ ƘŀǾŜ ƛƴŦƭǳŜƴŎŜŘ ǘƘŜ Ƴŀǎǎ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƻǳǘŜǊ ƳŀƴǘƭŜΣ 

ǘƘŜ 9ŀǊǘƘΩǎ ǘƛƭǘΣ ǘƘŜ 9ŀǊǘƘΩǎ ǿƻōōƭŜΣ ŀƴŘ ǘƘŜ 9ŀǊǘƘΩs rotational speed. Any series or combination 

of these events can have major influences on re-setting the equilibrium and changing the 

tectonic plate directional characteristics. 

 

3. Other influences could have been rogue bodies traveling inside the inner solar system that 

closely approached the Earth but did not impact its surface. Their gravitational and magnetic 

ŦƻǊŎŜǎ ŎƻǳƭŘ ƘŀǾŜ ƛƴŦƭǳŜƴŎŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ǘƛƭǘΣ ǘƘŜ 9ŀǊǘƘΩǎ ǿƻōōƭŜΣ ŀƴŘ Ǉƻǎǎƛōƭȅ ǎƘƛŦǘŜŘ ǘƘŜ 

ƭƛǘƘƻǎǇƘŜǊŜ ŀƴŘκƻǊ ƳŀƴǘƭŜ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ŎƻǊŜΩǎ ƭƛquid surface. This event would have 

ǎƘƛŦǘŜŘ ǘƘŜ Ǉƻǎƛǘƛƻƴ ƻŦ ƻōƭŀǘŜƴŜǎǎ όмо ƳƛƭŜǎ ŘƛŦŦŜǊŜƴŎŜ ƻƴ ǊŀŘƛǳǎύ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ƎƭƻōŜ ǿƛǘƘ 

ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ǎǇƛƴ ŀȄƛǎ ŀƴŘ ŘŜŦƛƴƛǘŜƭȅ ŎǊŜŀǘŜŘ ŀƴ ǳǇƘŜŀǾŀƭ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ǇƭŀǘŜǎ 

because of the resulting elevation changes. There is some good evidence that such an event of 

this mantle shifting occurred about 11,500 years ago that ended the last period of glaciation and 

caused the Great Deluge catastrophe of numerous legends ς also called the post-Younger- Dryas 

Period. 

The magnetic poles are displaced about 10 degrees from the spin axis poles. These magnetic 

poles are currently being measured to be returning toward the direction of the spin axis.i The 

spinning inner core with respect to the outer liquid core more than likely provides the major 

input of magnetic properties to the Earth. If the mantle shifted with respect to the core, its 

induced and/or frozen magnetic properties would be retained, but slowly re-align themselves 

with the current spin axis or parent magnetic source over time. I will provide more details about 

this very plausible event elsewhere. Nevertheless, here is another mechanism for the 

continuance of changes in the plate tectonic process and the drifting of continental crusts. 

The continual but generally small migration of hot spots with their lighter materials can cause mass 

distribution changes in the lithosphere and upper mantle regions. Other mass re-distributions are 

ŎŀǳǎŜŘ ōȅ ǘƘŜ ǇƭŀƴŜǘΩǎ ǇƭŀǘŜǎ ŎƻƭƭƛŘƛƴƎ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ǘƻ ƎŜƴŜǊŀǘŜ Ƴƻǳƴǘŀƛƴ building. The two building 

processes are subduction between the ocean and continental plates and by accretion of wedges 

between two continental plates. Other small changes are caused by mass wasting, the tearing down of 

these mountains, with resulting changes in elevation of the floating plates due to isostasy. The mass 

distribution of the various plates continually changes both laterally and vertically as plate tectonics is 

trying to seek final equilibrium. Similar to difficult cases in engineering controls, ǘƘŜ 9ŀǊǘƘΩǎ ǇƭŀǘŜ 

tectonic process of finding surface Ƴŀǎǎ ŜǉǳƛƭƛōǊƛǳƳ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ Ƙŀǎ ƛǘǎ ƻǿƴ ǳƴŜƴŘƛƴƎ ƻǊ 

άƘǳƴǘƛƴƎέ ŘƛŦŦƛŎǳƭǘƛŜǎΦ  
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XI. Coriolis Effect on the Continents j 
Finally, many scientists cannot sense how the very thin planetary crust with its irregularities can cause 

major movement of the continents and surface plates by an imbalanced condition. The crust represents 

ƻƴƭȅ ŀ ǘƛƴȅ ŦǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ Ƴŀǎǎ ŀƴŘ ƻŦ 9ŀǊǘƘΩǎ ǊŀŘƛǳǎΦ To their way of thinking it has no dynamical 

properties. They still want to depend solely on the convective mantle to cause movement of the plates 

on a continual and random basis. The movement of the plates certainly does involve a convective 

mantel but is driven more by the Coriolis forces setup by the spinning Earth. These are the same forces 

that create the weather patterns or cells at different latitudes and at opposite sides of the equator. 

In Quito, Ecuador, on the equator line it is demonstrated to tourists how this Coriolis force acts. The 

demonstrator fills a sink with water and moves it about 12 feet on one side of the equator line; as the 

sink drains some floating leaves indicate the direction of the final vortex of draining fluid. Then the 

tourist guide performs the same experiment 12 feet on the opposite side of the equator line. The vortex 

spins in the opposite direction. On the northern side of the equator line it can easily be noticed that the 

leaves spin a little faster near the end of draining. The amazing reason is that the northern latitudes 

have larger and more massive continents creating a noticeably bigger Coriolis affect only 12 feet from 

the equator. 

This experiment in Quito is testament to how powerful the Coriolis affect is when applied to an entire 

continental land mass. Once movement of a super-continent or plate is started the resulting momentum 

powers the initial direction of movement. It is like a large, weighted raft floating on thick honey and 

being moved laterally and also spun by a continuously changing wind. 

The Coriolis affect creates the random spinning motion of weather cells of similar sizes because the 

gaseous atmosphere is easily sheared; this shearing cannot happen with hardened, rocky plates and 

dense, granitic continents. The whole continent must move together until a crack or rift is created 

where shearing or shoving can then very slowly begin between the two resulting plates. These powerful 

Coriolis forces are relentless and will only stop if the Earth stops spinning. 

¢ƘŜ Ƴƻǎǘ ǇǊƻōŀōƭŜ ōŀƭŀƴŎƛƴƎ ƻŦ ǘƘŜ ŎƻƴǘƛƴŜƴǘǎ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ surface would be a fairly equal distribution 

of the continents both in longitude and latitude on both sides of the equator. Also, the continents would 

have to be broken in smaller pieces to represent something similar to very large weather cells. Then 

most subduction processes, mountain building, expanding rifts, and plate tectonics would end. 

But this static condition is very unlikely and definitely will not occur in human history. A more likely 

static condition of the surface plates will occur when planet Earth runs down on heat generated by 

radioactive decay and residual heat from its formation. Then the mantle loses its convection and fluid 

characteristics. In the analogy of the floating raft, the honey will dry out and become as hard as rock. 

Like the rŀŦǘ ǘƘŜ ŎƻƴǘƛƴŜƴǘǎ ǿƛƭƭ ǘƘŜƴ ōŜ ǎǘǳŎƪ ƛƴ ǇƭŀŎŜ ŦƻǊ ǘƘŜ ǊŜƳŀƛƴŘŜǊ ƻŦ ǘƘŜ ǇƭŀƴŜǘΩǎ ƭƛŦŜΦ 
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XII. 3ÏÕÒÃÅ ÏÆ ÔÈÅ %ÁÒÔÈȭÓ 6ÏÌÁÔÉÌÅ -ÁÔÅÒÉÁÌÓ 
Planetary scientists have another aggravating problem of reasoning where Earth obtained all its water 

and atmosphere. All of the volatiles for the terrestrial planets should have boiled away since they were 

so close to the hotter regions of the proto-star disk and the source of the T-Tauri solar winds when the 

star begins to fuse hydrogen. This seems to have occurred on Mercury, the Moon, and to some lesser 

degree on Venus and Mars that only have CO2atmospheres and little water. The large amount of water 

and nitrogen gas found in the early atmosphere on Earth are a mystery that hopefully can be resolved 

by the subsequent collisions of comets that delivered these lighter volatiles after the Sun cooled down.   

However, the most recent data of cometary probes reveals that comet composition is as dry as a bone.  

The coma and tail of comets is not water but charged dust particles that are emitted by jets of charged 

particles. This idea of comets bringing water to planet Earth has serious doubts if not already totally 

refuted.  ¢ƘŜ άŘƛǊǘȅ ǎƴƻǿōŀƭƭέ ŎƻƳŜǘ Ƙŀǎ ōŜŜƴ ǎǳǇǇƭŀƴǘŜŘ ōȅ ǘƘŜ άŜƭŜŎǘǊƛŎ ŎƻƳŜǘέ ǘƘŀǘ ŜƳƛǘǎ ŎƘŀǊƎŜŘ 

particles especially when it comes closer to the electrical field of the Sun. 

The accretion mechanism that supposedly created the inner rocky planets of the solar system would not 

allow the build-up of volatiles; the majority of volatile materials would be driven-off before having a 

chance to be trapped inside the forming molten silicates of any mantle. There is a better chance for the 

newly forming Earth to gather ices and gases from the proto-star disk if it resided in the neighborhood 

of the Main Belt of the asteroids which is about 2.7 AU, almost 3 times farther than where the Earth is 

now. The original differentiation process would bring the volatiles to the surface where they would 

remain as gases. As the surface crust begins to cool and solidify the increasingly thicker atmosphere 

ǎƘƛŜƭŘǎ ǘƘŜ {ǳƴΩǎ Ǌŀȅǎ ŀƭƭƻǿƛƴƎ ǿŀǘŜǊ ǘƻ ŎƻƴŘŜƴǎŜ ŀƴŘ ŦƻǊƳ ǘƘŜ ƻŎŜŀƴǎ ŀƴŘ ǿŜŀǘƘŜǊ ǇŀǘǘŜǊƴǎ ƻƴ ǘƘŜ 

surface. The convection process of water vapor and liquid water will also accelerate the transfer of heat 

ŦǊƻƳ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƘŜƭǇƛƴƎ ǘƻ ŎǊŜŀǘŜ ŀƴ early, hardened crust. 

When the Impactor, composed mostly of ices, struck Earth orbiting in the Asteroid Belt, it brought more 

volatiles such as water, carbon dioxide, methane, and ammonia to this planet. Much of these volatiles 

would become trapped inside the molten mantle to later be added to the atmosphere through 

secondary differentiation and volcanism. ¢Ƙƛǎ ƴŜǿ Ŏƻƭƭƛǎƛƻƴ ƳƻŘŜƭ ǇǊƻǾƛŘŜǎ ƳƻǊŜ ǾƻƭŀǘƛƭŜǎ ŦǊƻƳ 9ŀǊǘƘΩǎ 

original cooler position in the proto-star disk and adds more volatiles from its Impactor. The new orbital 

region, where the Earth was re-located 600 million years after the birth of the star was much cooler and 

ŎƻǳƭŘ ǘƘŜƴ ǎǳǎǘŀƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜΦ No mechanism such as comets raining down on Earth to 

provide its water and other major gases of N2 and O2 are required, although comet strikes are not ruled 

out. 

To further collaborate this concept that the Earth did not receive its majority of water from comets was 

verified after a space probe acquired materials from a comet and brought them back to Earth. The 

isotope ratio of water in the comets did not match the isotope ratio of water found on Earth seriously 

ǉǳŜǎǘƛƻƴƛƴƎ ǘƘŀǘ ŎƻƳŜǘǎ ŎƻǳƭŘ ōŜ ǘƘŜ ǇǊƛƳŀǊȅ ǎƻǳǊŎŜ ƻŦ 9ŀǊǘƘΩǎ ǿŀǘŜǊΦ k  However, the death of the 

άŘƛǊǘȅ ǎƴƻǿōŀƭƭέ ŎƻƳŜǘ ƻŎŎǳǊǊŜŘ ŀŦǘŜr the newest space probes to nearby comets revealed extremely 

dry conditions with little water and other lighter volatiles.  Lighter volatiles can only come from original 

ǎƻǳǊŎŜǎ ŦƻǊƳŜŘ ōŜȅƻƴŘ н ǘƻ о !¦Ωǎ ŦǊƻƳ ǘƘŜ {ǳƴΦ  9ŀǊǘƘ ǿƛǘƘ ƛǘǎ ƭƛƎƘǘŜǊ ǾƻƭŀǘƛƭŜǎ Ŏƻǳld only survive inside 
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н !¦Ωǎ ƛŦ ƛǘ ŀǊǊƛǾŜŘ ǿŜƭƭ ŀŦǘŜǊ ǘƘŜ ǎƻƭŀǊ ǎȅǎǘŜƳ ǿŀǎ ŦƻǊƳŜŘ Ǉŀǎǘ ǘƘŜ ¢-Tauri stage.  This new collision 

hypothesis provides the answer to why this rare solar system event of an inner planet like Earth rich in 

volatiles did occur. 

XIII.  Reasons for a Martian -Sized Rogue Planet or Impactor  
This unique collision hypothesis has some convincing threads of evidence that are all connected. But any 

respectable planetary scientist will argue as to where the rogue planet or planetary system with 

satellites came from. This basic gap in the hypothesis must be closed. Be reminded, the nebular 

hypothesis that tries to address the Earth-Moon system with its own Impactor has the same problem. 

¢ƘŜ ƴŜōǳƭŀǊ ǘƘŜƻǊƛǎǘǎΩ ŀƴǎǿŜǊ ƛǎ ǘƘŀǘ ǘƘƛǎ LƳǇŀŎǘƻǊ ǿŀǎ ǘƘŜ ƭŀǎǘ vestige of large objects coming together 

after the main accretion phase that formed each planet. There is no computer model for this answer if 

the program starts with the proto-star disk conditions or 600 million years after the birth of the solar 

system. There are two current academic ideas for the origin of a Martian-sized Impactor that hit Earth 

and formed the Moon via the accretion of its debris. One is the Nice Model and the other is the 

Lagrangian satellite collision. Neither model can be connected consistently with computerized 

simulations to the overall nebular hypothesis. These models have other issues, too. 

A. The Nice Model l  
The Nice Model reveals the weaknesses of the nebular hypothesis of solar system formation 

that are virtually impossible to address in any simple way. The Nice Model is a very recent 

computer simulation in 2010 that portrays the dynamical evolution of the early solar system by 

proposing the migration of the giant planets from an initial compact configuration into their 

present locations. This model attempts to explain the Late Heavy Bombardment of the inner 

solar system by combining the concept of the Oort cloud and the existence of populations of 

small solar system bodies found within the Kuiper belt. The Nice Model also attempts to explain 

the Neptune and Jupiter Trojans, and the resonant trans-Neptunian objects dominated by 

Neptune. 

The Late Heavy Bombardment (LHB) using the Nice Model as its reason has difficulties re-

producing a Martian size body that could be perturbed toward the inner solar system and 

provide the Impactor for Earth during that period when the solar system was about 600 million 

years old. 

The Nice model also tries to patch a basic crack in the nebular hypothesis. How did Neptune 

form on the frozen edge of the solar system at 30 AU? Why was there so much material at this 

distance and what energy source created its rocky core? A typical proto-star disk dissipates in 

much less time than it would take materials at this orbital distance to accrete into a giant planet. 

Uranus at about 20 AU has the same issues. 

The Nice model is very creative and intriguing, but presently is not favored by all planetary 

scientists. Among its numerous problems are:  
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1. No indication of how all the outer-system satellites and Kuiper belt objects are 

produced; 

2. No modeling from the nebular hypothesis that gives a compact configuration of the 

outer planets being between 5.5 and 17 AU; 

3. No supporting reasons for its initial configuration requiring a planetisimal disk totaling 

about 35 Earth masses and ranging from 20 to 35 AU from the Sun including 

observational data for proto-star disks; 

4. Difficulties with about 50 % of the models having Neptune and Uranus exchanging orbits 

and weakening the concept; orbital crossings of planets of this size are highly unstable 

with perturbations creating  longer elliptical orbits; these perturbations increase the 

number of orbital crossings that keep increasing instability and the chances for removal 

from the solar system; 

5. The Nice model does well in creating Main Belt asteroids and the Trojan asteroids at the 

Lagrange points of Jupiter and Neptune, but cannot explain their typical composition of 

heavier metals and minerals requiring very high temperatures;, and their consistent 

collisional characteristics. 

In sumƳŀǊȅΣ ǘƘŜ bƛŎŜ aƻŘŜƭ ǾŜǊȅ ŎǊŜŀǘƛǾŜƭȅ ǊŜǇǊƻŘǳŎŜǎ Ƴŀƴȅ ƻŦ ǘƘŜ ǎƻƭŀǊ ǎȅǎǘŜƳΩǎ ŎǳǊǊŜƴǘ 

conditions, if one can believe the initial conditions that were used. The initial conditions were 

merely chosen to try to match the present conditions after running the fastest numerical 

modeling hardware and software. It is questionable that these initial conditions match any 

points in the evolution of the solar system using the nebular hypothesis. The model reproduced 

planetisimals for the Late Heavy Bombardment, but not the required Martian-sized Impactor. 

B. 4ÒÏÊÁÎ 3ÁÔÅÌÌÉÔÅ ÁÔ %ÁÒÔÈȭÓ ,ÁÇÒÁÎÇÉÁÎ 0ÏÉÎÔm 
Another very recent concept which surfaced about 2010 is a Trojan-type satellite that 

accompanied early Earth at its L4 or L5 Lagrangian point. This massive satellite was eventually 

perturbed by the other planets and moved toward Earth and collided creating the same 

Martian-size collision scenario with Earth. The idea has two basic problems: 

1. The collision should have occurred during the late heavy bombardment (LHB) period 

600 million years after the birth of the solar system. This satellite of such large mass 

would have been perturbed from its L4 or L5 point long before this time. For these 

Lagrangian points to be gravitational strong enough to collect such a massive object, the 

Earth should have already been formed including tƘŜ ǎǳōƧŜŎǘ ǎŀǘŜƭƭƛǘŜ ŀƴŘ άǿŀƴƴŀōŜέ 

Impactor. But, if the satellite was already formed then its mass would be too large to be 

corralled at these Lagrangian points. Evidence at the outer planetǎΩ Lagrangian points 

reveal that only smaller planetisimals-sized objects are captured and maintained in 

these zones. Larger bodies would be too easily perturbed by neighboring planets. 

2. If two such bodies of Earth and Martian-size did reside in the same orbit, the possibility 

of their collision is remote. Most likely, they would form a synchronized orbit similar to 

the Earth-Moon system. In fact, this is exactly what the new collision model is 

suggesting. ¢ƘŜ 9ŀǊǘƘ ƛǎ ƪƴƻŎƪŜŘ ƛƴǘƻ ǘƘŜ aƻƻƴΩǎ ŜȄƛǎǘƛƴƎ ƻǊōƛǘ ŀƴŘ ōŜƎƛƴǎ ǘƻ 
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synchronize with the Moon as they pass each other periodically. I will quote a paragraph 

from WikipediaΩǎ ǘƻǇƛŎΣ- Lagrangian Point, which reveals the mechanism for the Earth 

and Moon becoming a synchronized unit:  ά¢ƘŜ 9ŀǊǘƘΩǎ ŎƻƳǇŀƴƛƻƴ ƻōƧŜŎǘ отро /ǊǳƛǘƘƴŜ 

is in a relationship with the Earth which is somewhat Trojan-like, but different from the 

true Trojan. This asteroid occupies one of two regular solar orbits, one of them slightly 

ǎƳŀƭƭŜǊ ŀƴŘ ŦŀǎǘŜǊ ǘƘŀƴ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊōƛǘΣ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ǎƭƛƎƘǘƭȅ ƭŀǊƎŜǊ ŀƴd slower. The 

asteroid is in the smaller, faster orbit; and as Earth approaches, it gains orbital energy 

from the Earth, and moves up into a larger, slower orbit. It then falls farther and farther 

behind the Earth, and eventually Earth approaches it from the other direction. Then the 

asteroid gives up orbital energy to the Earth, and drops back into the smaller orbit, thus 

beginning the cycle anew. The cycle has no noticeable impact on the length of the year, 

ōŜŎŀǳǎŜ 9ŀǊǘƘΩǎ Ƴŀǎǎ ƛǎ ƻǾŜǊ нл ōƛƭƭƛƻƴ όн Ȅ мл10ύ ǘƛƳŜǎ ƳƻǊŜ ǘƘŀƴ отро /ǊǳƛǘƘƴŜΦέ m 

bŜƛǘƘŜǊ ǘƘŜ bƛŎŜ ƳƻŘŜƭ ƴƻǊ 9ŀǊǘƘΩǎ ¢ǊƻƧŀƴ ǎŀǘŜƭƭƛǘŜ ǎǳŦŦƛŎƛŜƴǘƭȅ ŀŘŘǊŜǎǎ ǘƘŜ ǎƻǳǊŎŜ ƻŦ ŀ aŀǊǘƛŀƴ-

size body that collided and re-ƭƻŎŀǘŜŘ 9ŀǊǘƘΩǎ ƻǊōƛǘΦ This treatise does explain and provide 

evidence for the source of this ubiquitous Martian-size object. The source is postulated to be 

ŎŀǇǘǳǊŜŘ ōȅ ǘƘŜ {ǳƴΩǎ ǎƻƭŀǊ ǎȅǎǘŜƳ ƴŜŀǊ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ƛǘǎ ōƛǊǘƘ ŦǊƻƳ ƛƴǘŜǊǎǘŜƭƭŀǊ ǎǇŀŎŜΦ ¢Ƙƛǎ 

new explanation is a huge break from current academic thinking and will require a new 

hypothesis about star system formation to be presented later in these journals. 

XIV. Other Origin Models for the Moon n 
Four major categories of origin models exist: the binary model, fission model, collision model, and 

capture model. The collision model is currently favored although research from NASA leans heavily 

toward a special brand of the capture model. The new collision model favored by this paper actually 

incorporates a capture model since the falling Earth after being struck increases orbital velocity near the 

orbit of an existing planet, we now call our Moon. Their capture mode allowed for a slow transfer of 

energy so that a common synchronization occurred.  The collision /capture model of this paper has not 

yet been considered by NASA. 

A. Binary Model  
The binary model is simply the same process that created the regular satellites of the other 

planets: Jupiter, Saturn, and Uranus. This process is what would be expected in the standard 

solar system formation with the Moon forming as ǇŀǊǘ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƴŜōǳƭŀǊ ŦƻǊƳŀǘƛƻƴΦ The 

situation of the Earth-Moon system is generally believed to be unique, thereby causing the 

development of the other three basic lunar origin models. The satellites of Earth, Mars, and 

Neptune are not considered regular due to the nature of their unusual orbital 

inclinations/distances, large mass ratios, and the irregular shapes for the Martian satellites. 
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B. Fission Model  
¢ƘŜ Ŧƛǎǎƛƻƴ ƳƻŘŜƭ ǿŀǎ ŦƻǊƳŜŘ ōȅ ǘƘŜ ǇŀǊǘƛŀƭ ǎŜǇŀǊŀǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘΣ ǎǇŜŎƛŦƛŎŀƭƭȅ ǘƘŜ 

Pacific Ocean. At the time of its acceptance during the Apollo era in 1969 the model of plate 

tectonics and mid ocean ridges was still a hypothesis. A rapidly spinning viscous body that is 

required was discovered not to be dynamically possible, and its speed of 2.5 hours per 

revolution could not possibly slow to a 24 hour day in 4 billion years. 

C. Currently Accepted Collision Model  
The current collision model of the 1980s had the main objective of explaining the similarity in 

ǘƘŜ ŘŜƴǎƛǘȅ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ŀƴŘ ǘƘŜ aƻƻƴΩǎ ŘŜƴǎƛǘȅΦ Their common origin could also 

explain their similarity in oxygen isotopes found in their crusts. A strong selling point of this 

model is that a computer simulation of a proto-moon impact into the Earth produced a 

desirable outcome of an accreted Moon. However, this simulation required a rapid spin rate of 

the Earth in order to achieve adequate angular momentum for the orbiting Moon. This rapid 

spin rate has the same problems as were mentioned for the fission model. Another problem 

with this model is that the Moon rocks did not show signs of vaporization in its chemistry. 

Vaporization of materials in such a collision is expected, but no lunar material had been 

subjected to temperatures in excess of 12000 K. 

Thus far the Moon lacks water bearing minerals which contradicts the common origin idea, since 

Earth has an aqueous nature. Later Moon landings and probes have revealed that water exists 

on the Moon; however, it is believed to be just a surface dusting. A major dichotomy develops 

with these facts. On one hand, the similar densities and oxygen isotopes beg for a common 

source; and, on the other hand, the aqueous Earth minerals verses the very dry Moon beg for 

different places of origin. The collision hypothesis of this paper answers this dichotomy. Oxygen 

for both bodies can come from the same cloud in similar times. Differentiated water was not 

driven off by the heat of the proto-star because Earth originally resided in a farther, cooler orbit 

between Mars and Jupiter. More water was then added to Earth by the cold, ices of its major 

Impactor coming from the outer reaches of the solar system. A dusting of the water mineral on 

aƻƻƴΩǎ ǎǳǊŦŀŎŜ ƛǎ ǇƻǎǎƛōƭŜ ŘǳŜ ǘƻ ǎƻƳŜ ŀǉǳŜƻǳǎ ƳƛƴŜǊŀƭǎ ōŜƛƴƎ ǇŀǊǘ ƻŦ ǘƘŜ Ŏƻƭƭƛǎƛƻƴŀƭ ŘŜōǊƛǎ 

that followed EarǘƘ ŀƴŘ ǿŀǎ ǎǿŜǇǘ ōȅ ǘƘŜ aƻƻƴ ŀŦǘŜǊ 9ŀǊǘƘ ǎǘŀǊǘŜŘ ǎƘŀǊƛƴƎ aƻƻƴΩǎ ƻǊōƛǘΦ 

D. Capture Model  
The capture model has the Earth and Moon forming as totally independent bodies, sharing only 

a gravitational bond. ¢ƘŜ aƻƻƴΩǎ ǳƴǳǎǳŀƭƭȅ ƭŀǊƎŜ ǎƛȊŜΣ ƛǘǎ ƴƻƴ-equatorial orbits, its 

comparatively larger orbital distance, and its tidally locked orientation all suggest a possible 

capture origin. ¢Ƙƛǎ ŎŀǇǘǳǊŜ ƳƻŘŜƭ ƛǎ b!{!Ωǎ ŦŀǾƻǊƛǘŜ ǎǘƻǊȅƭƛƴŜ ƛƴ ǘƘŜƛǊ 9Ǿƻƭǳǘƛƻƴ ƻŦ ǘƘŜ {ƻƭŀǊ 

System.o The model fell from favor about 1984. The greatest difficulty is the dynamics of the 

capture event itself. 

ά¢Ƙƛǎ ŜǾŜƴǘ ƛǎ ǘȅǇƛŎŀƭƭȅ ƛƳŀƎƛƴŜŘ ŀǎ ŀ ŦǊŜŜƭȅ ƳƻǾƛƴƎ aƻƻƴ ƴŜŀǊƛƴƎ ǘƘŜ 9ŀǊǘƘ ŀƴŘ ǘƘŜ ƎǊŀǾƛǘŀǘƛƻƴŀƭ 

power of the Earth literally slowing the Moon to the point that it becomes permanently 

άŎŀǇǘǳǊŜŘέ into a geocentric or Earth centered orbit. The difficulty with this proposition is 
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primarily the relative size of the Moon compared with the Earth. The kinetic energy of the Moon 

which would be required to be dissipated in order to facilitate a captured Moon is immense. It is 

felt that the capture event window would be too brief to allow this amount of energy to be 

ŘƛǎǎƛǇŀǘŜŘ ŦǊƻƳ ǘƘŜ ƭǳƴŀǊ ƳƻǘƛƻƴΦέ n (http://lunaror igin.com/lunar-origin-models by Powell) 

A possible solution to the slowing problem is the gas drag modelp. This model utilized a 

combination of unusually dense gas and a considerable number of sizable planetisimals.  A 

denser hydrogen gas was first used because gaseous disks of gas were discovered by telescopes 

around some T-Tauri stars. The sizable planetisimals were chosen to simulate what is currently 

known about the minor planets and other planetisimals in the Kuiper Belt. The conditions in the 

Kuiper Belt were felt to comprise other regions of the early solar system. Clumping was 

observed better without the dense gas for a computer run of 1000 years. 

When the gas drag model was added to the dissipation slowing process, capture was still found 

to be too energetic for the Earth-Moon system. The new collision hypothesis of this paper also 

requires a capture mechanism. The falling Earth after being ejected from its original orbit gained 

ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƴŜŀǊ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǊŜƎƛƻƴ ŀƴŘ ǿŀǎ ŎŀǇǘǳǊŜŘ by its close encounter with a 

body of similar orbital characteristics.  Then their orbital velocities and shapes became 

synchronized over some period of time that did not require a fast slow-down.  

The orbital velocities and elliptical paths did not match, but were close enough for gravitational 

forces to interact. Over a definite period of time of the Earth passing the slower Moon each 

orbit an impulse momentum exchange from the interacting gravity forces was created.  This 

momentum exchange caused the EarthΩǎ Ǿelocity to decrease incrementally and lessen the 

elliptical shape of its orbit. The passing Earth eventually matched ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΦ The Earth 

indeed had plenty of time for transferring kinetic energy and angular momentum between itself 

and the Moon. The process took a certain determined amount of orbits to achieve 

synchronization of orbital velocity since the two bodies remained much closer to each other 

than today. ¢Ƙƛǎ ƴŜǿ ŎŀǇǘǳǊŜ ƳƻŘŜƭ ŀƭǎƻ ŀŘŘǊŜǎǎŜǎ ǘƘŜ ƴŀǘǳǊŜ ƻŦ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǇƭŀƴŜ ƴƻǘ 

matching thaǘ ƻŦ 9ŀǊǘƘΩǎ ŜǉǳŀǘƻǊƛŀƭ ǇƭŀƴŜΦ There is no need for them to match since these bodies 

were not created from the same vortex in the nebular disk region or from any secondary 

accreting disk. 

¢ƘŜ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘ ŀƴŘ aƻƻƴ ƻǊōƛǘǎ ǿƘŜǊŜ ǘƘŜ aƻƻƴΩǎ ƻǊbit moves in a wavelike 

fashion using the Earth as a focal point of each wave is ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ 9ŀǊǘƘΩǎ ¢ǊƻƧŀƴ ŀǎǘŜǊƻƛŘ 

3753 Cruithne.  3753 Cruithne is synchronized by exchanging a slower outer orbit with a faster 

inner orbit each time the faster Earth passes.  The difference between the Moon and 3753 

Cruithne is their masses.  The gravitational pull between the Earth and Cruithne does certainly 

exchange kinetic energy, but not enough to align the two bodies to achieve similar orbital 

velocities over time like what happened to the Moon and Earth. 

http://lunarorigin.com/lunar-origin-models
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XV. .!3!ȭÓ Origin and Evolution of the Earth -Moon System 
b!{!Ωǎ ŀǊǘƛŎƭŜΥ ά{t-опр 9Ǿƻƭǳǘƛƻƴ ƻŦ ǘƘŜ {ƻƭŀǊ {ȅǎǘŜƳέΤ ŎƘŀǇǘŜǊ нп, Origin and Evolution of the Earth-

Moon System o , makes some very interesting points that actually corroborate the new collision 

hypothesis of this paper. These points are expressed as 1) narrow limits of capture, 2) the accretion of 

existing satellites by the captured body, and 3) actual dating records of rocks providing the most direct 

information on time and type of Earth-Moon encounter. 

A. Capture within Narrow Limits  
ά/ŀǇǘǳǊŜ ǊŜǉǳƛǊŜǎ ǘƘŀǘ ǘƘŜ ōƻŘȅ ŀǇǇǊƻŀŎƘ ǘƘŜ ǇƭŀƴŜǘ ƛƴ ŀƴ ƻǊōƛǘ ǿƛǘƘ ǇŀǊŀƳŜǘŜǊǎ ǿƛǘƘƛƴ ǊŀǘƘŜǊ 

narrow limits. Thus if a body approaches a planet in a random orbit, the chance that the 

approach will immediately lead to capture is very small. The most likely result of the encounter 

is that the body will leave the region of the planet with its orbit more or less changed. It is 

probably this fact which is behind objections to the capture ǘƘŜƻǊȅΦέ o 

From the laws of Kepler, it is known that a body leaving the neighborhood of a planet after a 

close encounter will move in an ellipse bringing it back to the vicinity of the orbit of the planet, 

once or twice for every revolution. NASA in attempting to save their capture model claims a 

ǎǳōǎŜǉǳŜƴǘ ŜƴŎƻǳƴǘŜǊ ǿƛƭƭ ƻŎŎǳǊ ŀ άƘƻǊǊŜƴŘƻǳǎƭȅέ ƭŀǊƎŜ ƴǳƳōŜǊ ƻŦ ǘƛƳŜǎΣ ǘƘŜǊŜōȅ ƛƴŎǊŜŀǎƛƴƎ 

the probability of final capture to approach unity. NASA even cites a general theorem (with 

specific exceptions): άƛŦ ǘǿƻ ōƻŘƛŜǎ ƳƻǾŜ ƛƴ ŎǊƻǎǎƛƴƎ ƻǊōƛǘǎ ŀƴŘ ǘƘŜȅ ŀǊŜ ƴƻǘ ƛƴ ǊŜǎƻƴŀƴŎŜΣ ǘƘŜ 

ŜǾŜƴǘǳŀƭ ǊŜǎǳƭǘ ǿƛƭƭ ōŜ ŜƛǘƘŜǊ ŀ Ŏƻƭƭƛǎƛƻƴ ƻǊ ŀ ŎŀǇǘǳǊŜΦέ o There are indeed issues with this 

thinking. ¢ƘŜ άƘƻǊǊŜƴŘƻǳǎƭȅ ǇǊƻōŀōƭŜέ ŎŀǇǘǳǊŜ ƳƻŘŜ ƛƴ ŦŀŎǘ decreases its probability because 

the long elliptical trajectories of the already perturbed body become increasingly perturbed by 

the crossing of other orbital paths in the solar system. ¢ƘŜ άǎǇŜŎƛŦƛŎ ŜȄŎŜǇǘƛƻƴǎέ ŀƭƭǳŘŜŘ ǘƻ ŀǊŜ 

indeed this issue. After numerous elongated elliptical orbits the chances increase that the body 

will be perturbed by other planets and be ejected to infinity or outside the solar system. 

b!{!Ωǎ ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ŎŀǇǘǳǊŜ ƳƻŘŜƭ ŀŎŎŜǇǘǎ ǘƘŀǘ ǘƘŜ ŎŀǇǘǳǊŜŘ aƻƻƴ is both in a random 

orbit and does not possess resonance with the Earth. Lƴ ǘƘƛǎ ǇŀǇŜǊΩǎ ŎŀǇǘǳǊŜ ƳƻŘŜƭ ǘƘŜ ƻǊōƛǘ ƛǎ 

not random. 9ŀǊǘƘΩǎ ƻǊōƛǘ ƛǎ ƴŜŀǊƭȅ Ŏƻ-planar and almost parallel within a close encounter of an 

assumed 90,000 kilometers from the Moon. The nearly concentric orbits over a very large 

number of orbits can then produce the necessary synchronization for capture and the Moon 

orbiting the Earth. 

B. Accreting Existing Satellites  
The NASA article does make an excellent point that a close encounter of a large body can 

possibly accrete existing satellites that Earth may already possess. Two examples of this type of 

scenario are cited as Earth and Neptune. bŜǇǘǳƴŜΩǎ ǳƴǳǎǳŀƭ ǎŀǘŜƭƭƛǘŜΣ ¢ǊƛǘƻƴΣ Ƴŀȅ ƘŀǾŜ ōŜŜƴ 

captured and accreted other satellites that Neptune possessed. This accretion could have 

dissipated enough kinetic energy to allow its capture. This accretion scenario also gives reasons 

ŦƻǊ bŜǇǘǳƴŜΩǎ ƭŀŎƪ ƻŦ ǊŜƎǳƭŀǊ ǎŀǘŜƭƭƛǘŜǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ƻǘƘŜǊ ƻǳǘŜǊ Ǝƛŀƴǘ ǇƭŀƴŜǘǎΦ For the same 

reasons Earth lacks normal size satellites with normal orbits. This accretion model can be the 

ǊŜŀǎƻƴ ŦƻǊ aƻƻƴΩǎ ǎƭƻǿƛƴƎ ǾŜƭƻŎƛǘȅ ŦƻǊ ƛǘǎ ŎŀǇǘǳǊŜ ŀƴŘ ŦƻǊ ƭŀǊƎŜ ŎǊŀǘŜǊǎ ŀƴŘ ƳŀǊŜǎ ŦƛƭƭŜŘ ǿƛǘƘ 
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lava. This idea adds to the possibility of energy dissipation, but still requires something more 

than a random Moon orbit for celestial mechanics to perform its task. 

Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘƛǎ ǇŀǇŜǊΩǎ ƴŜǿ ŎŀǇǘǳǊŜ ƳƻŘŜƭΣ ǇƻǎǎƛōƭŜ ŜȄƛǎǘƛƴƎ ǎŀǘŜƭƭƛǘŜǎ ƻŦ 9ŀǊǘƘ Ŏŀƴ ǎǳǇǇƭȅ 

more Impactors for the Moon assuming that some of these satellites were carried along with 

9ŀǊǘƘ ŀǎ ƛǘ ŦŜƭƭ ƛƴǿŀǊŘ ǘƻǿŀǊŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΦ These satellites along with collisional debris 

would then eventually be swept into the Moon. The possibility exists that the Moon may also 

have had one or more existing satellites of its own. These satellites would eventually be 

perturbed to either be ejected from the system or collide with the Moon or Earth. This type of 

ǎŀǘŜƭƭƛǘŜ ŎƻǳƭŘ ǇǊƻǾƛŘŜ ǘƘŜ ǳƴǳǎǳŀƭ ƭŀǊƎŜ ŎǊŀǘŜǊ ŦƻǳƴŘ ƻƴ aƻƻƴΩǎ ŦŀŎŜ ŀǿŀȅ ŦǊƻƳ 9ŀǊǘƘ ǘƘŀǘ 

occurred much later than the LHB time period. 

C. Actual Dating Record  
Any possible scheme of a capture model for the Moon and Earth can be taken lightly unless it 

Ŏŀƴ ǇǊƻŘǳŎŜ ǊŜŀǎƻƴǎ ŦƻǊ ǘƘŜ ŀŎǘǳŀƭ ŘŀǘƛƴƎ ǊŜŎƻǊŘ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ǊƻŎƪǎΣ ƳŜǘŜƻǊƛǘŜǎΣ ǘƘŜ aƻƻƴΩǎ 

surface, and the incidence of meteorite impacts. Standard lunar history is based on Apollo 

ƭŀƴŘƛƴƎǎ ǘƘŀǘ ǊŜǾŜŀƭŜŘ ƛǎƻǘƻǇƛŎ ŘŀǘƛƴƎ ƻŦ ǘƘŜ aƻƻƴΩǎ ƘƛƎƘƭŀƴŘǎ ŀǘ оΦф ōƛƭƭƛƻƴ ȅŜŀǊǎ ŀƎƻ ǿƛǘƘ 

intense bombardment over the next 100 million years. The filling in and solidification of the 

mares occurred over the next several hundred million years. The formed mares were then 

evenly and lightly cratered from that time until the present. 

The oldest materials discovered in the solar system, 4.6 billion years old come from the 

radiometric dating of meteorites found on Earth which are thought to come from the break-up 

of asteroids. This is consistent with the ages of the oldest-known terrestrial and lunar samples. 

The oldest minerals analyzed to date on Earth are zircon crystals that are 4.4 billion years old. 

These oldest materials were part of the primordial soup or source material for the planets and 

satellites that were uniformly mixed within the original solar nebula. Hence, the birth of our star 

and its system including the Earth is indisputably given as 4.6 billion years.q 

A small listing of the most prominent evidence of this age is:  

1. Rocks returned from the Moon (4.4 to 4.5 by); 

2. Martian meteorites landed on Earth (4.5 by); 

3. The tracks of high energy cosmic ray particle impacts; 

4. Dating of the decay of the earliest terrestrial lead reservoirs (4.53 to 4.58 by); 

5. Helio-seismic methods for dating the Sun. q 

Any history of the early solar system must not only deal with its birth but with the Late Heavy 

Bombardment (LHB) period occurring 3.9 to 4.1 bya.  This LHB period is confirmed by crater 

counting that includes studies of their accretion through density distribution, size ranges, 

velocities of their impacts, overlapping, re-melting characteristics, and the related sizes of the 

impacted body. This crater counting is then compared to the age of melted materials on the 

Moon caused by this LHB or runaway accretion. Studies from space probes confirmed that this 

period of heavy bombardment occurred on the Moon, Mars, Mercury, and possibly the satellites 
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of Jupiter. It is assumed that the entire inner solar system was affected by this intense 

bombardment. .ƻǘƘ ǘƘŜ ǊŜŎŜƴǘ bƛŎŜ ¢ƘŜƻǊȅ ŀƴŘ ǘƘƛǎ ǇŀǇŜǊΩǎ ƴŜǿ Ŏƻƭƭƛǎƛƻƴ ƘȅǇƻǘƘŜǎƛǎ ŀǘǘŜƳǇǘ 

to address in different ways this unexpected chaos in the 600 million-year old solar system.  

The Apollo Mission also dated the mare formations at 3.2 to 3.8 bya. Science has produced no 

adequate theory for a heat source that could produce liquid mare flows for this long period of 

time. The Moon is considered too small to have retained its primordial heat of formation for 

much longer than a few 100 million years. The LHB period would certainly have heated the 

aƻƻƴΩǎ ǎǳǊŦŀŎŜ ǘƻ ǎǳōǎǘŀƴǘƛŀƭ ŘŜǇǘƘǎΣ ōǳǘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ŀƴŘ ǎƻƭƛŘƛŦƛŎŀǘƛƻƴ ǿƻǳƭŘ ƘŀǾŜ ƻŎŎǳǊǊŜŘ 

at a considerably shorter time than 600 million years. NASA research attempts to justify such a 

long term event by using a hypothesis that tidal heating caused this prolonged heating because 

ǘƘŜ aƻƻƴΩǎ ƻǊƛƎƛƴŀƭ ƻǊōƛǘŀƭ ŘƛǎǘŀƴŎŜ ǿŀǎ ƳǳŎƘ ŎƭƻǎŜǊ ǘƻ 9ŀǊǘƘΦ This proposition is also what 

ƘŀǇǇŜƴŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘƛǎ ǇŀǇŜǊΩǎ ƴŜǿ Ŏƻƭƭƛǎƛƻƴ ƘȅǇƻǘƘŜǎƛǎ, but for a very short period of time. 

¢ƘŜ 9ŀǊǘƘ ƪŜǇǘ ǇŀǎǎƛƴƎ ǘƘŜ aƻƻƴ ƻƴ ŜŀŎƘ ƻǊōƛǘ ǳƴǘƛƭ ǘƘŜ 9ŀǊǘƘ ǎƭƻǿŜŘ ǘƻ ƳŀǘŎƘ ǘƘŜ aƻƻƴΩǎ 

orbital velocity. The Earth and Moon could initially have been less than 90,000 kilometers apart 

ǿƘƛŎƘ ǿƻǳƭŘ ƘŀǾŜ ǇǊƻŘǳŎŜŘ ƛƳƳŜƴǎŜ ǘƛŘŀƭ ƘŜŀǘƛƴƎ ǘƘŀǘ ŎƻǳƭŘ ƘŀǾŜ ƳŀƛƴǘŀƛƴŜŘ ǘƘŜ aƻƻƴΩǎ 

mares in a semi-molten state. 

However, computations later in this paper indicate that this synchronization of orbital velocities 

occurred over a very short time of about 30,000 years.  The time for the Moon to then orbit the 

Earth and find a stable orbit at about 240,000 km was very brief.  Due to the current receding 

rate for the Moon the distance would have increased to about 270,000 km at 3.8 to 3.9 bya.  

This amount of distance would certainly cause greater tidal accelerations but not enough to 

maintain molten mares on the Moon. 

b!{!Ωǎ ŀǊǘƛŎƭŜǎ ǎǘŀǘŜ ǘƘŀǘ ŀ ƎƻƻŘ Ǉƻǎǎƛōƛƭƛǘȅ ŦƻǊ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ŜǾƻƭǳǘƛƻƴ ƛǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘhe 

Moon residing close to the Earth for a considerable time and at a distance of 5 to 10 Earth radii. 

Energy dissipation would then take place at a more modest rate not requiring more runaway 

accretion. Data from Apollo missions support this scenario. Additional collaboration comes from 

ǘƘŜ 9ŀǊǘƘΩǎ ƎŜƻƭƻƎȅΦ ά¢ƘŜ ǇŀǳŎƛǘȅ ƻŦ ǇǊŜǎŜǊǾŜŘ ǎŜŘƛƳŜƴǘǎ ƻƴ ǘƘŜ ŎƻƴǘƛƴŜƴǘǎ ŘŀǘƛƴƎ ŦǊƻƳ ǘƘƛǎ 

period and earlier could possibly be the result of the extensive and long-lasting tidal effects 

associated with this proposed lunar ƻǊōƛǘŀƭ ŜǾƻƭǳǘƛƻƴΦέ o The hypothesis of this paper partially 

supports this idea of lunar orbital evolution, but adds an additional energy or heat transfer to 

ǎƭƻǿ ǘƘŜ 9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ ōŜŦƻǊŜ ǘƘŜƛǊ ƻǊōƛǘǎ ōŜŎƻƳŜ ǎȅƴŎƘǊƻƴƛȊŜŘ.  This paper uses a 

ŎƻƳǇǳǘŀǘƛƻƴ ǘƘŀǘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ ǿŀǎ ŘƛǎǇƭŀŎŜŘ ǾŜǊȅ ǊŀǇƛŘƭȅ ŦǊƻƳ ƛǘǎ ŎƭƻǎŜ ŜƴŎƻǳƴǘŜǊ 

of 90,000 km to a larger orbit of 240,000 km.  Intense tidal heating certainly did not last as long 

as 600 to 800 million years to keep MooƴΩǎ ƳŀǊŜǎ ǎŜƳƛ-molten unless the depth of heating was 

very substantial for slowing the Earth. 

Apollo exploration led to other interesting discoveries: the external magnetization of the 

aƻƻƴΩǎ ŎǊǳǎǘΣ ǘƘŜ ƭŀǊƎŜ ǇƻǎƛǘƛǾŜ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŀƴƻƳŀƭƛŜǎ ŎŀƭƭŜŘ ƳŀǎŎƻƴǎ found inside major 

impact basins, and the low velocity or subsonic impacts related to efficient differentiation of the 

surface materials. ! ǎŎƘŜƳŜ ŦƻǊ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ŜǾƻƭǳǘƛƻƴ Ƴǳǎǘ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜǎŜ ŦŀŎǘǎΦ 
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During the first encounter and first series of passes of the Earth with the Moon in their newly 

shared orbit, major impacts occurred on the Moon due to the collisional debris and possibly 

ǎƻƳŜ ƻŦ 9ŀǊǘƘΩǎ ƻǿƴ ǎŀǘŜƭƭƛǘŜǎ ǘƘŀǘ ǿŜǊŜ ōǊƻǳƎƘǘ ŀƭƻƴƎΦ The time period of 3.8 to 4.1 bya for this 

event is recorŘŜŘ ƛƴ ǘƘŜ ŀƎŜ ƻŦ ǘƘŜ ŎƻƴǘƛƴŜƴǘΩǎ ƻƭŘŜǎǘ ǊƻŎƪǎ ŎŀƭƭŜŘ ŎǊŀǘƻƴǎΣ the radiometric ages 

of impact-melted rocks collected during the Apollo mission, and corresponding crater counting 

on Mercury and Mars. The ages of some meteorites and asteroids created during this period 

have yet to be confirmed. 

The Earth after its collision in the Asteroid Belt still retained its internal dynamo of interacting 

solid and liquid iron core parts. Hence, the youthful, stronger magnetic field with its 

magnetosphere was carried intƻ ǘƘŜ aƻƻƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘ ŀŦǘŜǊ 9ŀǊǘƘ ǿŀǎ ŘƛǎƭƻŘƎŜŘ ŦǊƻƳ ƛǘǎ 

original orbit. This terrestrial magnetosphere would then envelop the Moon during each early 

Ǉŀǎǎ ŀƴŘ ƭƛƎƘǘƭȅ ƳŀƎƴŜǘƛȊŜ ǘƘŜ aƻƻƴΩǎ ƳƻƭǘŜƴ ŎǊǳǎǘ ŘǳǊƛƴƎ ƛǘǎ ƭƻƴƎ ǇŜǊƛƻŘ ƻŦ continual 

bombardment and gradual solidification. It was found by the Apollo mission that the natural 

remnant magnetization of lunar rocks are in the age range of 4 to 3 billion years ago which 

accords with this idea. ¢ƘŜ aƻƻƴΩǎ ŎǊǳǎǘ ǿŀǎ Ǉƻǎǎƛōƭȅ ƘŜŀǘŜŘ ŦƻǊ ǘƘƛǎ ƭŜƴƎǘƘ ƻŦ ǘƛƳŜ ŘǳŜ to 

continuing but considerable less frequent impacts of planetisimals as the Moon swept clean the 

material brought into its environment by Earth over a period of several million years.  A primary 

source of heat would have come from the tidal heating created between the Earth and Moon 

due to their initial proximity of 5 to 15 Earth radii but only for a very short period of time. The 

new collision hypothesis computes a distance of 90,000 km or about 15 Earth radii According to 

ǘƘƛǎ ǇŀǇŜǊΩǎ ŎŀƭŎǳƭŀǘƛƻƴǎ ǘƘƛǎ initial close proximity only lasted about 30,000 years.  After the 

Moon finally began orbiting the Earth shortly after the 30,000 years the new orbital distance 

became 240,000 km and continued to gradually increase to 270,000 km by 2.9 to 3.0 bya.   The 

heŀǘ ƎŜƴŜǊŀǘŜŘ ōȅ ǘƛŘŀƭ ŀŎŎŜƭŜǊŀǘƛƻƴ ƻƴ ǘƘŜ aƻƻƴΩǎ ǎǳǊŦŀŎŜ during that time period is not 

sufficient to maintain partially molten mares.  Other heat sources are necessary such as 

continual impacts which do occur according to this new hypothesis.   

This new type of capture model being described also ƘŜƭǇǎ ǘƻ ŜȄǇƭŀƛƴ ǘƘŜ aƻƻƴΩǎ ƳŀǎŎƻƴǎΣ 

ŜŦŦƛŎƛŜƴǘ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ ƻŦ ǘƘŜ aƻƻƴΩǎ ǊŜƎƻƭƛǘƘǎΣ ŀƴŘ ǘƘŜ ǘǊŜƴŘ ŦƻǊ ǾŜǊȅ ŎƛǊŎǳƭŀǊ ŎǊŀǘŜǊǎ ŀƴŘ 

impact mares. The regolith is an unconsolidated residual or transported material that overlies 

the solid rock. The regolith of the Moon is considered very ancient since little erosion or plate 

tectonics is available to keep churning it as happens on Earth. All these phenomena require 

Impactors with subsonic relative velocity in order to prevent a net loss from impact craters and 

avoid a wide dispersion of a dense Impactor core. A low velocity impact can create the mascons 

found in the center of impact basins. 5ǳŜ ǘƻ ǘƘŜ aƻƻƴΩǎ ƭƻǿ Ƴŀǎǎ ǘƘŜ ƳŀƴǘƭŜ ƛǎ cooler than and 

not as molten as EarthΩǎΦ Its higher viscosity retained these low velocity Impactor core materials 

in much their present form and at higher levels under the crust and mare lava reservoirs. Some 

major impact mares do not have mascons which can be explained by some Impactors not having 

very large, dense cores. There is no need to expect homogeneity of Impactor compositions and 

cross-sections. Since the Moon possessed no plate tectonics or a large heat sink in the lower 

portions of its core, no migration of these mascons would ever take place. 
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The lower relative impact velocities are set-ǳǇ ōȅ ǘƘŜ 9ŀǊǘƘΩǎ ŎŀǇǘǳǊŜ ƳƻŘŜ ǿƘŜǊŜ ƛǘǎ ŎƻƳǇŀƴȅ 

of planetisimals roughly paralleled the orbital path of the Moon and roughly equaled its velocity. 

This combination caused rather consistent lower relative impact velocities as opposed to any 

random trajectory of an Impactor encountering the Moon.  For this reason other continuing 

impacts for the next several hundred million years would also have lower relative velocities as 

the Moon swept the environment clean. 

A NASA article concludes from the regular distribution of secondary bodies in the solar system, 

ǘƘŀǘ ǘƘŜ 9ŀǊǘƘ ƘŀŘ ŀƴ ƻǊƛƎƛƴŀƭ ǎŀǘŜƭƭƛǘŜ ǎȅǎǘŜƳ ǇǊƛƻǊ ǘƻ aƻƻƴΩǎ ŎŀǇǘǳǊŜΦ Extrapolation from the 

Uranus system to Earth suggests that Earth should have had a group of perhaps half a dozen 

small bodies. The article discusses additionally that this group can be larger by to adding a group 

obtained by using an extrapolation of the Martian system. Hence, Earth may originally have had 

a total of 5 to 10 normal satellites. The new collision hypothesis supports this idea only partially. 

The Martian satellites are irregularly shaped and possibly resulted from the debris of 9ŀǊǘƘΩǎ 

collision with its Impactor in the Asteroid Belt. 9ŀǊǘƘΩǎ ǊŜƎǳƭŀǊ ǎŀǘŜƭƭƛǘŜǎ ŀǘ ǘƘat time were either 

ƭŜŦǘ ǎǘǊŀƴŘŜŘ ƛƴ ǘƘŜ !ǎǘŜǊƻƛŘ .Ŝƭǘ ǎǳŎƘ ŀǎ /ŜǊŜǎΣ ǿŜǊŜ ŎŀǊǊƛŜŘ ōȅ 9ŀǊǘƘ ǘƻ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΣ ƻǊ 

ejected to other parts of the solar system. 

XVI. Summary of Apollo Mission Findings  
A summary of the previous presented facts shows how the new cƻƭƭƛǎƛƻƴ ƳƻŘŜƭ ǎǘŀŎƪǎ ǳǇ ǿƛǘƘ b!{!Ωǎ 

most currently accepted collision model. b!{!Ωǎ ŎŀǇǘǳǊŜ ƳƻŘŜƭ Ƙŀǎ ŦŀƭƭŜƴ ŦǊƻƳ ŦŀǾƻǊΣ ōǳǘ Ƙŀǎ ƛƳǇƻǊǘŀƴǘ 

ideas that are compared with the capture phase occurring soon after the preceding collision phase of 

ǘƘƛǎ ǇŀǇŜǊΩǎ Ƙȅpothesis. 

b!{!Ω{ Collision and Capture Models Supporting 

the Facts Revealed by the Apollo Mission 

New Collision Model with Post-Capture Supporting 

the Facts Revealed by the Apollo Mission 

1. Requires narrow limits of capture for a random 

orbit; not enough time for necessary energy 

dissipation.  

1. Mode of capture provides ample time for 

synchronizing orbital velocities. The slowing 

problem is resolved.  

2. The closer the encounter the more difficult are 

the limits for capture.  

2. The predicted closeness of original orbits allows 

for repeated impulse momentum of the passing 

Earth thereby reducing its orbital velocity gradually 

over time.  

3. Accretion of all existing Earth satellites by the 

captured Moon is possible after initial accretion 

of collisional debris.  

3. !ŎŎǊŜǘƛƻƴ ƻŦ ǎƻƳŜ ƻŦ 9ŀǊǘƘΩǎ ǎŀǘŜƭƭƛǘŜǎ ŀƴŘ ǎƻƳŜ 

of the collision debris can occur after Earth carries 

ǘƘŜǎŜ ōƻŘƛŜǎ ƛƴǘƻ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǊŜƎƛƻƴΦ  

4. Oldest age of Moon and oxygen isotope dating 

ƳŀǘŎƘ 9ŀǊǘƘΩǎ ǇƭŀŎƛƴƎ ƻǊƛƎƛƴǎ ŀǘ similar places  

4. aŀǘŎƘƛƴƎ ǘƘŜ 9ŀǊǘƘΩǎ ŀƴŘ aƻƻƴΩǎ ǇƭŀŎŜ ŀƴŘ ǘƛƳŜ 

of origin is not required. The Earth was 

captured/formed in a different orbital region from 
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b!{!Ω{ Collision and Capture Models Supporting 

the Facts Revealed by the Apollo Mission 

New Collision Model with Post-Capture Supporting 

the Facts Revealed by the Apollo Mission 

and times.  the Moon and times for various isotopes can be as 

different as 50 to 100 my.  

5. 5ŀǘƛƴƎ ƻŦ aƻƻƴΩǎ ƛƴǘŜnse cratering, Late Heavy 

Bombardment (LHB) at 3.9- 4.0 bya after the 

initial formation by accretion 4.6 bya is caused by 

events explained in the Nice Theory. The LHB is 

not correlated to the current collision model.  

5. The LBH is directly the effect of EŀǊǘƘΩǎ Ŏƻƭƭƛǎƛƻƴ 

with another large body. Evidence is the matching 

ŀƎŜ ƻŦ ǘƘŜ ƻƭŘŜǎǘ ŎǊŀǘƻƴǎ ŦƻǳƴŘ ƻƴ 9ŀǊǘƘΩǎ 

continents. These original granitic basalts solidified 

close to 3.9 to 4.0 bya. This collision created most 

of the planetisimals that bombarded other parts of 

the inner solar system. Other major planetary 

impacts are possible such as with Mars, but perhaps 

a little later than the LBH period.  

6. NASA has proposed that the remnant 

ƳŀƎƴŜǘƛȊŀǘƛƻƴ ƻŦ aƻƻƴΩǎ ǎǳǊŦŀŎŜ ǿŀǎ ŎǊŜŀǘŜŘ ōȅ 

the stronger helio-magnetosphere and/or the 

9ŀǊǘƘΩǎ ƳŀƎƴŜǘƻǎǇƘŜǊŜ ŘǳǊƛƴƎ ƛǘǎ ǊŜ-melting and 

re-solidifying period.  

6. The new collision model supports a very molten 

and more magnetized early Earth. The proximity of 

ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƎƴŜǘƻǎǇƘŜǊŜ ŎƻǳƭŘ ƘŀǾŜ ǾŜǊȅ Ǉƻǎǎƛōƭȅ 

magnetized ǘƘŜ aƻƻƴΩǎ re-melted surfaces after 

the LHB and after intense tidal heating and during 

the long term sweeping of smaller Impactors for 

600 million years or more.  

7. The results of mascons centered in impact 

basins, and circular rims are subsonic velocity 

impacts. There are no substantial reasons for 

these low velocities.  

7. The post-collision capture model definitely 

provides a mechanism for both slowing the Earth 

and its accompanying satellites and debris stream. 

Also, their orbital paths would match making lower 

impact velocities possible.  

8. Lunar rocks of the mare formations indicate 

melted surfaces lasting from 3.8 to 3.2 / 3.0 

billion years after the LHB. The explanation is tidal 

ƘŜŀǘƛƴƎ ŘǳǊƛƴƎ aƻƻƴΩǎ ƻǊōƛǘŀƭ ŜǾƻƭǳǘƛƻƴΦ  

8. This capture model does not provide enough 

period of time and close proximity of the bodies to 

create sufficient tidal heating for longer periods.  

The stream of collisional debris brought by the 

captured Earth could very likely been swept by the 

Moon over a long period of 600 million years 

causing continuing re-heated, re-melted, and re-

solidified surfaces. 

фΦ ¢ƘŜ άŎǊŀǘŜǊ ŎƻǳƴǘƛƴƎέ ƳŜǘƘƻŘ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ 

the ages of impacted surfaces on the Moon and 

Mars do not entirely match the LHB period.  

9. ¢ƘŜ άŎǊŀǘŜǊ ŎƻǳƴǘƛƴƎέ ƴŜŜŘ ƴƻǘ Ƴatch for the 

Moon and Mars. Mars had a larger orbit which 

needed much more time to perturb, attract, and 

sweep collision debris from an orbital span as large 
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b!{!Ω{ Collision and Capture Models Supporting 

the Facts Revealed by the Apollo Mission 

New Collision Model with Post-Capture Supporting 

the Facts Revealed by the Apollo Mission 

as the Asteroid Belt. 5ŜōǊƛǎ ŦǊƻƳ 9ŀǊǘƘΩǎ Ŏƻƭƭƛǎƛƻƴ 

followed Earth and more quickly concentrated a 

stream of planetisimals toward the Moon.  

10. There are striking differences in composition 

between the Earth and Moon including, those of 

the outer planets and their satellites. The nebular 

hypothesis requires that the proto-star disk be 

uniformly mixed. ¢Ƙƛǎ ŎƻƴǳƴŘǊǳƳ ƛǎ άŜƛǘƘŜǊ ƭŜŦǘ 

unexplained or ascribed to ad hoc processes 

ǿƛǘƘƻǳǘ ǘƘŜƻǊŜǘƛŎŀƭ ōŀǎƛǎέ o 

10. The new collision model relies on another 

ƘȅǇƻǘƘŜǎƛǎ ŎŀƭƭŜŘ ά{ǳǇŜǊƴƻǾŀ {ŜŜŘƛƴƎέ ǘƘŀǘ ŎǊŜŀǘŜǎ 

celestial bodies of all sizes including the seeds for 

stars. ά{ǳǇŜǊƴƻǾŀ {ŜŜŘƛƴƎέ ŘƻŜǎ ƴƻǘ ǊŜǉǳƛǊŜ 

accretion and homogeneous mixing inside a proto-

star disk to birth the planets and their satellites. 

ά{ǳǇŜǊƴƻǾŀ ǎŜŜŘƛƴƎέ ŎǊŜŀǘŜǎ ƛǘǎ ƻǿƴ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ 

of materials in a series of explosions and 

intersections of shock fronts inside expanding 

supernova remnants.  Any newly formed planets in 

close proximity with newly formed proto-stars may 

become planetary systems. 
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XVII. Summary of the Two Contending Collision Hypotheses  
The following comparative table lists the basic differences between the current idea of a Martian size 

body striking Earth and then forming the Moon with the ejected debris materials verses the new idea of 

a less dense Martian size body striking Earth and re-locating it to another orbit where it becomes 

synchronized with the Moon. 

Current Hypothesis of a Moon-Forming Collision New Hypothesis of an Earth Relocating after 

Collision and Subsequent Capture of the Moon 

1. Coefficient of restitution almost equal to 1 

(elastic conditions).  

1. Coefficient of restitution almost equal to 0 

(inelastic conditions) due to a young molten Earth. 

2. Materials of Impactor more rocky than volatile.  2. Materials of Impactor more volatile, but possibly 

having a small rocky/iron core.  

3. 9ƧŜŎǘŜŘ ƳŀǘŜǊƛŀƭǎ ƻŦ ōƻǘƘ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ 

mantle and Impactor accrete to form orbiting 

Moon.  

3. Ejected materials are minimal forming the Main 

Belt and other asteroids. This ejected debris creates 

the Late Heavy Bombardment (LHB) 3.9 bya. Most 

Impactor material remains with the Earth.  

4. Kinetic energy of Impactor converted mostly to 

the ejection of materials and heat and angular 

momentum for the Moon. (NASA in 2013 

proposed that the collision also caused the 

9ŀǊǘƘΩǎ ǘƛƭǘŜŘ ǎǇƛƴ ŀȄƛǎΦύ 

4. Kinetic energy of Impactor converted mostly to 

tilting and relocating Earth to another orbit.  

5. LƳǇŀŎǘƻǊΩǎ ǎƻǳǊŎŜ ŜƛǘƘŜǊ ǊŜǎǳƭǘŜŘ ŦǊƻƳ ǊŜŀǎƻƴǎ 

of the Nice Model or from a Lagrangian Trojan 

satellite.  

5. LƳǇŀŎǘƻǊΩǎ ǎƻǳǊŎŜ ŘǳŜ ǘƻ ƛǘǎ ǎƛȊŜ ǊŜǉǳƛǊŜŘ ŀ 

source outside the already formed mature solar 

system or a planetary object perturbed into an 

elongated elliptic orbit with a long period of return.  

6. Current hypothesis does not explain or 

provides only a weak explanation:  

6. The new hypothesis of this paper does help to 

explain:  

a. Required angular momentum for the 

Earth-Moon system unless one accounts 

for a very rapidly spinning Earth. 

a. The captured Earth gradually matches the 

aƻƻƴΩǎ ƻǊōƛǘŀƭ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜ ŀƭǊŜŀŘȅ 

orbiting Moon is the source of the required 

initial angular momentum.  

b. Creation of drifting continents and plate 

tectonics.  

b. The expelling of mantle and Impactor 

materials to form continents and bloat the 

Earth to crack its existing young crust. 

c. ¢ƘŜ 9ŀǊǘƘΩǎ ŀȄƛǎ ǘƛƭǘ ƻŦ но ŘŜƎǊŜŜǎΦ  c. Impact energy, the unbalance of captured 
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Current Hypothesis of a Moon-Forming Collision New Hypothesis of an Earth Relocating after 

Collision and Subsequent Capture of the Moon 

(NASA in 2013 proposed that the collision 

ŎŀǳǎŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ǘƛƭǘŜŘ ǎǇƛƴ ŀȄƛǎΦύ 

material, and change in the center of 

gravity caused a tilt of the spin axis from 

the natural ecliptic.  

d. Volcanic hot spots randomly occurring on 

the EarǘƘΩǎ ǎǳǊŦŀŎŜΦ  

d. Provides the trapped volatiles to expel 

through the crust at random locations and 

times and over long periods of time.  

e. Ages of the oldest rocks on the Moon and 

Earth do not exactly agree with the age of 

the oldest meteorites, the age of the 

solar system.  

e. ¢ƘŜ ŀƎŜǎ ƴŜŜŘ ƴƻǘ ŀƎǊŜŜ ǎƛƴŎŜ ǘƘŜ aƻƻƴΩǎ 

rocks ŀƴŘ 9ŀǊǘƘΩǎ ƻƭŘŜǎǘ ǊƻŎƪǎ ƻƴ ǘƘŜ 

continents can have differences of 50 

million years or more during solar system 

formaton.  

f. ¢ƘŜ aƻƻƴΩǎ ƛǊƻƴ ŎƻǊŜ ŀƴŘ Ŧŀƛƴǘ ǊŜǎƛŘǳŀƭ 

magnetism of surface rocks is thought to 

be the result of an earlier stronger helio-

magneticsphere.  

f. The Moon as a typical planet can have an 

iron core and magnetic properties that 

were mostly destroyed during the LHB 

period. The remnant magnetization is due 

to the original close encounter with Earth 

during its period of having a very strong 

magnetosphere field.  

g. Unexplainable differences in various 

isotopes between the Moon and Earth.  

g. There is no need to explain these 

differences because the Moon can form at 

a different span of time during solar system 

formation.  

7. The collision model has problems needing 

adequate material to form the Moon without 

destroying the Earth in the impact, but having 

enough energy to provide enough debris with 

escape velocity.  

7. This model can demonstrate a plausible scenario 

with calculations that transfers energies during the 

impact, the Earth falling into a new orbit, and the 

evolution of the Earth-Moon system to present day 

conditions.  
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XVIII.   New Collision Model Supported by Calculations  

A. Abstract for the %ÁÒÔÈȭÓ -ÅÔÁÍÏÒÐÈÏÓÉÓ ɉEMM) Model  
This mathematical modeling starts with the following question. What size of an Impactor or 

Rogue Planet and its initial velocity is required to knock planet Earth from an orbit in the Main 

Belt of Asteroids to the MoonΩǎ ƻǊōƛǘΚ 

Assume that an Impactor between the size and mass of Ganymede and Mars struck the Earth 

when it originally resided in an orbit roughly the mean average of the present asteroids orbiting 

between Mars and Jupiter. CǳǊǘƘŜǊΣ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ƻriginal orbital velocity was close to 

the current average orbital velocity of the asteroids. 

!ǎǎǳƳŜ ǘƘŀǘ Ƴƻǎǘ ƻŦ ǘƘŜ ƻǊƛƎƛƴŀƭ LƳǇŀŎǘƻǊΩǎ Ƴŀǎǎ ƛǎ ŀŘŘŜŘ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ƭŜǎǎ ǎƻƳŜ ǎƳŀƭƭ Ƴŀǎǎ 

for the ejected debris. This debris becomes the largest portion of thŜ aŀƛƴ .Ŝƭǘ ŀǎǘŜǊƻƛŘǎΩ ƳŀǎǎΦ 

The factor of four times this amount of debris is imposed to account for the other collisional 

debris that struck Mercury, the Moon, and Mars. Some of this debris may have become parts of 

the irregular orbiting asteroids outside the Main BeltΣ ǘƘŜ ¢ǊƻƧŀƴ ŀǎǘŜǊƻƛŘǎ ƛƴ WǳǇƛǘŜǊΩǎ ƻǊōƛǘΣ ǘƘŜ 

moons of Mars, and collisions with the Sun and other planets. The volume of the Impactor is a 

calculated value after choosing a typical mean density from other solar system objects of similar 

mass. 

The remaining partially assumed, but calculated value is the velocity of the Impactor and the 

velocity of the Earth immediately after impact to create a synchronous orbit with the Moon at 

one astronomical unit, AU, from the Sun. Assume that the resulting velocity vector after impact 

was toward the Sun at an oblique angle and still in the ecliptic plane where the Earth orbited 

originally. 

The following conservation of energy and momentum equations assume impact losses, about 10 

% of the total energy transferred. These losses are the energy required to aid in tilting the Earth, 

ǘƘŜ ŜƴŜǊƎȅ ǘƻ ƛƴŎǊŜŀǎŜ ƳŀǘŜǊƛŀƭ ǇǊŜǎǎǳǊŜǎ ǘƻ ǇŜƴŜǘǊŀǘŜ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƳŀƴǘƭŜΤ ŜƴŜǊƎȅ ǘƻ 

create noise, light, heat; and the kinetic energy to disperse the collisional debris. 

The conservation of momentum equation for less than perfect inelastic collision such as an ice 

ball thrown at a snowman and penetrating it determines the resulting momentum vector and 

new velocity of the combined bodies. The conservation of energy equation ǎǳƳǎ ǘƘŜ άōŜŦƻǊŜ 

ŀƴŘ ŀŦǘŜǊέ ƪƛƴŜǘƛŎ ŀƴŘ ǇƻǘŜƴǘƛŀƭ ŜƴŜǊƎƛŜǎ ƻŦ ǘƘŜ ōƭƻŀǘŜŘ 9ŀǊǘƘ ǿƛǘƘ ƛǘǎ LƳǇŀŎǘƻǊ ƛƴǎƛŘŜ ƛǘǎ ƳŀƴǘƭŜ 

as it moves from its original orbit between Mars and Jupiter to its present orbit in the solar 

system. The new velocity of the impacted Earth immediately after impact is determined from 

the conservation of momentum equation and then used in the conservation of energy equation. 
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B. Values for Equations  
1. 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ Ƴŀǎǎ ōŜŦƻǊŜ Ŏƻƭƭƛǎƛƻƴ Ŝǉǳŀƭǎ ǘƘŜ 9ŀǊǘƘΩǎ ŎǳǊǊŜƴǘ Ƴŀǎǎ 

less the LƳǇŀŎǘƻǊΩǎ mass. 
 5.72 x 1024 kg 

 ό9ŀǊǘƘΩǎ ŎǳǊǊŜƴǘ Ƴŀǎǎύ 5.97 x 1024 kg r 

2. Estimated total mass of dispersed debris created from the impact. 0.012 x 1024 kg 

 όb!{!Ωǎ ŜǎǘƛƳŀǘŜ ƻŦ aŀƛƴ .Ŝƭǘ ŀǎǘŜǊƻƛŘǎΩ Ƴŀǎǎύ 0.003 x 1024 kg 
s 

3. Avg. orbital velocity of bodies in the Asteroid Belt and the original 
orbital velocity of Earth. 

18.5 km/sec s 

4. Assumed mass for the Impactor 0.25 x 1024 kg  
= .25/5.97  
= .042 of 
9ŀǊǘƘΩǎ Ƴŀǎǎ 

 όDŀƴȅƳŜŘŜΩǎ Ƴŀǎǎ ƻŦ Ƴƻǎǘƭȅ ƛŎŜǎ ς for reference) 0.15 x 1024 kg t 

 όaŀǊǎΩ ƳŀǎǎΣ ǿƘƛŎƘ ƛǎ лΦмлт ƻŦ 9ŀǊǘƘΩǎ ς for reference) 0.64 x 1024 kg r 

5. Assumed velocity of Impactor prior to collision (see Impact Velocity 
Calculation) 

45 km/sec 

 (Orbital speed of Mars ς for reference) 24 km/sec r 

 (Fastest impacts occurring on Earth ς for reference) 70 km/sec u 

 (Impact velocity of Comet Shoemaker-Levy 9 with Jupiter ς for 
reference) 

60 km/sec v 

6. Assumed density of Impactor (this density indicates an iron core with a 
crust and outer mantle of mostly ices with a smaller silicate inner 
mantle) 

2.500 g/cm3 

 όDŀƴȅƳŜŘŜΩǎ ƳŜŀƴ ŘŜƴǎƛǘȅ ŦƻǊ ǊŜŦŜǊŜƴŎŜύ 1.936 g/cm3 t 

 όLƻΩǎ ƳŜŀƴ ŘŜƴǎƛǘȅ ŦƻǊ ǊŜŦŜǊŜƴŎŜύΥ 3.528 g/cm3 t 

 όaŀǊǎΩ ƳŜŀƴ ŘŜƴǎƛǘȅ ŦƻǊ ǊŜŦŜǊŜƴŎŜύΥ 3.934 g/cm3 r 

 (Common densities for reference:  1.00 for water; 2.7 for granite; 7.8 
or iron; 5.52 for Earth; 13.0 for 9ŀǊǘƘΩǎ ŎƻǊŜύ w 

 

 (see Table of Comparative Data for Solar System Objects for selecting 
Impactor parameters) 

 

7.  Volume of Impactor (determined by chosen density and mass) 10.0 x 1010 km3 

 Volume of Earth 108 x 1010 km3 

 (Volume of Mars is 16.3 x 1010 km3; and Ganymede is 7.6 x 1010 km3 for 
reference) 

 

8. 5ƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ŀƴŘ ŎǳǊǊŜƴǘ ƻǊōƛǘǎ 
= (2.7 ς 1.0) AU = 1.7 AU x 149 x 106 km / AU 

2.53 x 108 km s 

9. !ǎǎǳƳŜŘ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ 9ŀǊǘƘΩs initial and aƻƻƴΩǎ ƻǊƛƎƛƴŀƭ ƻǊōƛǘǎ Ґ 
0.234 x 384,400 km (aƻƻƴΩs current distance)  

90,000 km 

10. {ǳƴΩǎ ŎǳǊǊŜƴǘ Ƴŀǎǎ 1.99 x 1030 kg r 

11. aƻƻƴΩǎ ŎǳǊǊŜƴǘ Ƴŀǎǎ 7.34 x 1022 kg r 

12. 9ŀǊǘƘΩǎ ŀƴŘ aƻƻƴΩǎ ŎǳǊǊŜƴǘ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ 30 km/s r 

13. Gravitation constant (G) 6.674 x 10-11 

m3kg-1 sec-2 

or  
6.674 x 10-11 
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(Nt)m2 kg-2 

or 
6.674 x 10-20 

km3 kg-1 sec-2 

14. One AU = distance between Earth and Sun 1.49 x 108 km 

15. Conservation of momentum equation for a perfectly inelastic collision m1 (u1) + m2 
(u2) = (m1 + m2) 
(v) 

16. Kinetic energy equation K.E. = K = ½ m 
v2 

17. Potential energy equation P.E. = Ug = - G 
(m1)(m2) / 
(Radius) 

18. The conservation of energy used for the Earth with its captured 
Impactor falling from the orbit between Mars and Jupiter to its current 
orbit 

Sum of 
energies = K0 + 
Ug0 = Kf + Ugf 

where K0 + Ug0 

= energies of 
combined 
bodies near 
asteroid Main 
Belt orbit and 
Kf + Ugf = 

energies of 
combined 
bodies near 
9ŀǊǘƘΩǎ ŎǳǊǊŜƴǘ 
orbit 

C. Explanation of Assumptions  
1. ¢ƘŜ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ Ƴŀǎǎ ōŜŦƻǊŜ Ŏƻƭƭƛǎƛƻƴ ƛǎ ōŀǎŜŘ ǎƛƳǇƭȅ ƻƴ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƻŦ 9ŀǊǘƘΩǎ 

current mass and the assumed mass of the Impactor. The Impactor is assumed to 

ǇŜƴŜǘǊŀǘŜ ŀƴŘ ŀŘŘ Ƴƻǎǘ ƻŦ ƛǘǎ Ƴŀǎǎ ǘƻ 9ŀǊǘƘΩǎ ƳŀǎǎΦ 

2. The estimated cumulative mass of debris from the impact is more than the cumulative 

asteroid Main Belt mass of 0.003 to 0.0036 x 1024 kg x determined by a NASA survey and 

extrapolations. This Main Belt mass does not include the other asteroid masses that 

struck the Moon, fell back to Earth, possibly contributed to the Trojan asteroids of 

Jupiter, and other highly elliptical/inclined asteroids. Hence, more mass is added to the 

Main Belt mass and is assumed as a factor of 4 times more. However, this mass 

summation of 0.012 x 1024 kg is still negligible when compared to the total masses of the 

Earth and the Impactor. Therefore, this mass is ignored in the following calculations 

where the conservation of momentum and conservation of energy are utilized. 

3. ¢ƘŜ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƛǎ assumed and chosen from the estimated average 

orbital speed of the asteroids found in the Main Belt. The velocities of the two largest 

asteroids, Ceres and Vesta are 17.88 km/s and 19.29 km/s, respectivelys. The assumed 
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orbital velocity falls between the adjacent orbital velocities of Mars at 24 km/s r and 

Jupiter at 13 km/sr. It is sensible ǘƻ ŎƘƻƻǎŜ муΦр ƪƳκǎ ŀǎ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ǾŜƭƻŎƛǘȅ ōŜŎŀǳǎŜ 

any body at this orbital radius has a similar orbital velocity whether it existed in the 

distant past or in the present. 

4. The choice of the assumed mass of the Impactor is more difficult. In combination with 

the value of its velocity, enough momentum diverts ǾŜŎǘƻǊŀƭƭȅ ǘƘŜ ƻǊƛƎƛƴŀƭ 9ŀǊǘƘΩǎ 

momentum from its original orbit into an inward trajectory that falls far enough to 

increase its velocity sufficiently for an inner orbit. Its final velocity vector must come 

ǾŜǊȅ ŎƭƻǎŜ ǘƻ ŀ ǘŀƴƎŜƴǘ ƭƛƴŜ ǿƛǘƘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ, and at the same time achieve 

approximately ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅΦ 

 

The hefty mass of Mars could be chosen first since certain academic theorists had no 

qualms using it to strike Earth and create debris that then accreted to form the Moon. 

My scenario is quite different and need not account for  enough mass to create the 

Moon; but, Impactor momentum needs to be sufficient to divert Earth from its given 

orbit. The composition of the Impactor is also very different from Mars being made 

primarily of ices and silicates as opposed to a majority of rocky materials needed to 

make the Moon. 

 

The selection of the assumed mass and density should be reasonably comparable to 

known ice/rocky bodies in our solar system. ¢ǿƻ ŎƻƳǇŀǊŀōƭŜ ōƻŘƛŜǎ ŀǊŜ WǳǇƛǘŜǊΩǎ ƳƻƻƴΣ 

Ganymede, with a mass of 1.48 x 1023 kg and a mean density of 1.936 g/cm3 t and Mars 

with a mass of 0.64 x 1024 kg and a mean density of 3.934 g/cm3 r. Considerations for the 

volume and size of the Impactor are based on having a smaller mass and less density 

than Mars. The ImpactƻǊΩǎ Ƴŀǎǎ of 0.25 x 1024 kg was selected by making a comparison 

study of various celestial bodies. See the Table of Comparative Data for Solar System 

Objects. 

5. The assumed velocity of the Impactor is also a tricky choice. The value needs to provide 

sufficient momentum (m x v). The orbital velocity of Mars, the next inner planet to the 

9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ǇƻǎƛǘƛƻƴΣ ƛǎ нп ƪƳκǎŜŎΦ ¢ƘŜ ŦŀǎǘŜǎǘ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ŦƻǊ ŀ ǇƭŀƴŜǘ ƛǎ пу 

km/sec for Mercury. The velocity of impact for Comet Shoemaker-Levy 9 was 60 

km/secv. These velocities can provide some guidance. Perhaps its normal orbital velocity 

was between 25 and 35 km/s; then it is assumed that the Impactor accelerated to 40 to 

50 km/s as it was falling toward Earth. 

One possible scenario is that a large Neptunian-size rogue planet became captured 

and/or perturbed into a long elliptical orbit that crossed the Main Belt orbital path. One 

of its own larger satellites struck the Earth. The  combined velocities of both the planet 

and the satellite could have created an unusually high overall velocity. 

Another perhaps more accurate line of thought comes from the study of impact 

velocities. On Earth, ignoring the slowing effects of travel through the atmosphere, the 
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lowest impact velocity with an object from space is equal to the gravitational escape 

velocity of about 11 km/s u. The fastest impacts occur at more than 70 km/s, calculated 

by summing the escape velocity from Earth, the escape velocity from the Sun at the 

9ŀǊǘƘΩǎ ƻǊōƛǘΣ ǘƘŜ ŜǎŎŀǇŜ ǾŜƭƻŎƛǘȅ ŦǊƻƳ ǘƘŜ LƳǇŀŎǘƻǊ ƛŦ ǎǳŦŦƛŎƛŜƴǘƭȅ ƭŀǊƎŜΣ ŀƴŘ ǘƘŜ Ƴƻǘƛƻƴ 

of the Earth around the Sun u. During the early stages of tƘŜ 9ŀǊǘƘΩǎ ŦƻǊƳŀǘƛƻƴ ǘƘŜǊŜ ǿŀǎ 

less atmosphere to slow an incoming object. Refer to the Calculation of Impact Velocity. 

6. The assumed composition is more ice than rocky materials that is comparable to the 

make-uǇ ƻŦ WǳǇƛǘŜǊΩǎ ƳƻƻƴΣ DŀƴȅƳŜŘŜΦ Its density is chosen to match an icy moon as 

opposed to a terrestrial planet. Hence, the density falls ōŜǘǿŜŜƴ DŀƴȅƳŜŘŜΩǎ мΦфп 

g/cm3 t ŀƴŘ ǘƘŜ aƻƻƴΩǎ оΦоп ƎκŎƳ3 rΣ ōǳǘ ŎƭƻǎŜǊ ǘƻ DŀƴȅƳŜŘŜΩǎ ŘŜƴǎƛǘȅΦ 

7. The ImpacǘƻǊΩǎ ǾƻƭǳƳŜ ƛǎ ǎƛƳǇƭȅ ǘƘŜ ǊŜǎǳƭǘ ƻŦ its chosen density and mass. However, this 

volume should have reasonable proportions to the volume of Earth, since most of the 

Impactor ƛǎ ŜƳōŜŘŘŜŘ ƛƴǎƛŘŜ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜΦ 

8. The assumed original orbital radius of 2.7 AU for Earth was determined to be close to 

the values of the two largest asteroids: Ceres at 2.77 AU s and Vesta at 2.36 AU s and fall 

between the orbital velocities of Mars and Jupiter. 

9. Lǘ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ 9ŀǊǘƘ ŘƛŘ ƴƻǘ ŀƭƛƎƴ ǇŜǊŦŜŎǘƭȅ ǿƛǘƘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ when it was re-

located. Otherwise, a collision would occur. The Moon was closer at 90,000 km during 

its first encounter with Earth. Angular momentum and energy was transferred between 

the two objects in various steps in order to move the Moon to its present orbit around 

9ŀǊǘƘ ŀƴŘ ƳŀƪŜ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊōƛǘ ƳƻǊŜ circular and slower. A change of distance 

between the two bodies was computed that eventually reduceŘ ǘƘŜ ŎŀƭŎǳƭŀǘŜŘ 9ŀǊǘƘΩǎ 

velocity of 35 km/s when ƛǘ ǊŜŀŎƘŜŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ ǘƻ ǘƻŘŀȅΩǎ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƻŦ ол 

km/s. 

10. The energies expended in the collision include those that make noise, light, and heat; 

disperse debris into space; compress and/or displacŜ ōƻǘƘ ōƻŘƛŜǎΩ ƳŀƴǘƭŜǎΤ ǊŜŘǳŎŜ ǘƘŜ 

rotations of both bodies, tilt the spin axis, and most importantly the change in orbital 

radius and orbital directions. The conservation laws will only consider the change in 

orbital radius and velocity vectors and choose an assumed factor of 10 % losses for all 

the other energy expenditures. This factor of losses is the largest question in this list of 

assumptions and perhaps can be estimated better with more accurate calculations in 

the future. 

11. The impact angle with respŜŎǘ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛǎ ōŜǘǿŜŜƴ ȊŜǊƻ ŀƴŘ нл ŘŜƎǊŜŜǎ ǎƻ 

that little angular momentum is transferred to alter spin of the Earth. Hence, only linear 

momentum is used for the momentum conservation calculation. 

12. ¢ƘŜ 9ŀǊǘƘΩǎ ǘƛƭǘ ƻŦ ƛǘǎ ǎǇƛƴ ŀȄƛǎ ƛǎ ŎŀǳǎŜŘ by the imbalance of the much lighter Impactor 

ƳŀǘŜǊƛŀƭǎ ŜƳōŜŘŘŜŘ ƛƴǎƛŘŜ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ offsetting the center of gravity and by 

some assumed initial impact energy. ¢ƘŜ 9ŀǊǘƘΩǎ gyroscopic motion helps to preserve its 

original spin axis. However, over a very short time this imbalance of the two different 

spinning masses causes the overall spin to seek equilibrium and tilt the axis by 23 

degrees with respect to the ecliptic plane. ¢ƘŜ ǘƛƭǘ ƛǎ ǎǘŀōƛƭƛȊŜŘ ōȅ ǘƘŜ ŀƛŘ ƻŦ ǘƘŜ aƻƻƴΩǎ 
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external gravity field after the two planets begin to share one orbital region. Diagram G 

helps explain the phenomenon of an imbalanced spinning mass seeking equilibrium. 

I hope that these assumptions have not veered too far from the truth so that a plausible model 

develops to re-create this catastrophic event of our genesis story involving the Earth and Moon 

system. In fact, an important part of science is understanding uncertainty. When scientists say 

we know something, we mean we have tested our ideas with a degree of accuracy over a range 

of scales. Scientists also address the limitations of their theories and try to define and extend 

the range of applicability. If the method here is properly applied, similar but even more accurate 

results should emerge over time.  This model with all its assumptions bravely attempts to 

address all the more important enigmas about the Earth-Moon system starting with one simple 

idea.  The model incorporates all the necessary scientific disciplines of astrophysics, planetary 

science, geology, and non-computerized mathematics. 

It is our responsibility to push reason as far as we can. Far from being isolating, a rational, 

scientific way of thinking could be unifying. Evaluating alternative strategies; reading data, when 

available; understanding hidden meanings of the space and sky explorations; and, 

understanding their uncertainties ς all features of the scientific method ς can help us find the 

right way forward. 

D. Table of Comparative Data for Solar System Objects  
Object Volume 

1010 km3 

(EarthΩs) 

Mean 
Radius 

km 
(EarthΩs) 

Density 
g/cm3 

Mass 
1024 kg 

(EarthΩs) 

Features 

Ganymede 
t 

7.6 
(0.0704) 

2634 1.94 0.148 Fe/FeS core; outer ice mantle; 
inner silicate mantle; fully 
differentiated. 

Pluto r 0.639 
(0.006) 

1153 
(0.18) 

2.03 0.013 
(0.00218) 

50% ice 850 km tk. and 50% 
rock; has N2, CH4, and CO2 ices. 

Ceres s 0.048 487 
(0.076) 

2.08 0.0009 
(0.00015) 

Water ice 100 km tk. with rocky 
core; ½ mass of asteroid main 
belt. 

Moon r 2.19 
(0.020) 

1737 
(0.273) 

3.34 0.073 
(0.0123) 

Has mafic mantle and iron liquid 
and solid core; 2nd densest 
satellite in solar system behind 
Io 

Io t 2.53 
(0.023) 

1821 3.53 0.089 
(0.015) 

Fe/FeS core; outer silicate crust; 
partially molten silicate mantle. 

Mars r 16.32 
(0.151) 

3398 
(0.533) 

3.97 0.64 Fe/S core; silicate mantle; 
9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀǾŜǊŀƎƛƴƎ пл ƪƳ ƛǎ 
ƻƴƭȅ мκо ŀǎ ǘƘƛŎƪ ŀǎ aŀǊǎΩ ŎǊǳǎǘΦ 

Earth r 108.3 6378 5.52 5.97 Fully differentiated with N2 and 
O2 atmosphere and liquid H20. 
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E. Choosing the Parameters for EÁÒÔÈȭÓ )ÍÐÁÃÔÏÒ 
The table above provides a brief study of asteroids, moons, and dwarf planets. From their 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƘŜ 9ŀǊǘƘΩǎ LƳǇŀŎǘƻǊ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ŘǳŜ ǘƻ ǘƘŜ ǊŀƴƎŜ ƛƴ ǎƛȊŜǎΦ The 

Impactor is assumed to be a normal or average celestial body presently found in the solar 

system or any other star system for that matter. 

1. ¢ƘŜ ǊŀƴƎŜǎ ƻŦ ǎƛȊŜǎ ŀǊŜ DŀƴȅƳŜŘŜΩǎ ǊŀŘƛǳǎ ƻŦ нсоп ƪƳ ǘƻ /ŜǊŜǎ ŀƴŘ 9ƴŎŜƭŀŘǳǎ ǊŀŘƛƛ ƻŦ 

487 km and 252 km t, respectively s t. aŀǊǎΩ ǎƛȊŜ ƻŦ оофу ƪƳ ƛǎ ŀƭǎƻ ƛƴ ǘƘŜ ǊǳƴƴƛƴƎ r. 

2. Typically the volumes of these bodies range from 0.006 to 0.070 Earths. 

3. The maximum mean densities are about 3.34 g/cm3 for the Moon, Io, and Europa r t. The 

average densities are around 2.0 g/cm3 reflecting large mantles of ices and silicates with 

a rocky core or small iron core. Objects with densities between 1.6 and 1.0 g/cm3 are 

composed mostly of ices and are the least differentiated. 

4. Typically, bodies with lower densities have compositions with smaller iron/iron 

sulfide/sulfur cores and with inner silicate mantles and outer ice mantles. The crusts are 

generally ices, except for the denser bodies that have rocky surfaces with traces of 

atmosphere. The outer ices are composed of the most common elements and 

compounds in the solar system: O2, N2, H20, CO2, NH3, and CH4. s t 

In order to provide enough kinetic energy to knock Earth into another orbit, but not too much 

energy to completely destroy the very molten, young Earth, the Impactor parameters are 

chosen to be: 

Mean density = 2.50 g/cm3, 
Volume = 10.0 x1010 km3, 
Radius = 2880 km, 
Mass = 0.25 x 1024 kg 
Composition = soft small iron/iron sulfide core; molten silicate mantle of 1750 km radius and an 
outer mantle of hard ices.  

F. Impact Velocity Calculation  
A planetary impact velocity is the sum of the escape velocity from Earth, the escape velocity 

ŦǊƻƳ ǘƘŜ {ǳƴ ŀǘ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊōƛǘΣ ǘƘŜ ŜǎŎŀǇŜ ǾŜƭƻŎƛǘȅ ƻŦ ǘƘŜ ƛƳǇŀŎǘƛƴƎ ōƻŘȅ ƛŦ ǎǳŦŦƛŎƛŜƴǘƭȅ ƭŀǊƎŜΣ 

and the motion of the Earth around the Sun. Hence, 

ve-Earth = 9ŀǊǘƘΩǎ ŜǎŎŀǇŜ ǾŜƭƻŎƛǘȅ Ґ ммΦн ƪƳκǎ 

vEarth = Earth orbital speed = 18.5 km/s at 2.7 AU from the Sun 

ve-Sun Ғ {ǳƴΩǎ ŜǎŎŀǇŜ ǾŜƭƻŎƛǘȅ Ғ н6.3 km/s at 2.7 AU from the Sun 

ve-Impactor Ґ ҞόнDaκǊύ ǿƘŜǊŜ: G = gravitational constant; 

     M = mass of Impactor; and  

     r = radius of Impactor 

  Ґ Ҟόн Ȅ сΦстп Ȅ мл-20 km3 kg-1 s-2 x 0.25 x 1024 kg / 2850 km)  

  Ґ ҞόммΦунύ ƪƳ2/s2 

  = 3.43 km/s 
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vI = impact velocity  

  Ґ Ҟώό ǾEarth)2 + (ve-Earth + ve-Sun + ve-Impactor)2];  the 9ŀǊǘƘΩǎ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƛǎ ŀǎǎǳƳŜŘ 

  to be 90 degrees to the impact velocity;  hence the two vectors are added to achieve a 

  resultant vector.   

  Ґ Ҟώό муΦрύ2 + (11.2 + 26.3 + 3.4)2] km/s 

  Ґ Ҟόопн Ҍ мстоύ ƪƳκǎ 

  = 44.9 km/s 

IŜƴŎŜΣ пр ƪƳκǎ ōŜŎƻƳŜǎ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ƛƳǇŀŎǘ velocity. This velocity seems to be a reasonable 

value when comparing it with other known impact velocities. 

G. Calculations for the Collision Impulse and Linear Momentum 

Change 
! ǎƛȊŀōƭŜ ƻōƧŜŎǘ ŎŀƭƭŜŘ ǘƘŜ LƳǇŀŎǘƻǊ ǎǘǊƛƪŜǎ ǘƘŜ 9ŀǊǘƘ ŀƴŘ ŜƳōŜŘǎ ƛǘǎŜƭŦ ƛƴǎƛŘŜ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ 

causing a resulting change in the linear momentum of the combined objects. Various linear 

momentums equal to the mass of the body (m) times the velocity of the body (u or v) are 

calculated. The impulse of collision is equal to the force times the length of time the force acts (F 

x t). However, the impulse will be determined by setting F x t = change in momentum = m (vt ς 

vo). The original momentum of the Impactor is set equal to m2u2. The original momentum of 

Earth is set equal to m1u1. 

The impulse of the Impactor cƻƳǇƭŜǘŜƭȅ ǇŜƴŜǘǊŀǘƛƴƎ ǘƘŜ 9ŀǊǘƘΩǎ ŎǊǳǎǘ ŀƴŘ ƳŀƴǘƭŜ ƛǎ ŜǎǘƛƳŀǘŜŘ ǘƻ 

be equal to m2u2. ¢ƘŜ ƛƳǇǳƭǎŜ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ōŜƛƴƎ ŘƛǎǇƭŀŎŜŘ ōȅ ƳƻǾƛƴƎ ŘƻǿƴǿŀǊŘ ŀƴŘ 

mostly sideways is estimated to be equal to m3u2. ¢ƘŜ 9ŀǊǘƘΩǎ ŘƛǎǇƭŀŎŜŘ ƳŀƴǘƭŜ ƳŀǎǎΣ Ƴ3, is set 

eqǳŀƭ ǘƻ ǘƘŜ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ŘŜƴǎƛǘȅ ǘƛƳŜǎ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ǾƻƭǳƳŜΦ The following Diagram A 

graphically represents the resolution of these momentum vectors. 
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Diagram A: Resolving Impulse of Impact and Momentum Vectors 

Condition before Impact: 

 

Condition at End of Impact: 

 

  

m2u2 

m1u1 
 ᷄Ғ ǳƴŎƘŀƴƎŜŘ 

m1 u1 

m2 u2 

m3 u2 
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Resolution of Vectors: 

 

m1u1  = (5.97 ς 0.25) x 1024 kg x 18.5 km/s Ґ 9ŀǊǘƘΩǎ ƳƻƳŜƴǘǳƳ 

  = 5.72 x 1024 kg x 18.5 km/s 

  = 105.8 x 1024 kg km/s 

m2u2  = 0.25 x 1024 kg x 45 km/s Ґ LƳǇŀŎǘƻǊΩǎ ƳƻƳŜƴǘǳƳ 

  = 11.25 x 1024 kg km/s 

V2  = the volume of the Impactor  

  = m2κ2̀ (mass/density)  

  = 0.25 kg x 1024 kg/2.50 g/cm3 

  = 10.0 x 1010 km3 (Ganymede is 7.6 x 1010 and Mars is 16.3 x 1010)  

r2  = radius of Impactor = 3ҞώόоκпˉύȄ ±2]  

  = 3ҞώлΦноф Ȅ лΦмлл Ȅ мл21 m3] = 3ҞώлΦноф x 1021 m3] 

  = 0.288 x 107 m  

  = 2880 km (Ganymede is 2634 km and Mars is 3398 km)  

m3 Ґ ˋ1 x V2 (average ŘŜƴǎƛǘȅ ƻŦ 9ŀǊǘƘΩǎ upper and lower mantle x volume of Impactor)  

  = [(5.6 + 3.4)/2] x 10.0 x 1010 km3  

  = 4.5 g/cm3 x 10.0 x 1010 km3 = 0.45 x 1024 kg 

m2u2  Ґ ƛƳǇǳƭǎŜ ǘƻ ŎƻƳǇǊŜǎǎ ŀƴŘ ǇǳǎƘ LƳǇŀŎǘƻǊ ƛƴǘƻ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ Ғ LƳǇŀŎǘƻǊΩǎ ƻǊƛƎƛƴŀƭ 

momentum 

= 0.25 x 1024 kg x 45 km/s 

= 11.25 x 1024 kg km/s 

  

R 

m1u1 

m2u2 + m2u2 + m3u2 = 

(2 x m2 + m3) u2 

N 

S 

W 

E 
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m3u2  Ґ ƛƳǇǳƭǎŜ ǘƻ ŘƛǎǇƭŀŎŜ ŀƴŘκƻǊ ŎƻƳǇǊŜǎǎ 9ŀǊǘƘΩǎ ƳŀƴǘƭŜ ǘƻ ƳŀƪŜ ǊƻƻƳ ŦƻǊ ǘƘŜ LƳǇŀŎǘƻǊ  

  volume 

  = 0.45 x 1024 kg x 45 km/s 

  = 20.25 x 1024 kg km/s 

Resolving the components of linear momentum:  

The north-south components of momentum after factoring 10% energy losses add to:  

ң ans  = 0.9 (11.25 + 11.25 + 20.25) kg km/s = 38.48 kg km/s 

The east-west components of momentum after factoring 10% energy losses add to:  

ң aew  = 0.9 (105.8 x 1024) kg km/s = 95.22 kg km/s 

R  = the resultant linear momentum  

  Ґ Ҟώ όфрΦннύ2 + (38.48)2 ϐ Ґ ҞώмлΣрпуϐ 

  = 102.7 x 1024 kg km/s 

vR  = resultant velocity of combined Earth and Impactor  

  = R/(m1 + m2)  

  = (102.7 x 1024 kg km/s) / (5.97 x 1024 kg)  

  = 17.20 km/s 

Direction of R: tan  = 38.48/95.22 = 0.404 

 = 22 degrees pointing inward from its present orbit and co-planar with the other planetary 

orbits.  

The new resultant velocity with it inward direction needs to meet the restrictions of ǘƘŜ {ǳƴΩǎ 

gravitational field. Hence, the following concepts are discussed. 

vc  = orbital velocity  

  Ґ ҞόƎǊύ  

  = lowest possible orbit which is circular where g is the acceleration of gravity and the 

  orbital radius is r. y 

ve  = escape velocity  

  Ґ Ҟн Ȅ Ǿc  

  Ґ ҞόнƎǊύ  

  Ґ ҞόнDaκǊύ  

  = minimum orbital velocity for an open orbit which has either a parabolic or hyperbolic  

  trajectory. G is the gravitational constant and M ƛǎ ǘƘŜ {ǳƴΩǎ ƳŀǎǎΦ y 

vo  = any velocity for closed elliptical or circular orbit where: vc Җ  vo < ve 
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Hence, vR for the new trajectory of this impacted Earth needs to meet this restriction; 

otherwise, the Earth will keep falling into the Sun or escape the solar system via an open orbit. 

²ƘŜƴ ǘƘŜ ƛƳǇŀŎǘŜŘ 9ŀǊǘƘ ŎƻƳŜǎ ŎƭƻǎŜ ǘƻ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ ƛǘ ƴŜŜŘǎ ǘƻ ōŜ ƘƛƎƘŜǊ ōǳǘ ŎƭƻǎŜǊ ǘƻ 

the value of vc ƛƴ ƻǊŘŜǊ ǘƻ ǊŜǘŀƛƴ ŀƴ ŜƭƭƛǇǘƛŎŀƭ όŀƭƳƻǎǘ ŎƛǊŎǳƭŀǊύ ƻǊōƛǘ ǿƛǘƘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΦ  

Refer to the plotted graph, Diagram B, which shows roughly to scale the inward spiraling 

trajectory and the source of some of the data used in the next set of calculations. Different 

Ǉƻƛƴǘǎ ŀǊŜ ǎŜƭŜŎǘŜŘ ŀƭƻƴƎ 9ŀǊǘƘΩǎ ǘǊŀƧŜŎǘƻǊȅ ŀǎ ǎƘƻǿƴ ƛƴ 5ƛŀƎǊŀƳ .Φ Energy conservation 

ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǊŜ ƳŀŘŜ ŦƻǊ 9ŀǊǘƘΩǎ Ƴƻǘƛƻƴ ōŜǘǿŜŜƴ ŜŀŎƘ ƻŦ ǘƘŜ ǎŜƭŜŎǘŜŘ Ǉƻƛƴǘǎ Ім ǘƘǊƻǳƎƘ ІпΦ 

The new trajectory of Earth brings it approximately 0.4 AU closer to the Sun at the intersection 

of its tangent line with a radius line from the Sun. At this point #1 escape veloŎƛǘȅ ŦǊƻƳ ǘƘŜ {ǳƴΩǎ 

gravity is: 

ve1  = ҞόнDaκǊ1)  

  Ґ ҞόнDaύ Ȅ ҞόмκǊ1) where r1 = 2.7 ς 0.4 = 2.3 AU 

  = Ҟόн Ȅ сΦстп Ȅ мл-20 km3 kg-1 s-2 x 1.99 x 1030 ƪƎύ Ȅ ҞϑόмκнΦо!¦ύ Ȅ όм!¦κмпфΣрфтΣутл ƪƳύϒ 

  = ҞόнсΦрсо Ȅ мл10 km2 s-2 Ȅ ҞόлΦнфн Ȅ мл-8) 

  = ҞόрΦмрп Ȅ мл5) x (0.539 x 10-4) km/s 

  = 27.8 km/s 

!ǘ ǘƘƛǎ ǎŀƳŜ Ǉƻƛƴǘ Ім ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ŦǊƻƳ ǘƘŜ {ǳƴΩǎ ƎǊŀǾƛǘȅ ƛǎ: 

vc1  = ve1 κ Ҟόнύ  

  = (27.8 km/s) / 1.414  

  = 19.66 km/s 

The Earth has fallen closer to the Sun by 0.04 AU at point #1. The conservation of energy is 

applied by summing the potential and kinetic energies before and after. 

ң 9i  = (K + Ug)i  

  = sum of energies at initial point 

ң 91  = (K + Ug)1  

  = sum of energies at point #1 

Hence: K1 = Ki + (- U1) - (-Ui ) 

Then: ½ m(v1)2
 = ½ m(vR)2 + (- GMm/r1) - (- GMm/rR) 

/ŀƴŎŜƭƛƴƎ ǘƘŜ άƳΩǎέ ŀƴŘ ǎƻƭǾƛƴƎ ŦƻǊ άǾ1έ yields: 

v1 = Ҟ ώ ǾR
2 + 2 GM ( 1/r1 ς 1/rR ) ] 
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Diagram B: A Graph of Earth's Trajectory after Impact 
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Solving for v1 Ґ ǾŜƭƻŎƛǘȅ ŀǘ Ǉƻƛƴǘ Ім ŀŦǘŜǊ ŎŀƴŎŜƭƛƴƎ ǘƘŜ άƳέ ǾŀƭǳŜǎ:  

v1 Ґ Ҟ ώόмтΦнύ2 + (2 x 6.674 x 10-20 km3 kg-1 s-2 x 1.99 x 1030 kg) x (1AU/149,597,870 km) x 

    (1/2.3 AU ς 1/2.7 AU) ] 

v1  Ґ Ҟ ώнфс Ҍ όмт75 x {0.4348 ς 0.3704})] = Ҟ ώ нфс Ҍ 114.3 ]=  20.26 km/s 

v1 is more  than orbital velocity at point #1, and, hence, the displaced Earth continues to fall 

inward on a spiral path.  

The Earth at point #1 continues to fall toward the Sun at v1 = 20.26 km/s.  Point #2 is chosen 

where the Earth has fallen another 0.4 AU closer or 2.7 AU ς 0.8AU = 1.9 AU from the Sun. The 

escape velocity is now:  

ve2  Ґ ҞόнDaκǊ2ύ Ґ ҞόнDaύ Ȅ ҞόмκǊ2) where r2 = 2.7 ς 0.8 = 1.9 AU 

  = Ҟόн Ȅ сΦстп Ȅ мл-20 km3 kg-1 s-2 x 1.99 x 1030 kg)  

   Ȅ ҞϑόмκмΦф !¦ύ Ȅ όм!¦κмпфΣрфтΣутл ƪƳύϒ 

  = ҞόнсΦрсо Ȅ мл10 km2 s-2 Ȅ ҞόлΦорн Ȅ мл-8) 

  = (5.154 x 105) x (0.594 x 10-4) km/s 

  = 30.6 km/s 

The orbital velocity at point #2 is:  

vc2  = ve1 κ Ҟόнύ Ґ олΦс κ мΦпмп 

  = 21.64 km/s 

The conservation of energy is applied again for going from point #1 to point #2 where r1 = 2.3 

AU and r2 = 1.9 AU.  

 

v2 Ґ  Ҟ ώ Ǿ1 
2 + 2 GM ( 1/r2 ς 1/r1 ) ] 

 Ґ  Ҟ ώ όнлΦнсύ2 + ( 2 x 6.674 x 10-20 km3 kg-1 s-2 x 1.99 x 1030 kg ) x (1AU/149,597,870 km) x 

    (1/1.9 AU ς  1/2.3 AU) ] 

v2   Ґ Ҟ ώпмлΦр Ҍ όмт75 x {0.5263 ς лΦпопуϒύϐ Ґ  Ҟ ώ пмлΦр Ҍ мснΦ4] 

  =  23.93 km/s 

bƻǿ 9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ ŀǘ Ǉƻƛƴǘ Ін ƛǎ ōŜǘǿŜŜƴ ǘƘŜ ƳƛƴƛƳǳƳ ŜǎŎŀǇŜ ǾŜƭƻcity and orbital velocity. 

Hence, Earth is continuing to spiral inward.  

! ǘƘƛǊŘ Ǉƻƛƴǘ ƛƴ ƛǘǎ ǘǊŀƧŜŎǘƻǊȅ ƛǎ ŎƘƻǎŜƴ ŀǘ ŀƴƻǘƘŜǊ ҟǊ Ґ лΦп !¦ ŎƭƻǎŜǊ ǘƻ ǘƘŜ {ǳƴ ƻǊ нΦт ς 1.2 = 1.5 

AU from the Sun which is now the orbital distance of Mars.  Of course, a collision with Mars or a 

ǎǘǊƻƴƎ ŜŦŦŜŎǘ ƻƴ ƛǘǎ ƻǊōƛǘ ƻǊ ŀƴ ŜŦŦŜŎǘ ƻƴ ǘƘŜ 9ŀǊǘƘΩǎ ǘǊŀƧŜŎǘƻǊȅ ǿŀǎ ŀǾƻƛŘŜŘ ǎƛƴŎŜ aŀǊǎΩ Ǉƻǎƛǘƛƻƴ 

was more than likely far enough away or evenΣ ǇǊƻōŀōƭȅ ƻǇǇƻǎƛǘŜ 9ŀǊǘƘΩǎ ŎǊƻǎǎƛƴƎΦ 

The escape velocity with respect to the Suƴ ŀǘ aŀǊǎΩ ƻǊōƛǘal position is:  
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ve3  = 34.1 km/s 

The orbital velocity is:  

vc3  = ve3 κ Ҟόнύ  

  = 24.11 km/s which is the orbital velocity of Mars. 

Applying the conservation of energy for Earth going from point #2 to point #3 where r2 = 1.9 AU 

and r3 = 1.5 AU.  

v3  =  Ҟ ώ Ǿ2 
2 + 2 GM ( 1/r3 ς 1/r2) ] 

 Ґ  Ҟ ώ όноΦфрύ2 + ( 2 x 6.674 x 10-20 km3 kg-1 s-2 x 1.99 x 1030 kg ) x (1AU/149,597,870 km) x 

    (1/1.5 AU ς  1/1.9 AU) ] 

 v3 Ґ  Ҟ ώ рт2.6 + (1775 x { 0.6667 ς лΦрнсо ϒ ύ ϐ Ґ  Ҟ ώ рт2.6 + 249.2 ] =  28.67 km/s 

Again, the Earth is still spiraling inward having a value between escape and orbital velocities. 

The escape velocity with respect to the Sun near tƘŜ ŀǇǇǊƻŀŎƘƛƴƎ aƻƻƴΩǎ ƻǊōƛǘ ƛǎΥ  

ve4  = 42.1 km/s  

The orbital velocity is:  

vc4  = ve4κҞόнύ  

  = 42.1/1.414 

  = 29.77 km/s which is basically that of the current Moon and Earth. 

Applying the conservation of energy once again for the Earth moving from point #3 to point #4 

where r3 = 1.5 AU and r4 = 1.1 AU: 

v4  Ґ  Ҟ ώ όнуΦ67)2 + ( 2 x 6.674 x 10-20 km3 kg-1 s-2 x 1.99 x 1030 kg ) x (1AU/149,597,870 km) x 

    (1/1.1 AU ς  1/1.5 AU) ] 

  Ґ  Ҟ ώ ун2.0+ (1775 x { 0.9091 ς  лΦссст ϒ ύ ϐ Ґ  Ҟ ώ ун2.0 +  430.3 ] 

 v4 =  35.39  km/s 

A tabulation of the previous results of a falling Earth follows.  

Point or 
position 

Description AU from 
the Sun 

9ŀǊǘƘΩǎ 
velocity, v 
km/s 

Orbital 
velocity,  
vc km/s 

Escape 
velocity,  
ve km/s 

0 Original orbit in Main Belt 2.7 18.5(17.2)*  18.2 25.7 

1 New trajectory tangent to 
radius from Sun 

2.3  20.26 19.7 27.8 

2 Incrementing trajectory 
position every 0.4 AU 

1.9  23.93 21.6 30.6 

3 Position when crossing 
aŀǊǎΩ ƻǊōƛǘ 

1.5 28.67 24.0 34.1 

4 !ǇǇǊƻŀŎƘƛƴƎ aƻƻƴΩǎ ƻǊōƛǘ  1.1  35.39 30.0 42.1 
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The escape velocity of Earth in its original orbit is - 

ve0  Ґ ҞόнDaκǊ0ύ Ґ Ҟϑόн Ȅ моΦну Ȅ мл10)/(2.7 AU x  149 x 106)}  

  = 25.7 km/s 

¢ƘŜƴ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƛǎ - 

vco  = veoκҞόнύ  

  Ғ 18.2 km/s 

*  9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ ŀŦǘŜǊ ƛǘ ŎƻƭƭƛŘŜŘ ǿƛǘƘ ŀ ǊƻƎǳŜ ǇƭŀƴŜǘ ƛǎ ŎƻƳǇǳǘŜŘ ŀǎ мтΦн ƪƳκǎ ǿƛǘƘ ŀƴ ƛƴǿŀǊŘ 

trajectory. 

The calculations and above tabulation reveal a possible scenario. Also, refer to the graph of 

Diagram B; the velocity of Earth increased as it fell toward the Sun exceeding orbital velocity at 

all points #1, #2, #3, and #4, thus assuring an elliptical orbit but never exceeding escape velocity.  

¢ƘŜ 9ŀǊǘƘ ǇŀǎǎŜŘ aŀǊǎΩ ƻǊōƛǘŀƭ ǊŜƎƛƻƴ ŀǘ ŀƴ ƻōƭƛǉǳŜ ŀƴƎƭŜ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ aŀǊǘƛŀƴ ƻǊōƛǘŀƭ 

path. Perhaps aŀǊǎ ǿŀǎ ŦŀǊ ŜƴƻǳƎƘ ŀǿŀȅ ǎƻ ŀǎ ƴƻǘ ǘƻ ǎŜǊƛƻǳǎƭȅ ǇŜǊǘǳǊō ǘƘŜ 9ŀǊǘƘΩǎ ǘǊŀƧŜŎǘƻǊȅ or 

aŀǊǎΩ ƻǊōƛǘ.  

At about 1.1 AU ǘƘŜ 9ŀǊǘƘ ǿŀǎ ǾŜŎǘƻǊŀƭƭȅ ǾŜǊȅ ŎƭƻǎŜ ǘƻ ŀ ǘŀƴƎŜƴŎȅ ǿƛǘƘ ǘƘŜ {ǳƴΩǎ ǊŀŘƛǳǎ ŀǎ 

revealed by Diagram B. The calculation indicates that Earth was traveling faster than the orbital 

velocity determined to be 30 km/s at one AU. The Earth was destined to follow a more elliptical 

orbit than the Moon at this position with its faster velocity computed at about 35 km/s. 

However, the Earth most probably passed close enough to the Moon on its first orbit for the two 

bodies to have a close encounter and become connected gravitationally.  The first few 

thousands of ǇŀǎǎƛƴƎǎ ƻŦ ǘƘŜ ǘǿƻ ǇƭŀƴŜǘǎ ƛƴ ǇŀǊŀƭƭŜƭ ƻǊōƛǘǎ ǎƭƻǿŜŘ ǘƘŜ 9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ as it 

passed the Moon each time.  This initial energy exchange is approximated in a following 

calculation in Section H.  

The Earth and Moon would forever become captured within the same orbit after energy 

transfer took place as the faster Earth passed the Moon during a certain number of orbits. 

5ǳǊƛƴƎ ŜŀŎƘ ǇŀǎǎƛƴƎ ǘƘŜ 9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ reduced incrementally until their orbital speeds and 

orbital ellipses became well matched. In turn, the Moon exchanged higher and lower orbits 

during each passing to conserve the transfer of energy and momentum.   

Another conservation of energy calculation checks the overall results of the Earth changing 

orbits immediately after its impact. This calculation accounts for the entire re-location of Earth 

ŦǊƻƳ ǘƘŜ ŀǎǘŜǊƻƛŘǎΩ aŀƛƴ .Ŝƭǘ ǘƻ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΦ  

ң 9ƴŜǊƎƛŜǎ  = Ko + (-Ug)o = initial energies = Kf + (-Ug)f  = final energies 

   = ½ m(vo)2 + (-GmM)/ro  

   = ½ m(vf)2 + (-GmM)/rf , and then ŎŀƴŎŜƭƛƴƎ ǘƘŜ άƳέ ǾŀƭǳŜǎ 

   = (v0)2/2 + (-GM) /r o  
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   = (vf)2 /2  + (-GM)/rf  where rf = 1.1 AU; r0 = 2.7 AU;  vf = 35.39 km/s 

   and vo = 17.2 km/s. 

   = (17.2)2/2 + (-13.28 x 1010 /1.496 x 108) / 2.7  

   = (35.39)2/2 + ( -13.28 x 1010 / 1.496 x 108 )/ 1.1 

   = 148 + (-889)/2.7 = 626 + (-889) / 1.1 

   = 148 ς 330 = -182 =  626 -  808 and re-inserting the value of the mass of 

   Earth into both sides of the equation where m = 5.97 x 1024 kg to obtain 

   the units of energy. 

Ko  = (5.97 x 1024 kg) (148 ) km2/s2  =  884 kg km2/ s2  =  initial kinetic energy 

(-Ug)o  = (5.97 x 1024  kg) (330) km2/s2  = 1970 kg km2/s2  

Kf   = (5.97 x 1024 kg)(626) km2/s2  = 3737 kg km2/ s2  =  final kinetic energy 

(-Ug)f   = (5.97 x 1024 kg)(808) km2/s2  = 4823 kg km2/ s2  =  final potential energy 

ң 9ƴŜǊƎƛŜǎ = Ko + (-Ug)o = 884 -1970 = Kf + (-Ug)f  = 3737 ς 4823 = -1086 kg km2/s2 

The initial and final values are equal and do indicate conservation of energy.  But this single 

equation does not properly integrate the constantly changing kinetic energy, ½ mv2 and 

potential energy, (G m M)/ r. The previous set of equations calculated the changes at various 

positions in the trajectory over smaller units of time thereby integrating better the changing 

ŜƴŜǊƎƛŜǎ ŀǎ ǘƘŜ 9ŀǊǘƘ ǎǇƛǊŀƭǎ ǘƻǿŀǊŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘΦ  

The initial velocity of 17.2 km/s of impacted Earth that was previously computed is critical in 

determining the final velocity as the Earth entŜǊǎ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǊŜƎƛƻƴΦ  If this initial 

velocity is less, theƴΣ ƻŦ ŎƻǳǊǎŜΣ ǘƘŜ 9ŀǊǘƘΩǎ ƛƴƛǘƛŀƭ ǾŜƭƻŎƛǘȅ ǇŀǎǎƛƴƎ ǘƘŜ aƻƻƴ ƛǎ ƭŜǎǎΦ  CƻǊ ǘƘŜ 

rogue planet hitting the Earth at a more oblique angle toward its orbital motion leads to less 

initial velocity ς such as a 450 angle producing a velocity of 16.6 km/s and a 300 angle producing 

a velocity of 16.2 km/s.   

The striking 900 angle of the rogue planet generates 17.2 km/s and produces a better trajectory 

of the Earth toward the solar systemΩǎ center; however, the passing initial velocity of the Earth 

produces a larger difference between the aƻƻƴΩǎ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƻŦ ол ƪƳκǎΦ  The next topic will 

explore how the Moon slows the EarthΩǎ orbital velocity at one AU orbital radius to match the 

aƻƻƴΩǎ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ and allow synchronization of the two bodies. 

  



  Page 47  
Copyright © 2012 Douglas B. Ettinger. All rights reserved. Revised 11/5/2013 

Diagram C: Integrating Energy Changes with Time 

 

Single calculation of Ug & K 

Several calculations over time that 

partially integrate changing Ug & KKKkk 

Ug & K 

Time 

9ŀǊǘƘΩǎ Ŏƻƭƭƛǎƛƻƴ Sharing orbit 

with Moon 
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Diagram D: Depiction of How the Moon and Earth Transfer Energy Until They 
Become Synchronized in Their Orbits 
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H. Calculating the Energies Transferred Between the Earth and Moon  
Lǘ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ 9ŀǊǘƘ ŜƴǘŜǊŜŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǊŜƎƛƻƴ ŀǘ ŀ ǾŜƭƻŎƛǘȅ ŎƭƻǎŜǊ ǘƻ ƻǊōƛǘŀƭ 

velocity of vc = 30 km/s than to the escape velocity of 42.1 km/s. A previous series of 

calculations indicates a possible initial velocity of 35.39 km/s. For the purposes of this 

ŎŀƭŎǳƭŀǘƛƻƴ 9ŀǊǘƘΩǎ ƛƴƛǘƛŀƭ ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅΣ Ǿo = 35 km/s, is chosen.  The following calculation 

shows how a ǇƻǎǎƛōƭŜ ƛƴƛǘƛŀƭ ŎƭƻǎŜ ŜƴŎƻǳƴǘŜǊ ǿƛǘƘ ǘƘŜ ǘǿƻ ǇŀǎǎƛƴƎ ōƻŘƛŜǎ ŘŜŎǊŜŀǎŜŘ ǘƘŜ 9ŀǊǘƘΩǎ 

velocity from 35 km/s to 30 km/s by repeated impulse momentum created by the rapidly 

changing gravitational forces between the two bodies as one passed the other. 

This calculation attempts to show how the transfer of energies with the Moon caused the Earth 

over a long span of time to slow down and match the velocity of the Moon. The primary angular 

momentum change to the Moon is the resulting effect of the Moon orbiting Earth 12 times for 

each orbit around the Sun. 

There are also the angular momentum changes due to changes in rotation of both the Moon 

and Earth through tidal forces. These comparatively much smaller amounts of angular 

momentum changes likely offset each other and are neglected in the first calculation.   

However, when the two bodies become synchronized orbiting together at 30 km/s, these tidal 

forces become important for slowing the rotational velocities and eventually tidal locking one 

side of the Moon toward the Earth.  Another energy conservation equation will then compute 

values in a second calculation for another important energy transfer after the synchronization 

process starts. 

The first calculation ōŜƎƛƴǎ ǿƛǘƘ ŀƴ ƛƳǇƻǊǘŀƴǘ ŀǎǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ Ŏapture being aided by 

ŀ ŎƭƻǎŜ ŜƴŎƻǳƴǘŜǊ ǿƛǘƘ ǘƘŜ aƻƻƴ ǿƘŜƴ ƛǘ ŜƴǘŜǊŜŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘŀƭ ǊŜƎƛƻƴΦ  ¢Ƙƛǎ Ƴŀƛƴ 

assumption will start with 90,000 km = rm for this close encounter which remains mostly the 

ǎŀƳŜ ŦƻǊ ŀƭƭ ƻŦ 9ŀǊǘƘΩǎ ǇŀǎǎƛƴƎǎ ǳƴǘƛƭ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ƻccurs. 

The following data, equations, and assumptions are listed and will be applied to the first 

calculation set: 

mM Ґ aƻƻƴΩǎ Ƴŀǎǎ Ґ тΦо Ȅ мл22 kg 

mE Ґ 9ŀǊǘƘΩǎ Ƴŀǎǎ Ґ рΦфт Ȅ мл24 kg 

vIM Ґ Lƴƛǘƛŀƭ aƻƻƴΩǎ ǾŜƭƻŎƛǘȅ ŘǳǊƛƴƎ ƻƴŜ ǇŀǎǎƛƴƎ ƻŦ ǘƘŜ 9ŀǊǘƘ 

vFM = Final aƻƻƴΩǎ ǾŜƭƻŎƛǘȅ ŘǳǊƛƴƎ ƻƴŜ ǇŀǎǎƛƴƎ ƻŦ ǘƘŜ 9ŀǊǘƘ 

vIE Ґ Lƴƛǘƛŀƭ 9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ ŘǳǊƛƴƎ ƻƴŜ ǇŀǎǎƛƴƎ  

vFE Ґ Cƛƴŀƭ 9ŀǊǘƘΩǎ ǾŜƭƻŎƛǘȅ ŘǳǊƛƴƎ ƻƴŜ ǇŀǎǎƛƴƎ  

1 AU = approx. orbital radius of Moon = 1.496 x 108 km 

1 yr = 31.5 x 106 s (present time for one orbit of Earth) 

ҟaM Ґ ƳƻƳŜƴǘǳƳ ŎƘŀƴƎŜ ƻŦ aƻƻƴ ŘǳŜ ǘƻ 9ŀǊǘƘΩǎ ƎǊŀǾƛǘȅ ŦƻǊŎŜ Ґ ƳM (vFM - vIM ) 

ҟaE  Ґ ƳƻƳŜƴǘǳƳ ŎƘŀƴƎŜ ƻŦ 9ŀǊǘƘ ŘǳŜ ǘƻ aƻƻƴΩǎ ƎǊŀǾƛǘȅ ŦƻǊŎŜ Ґ ƳE (vIE ς vFE ) 

rM = assumed close encounter distance between Moon and Earth = 90,000 km 

vo = orbital velocity  Ғ Ҟ ό Dasun/orbital radius )= Ҟ ό 13.28 x 1010 /r o ) 
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roH Ґ aƻƻƴΩǎ ƘƛƎƘŜǊ ƻǊōƛǘŀƭ ǊŀŘƛǳǎ Ґ мпфΣрфтΣутм ƪƳ Ҍ флΣллл ƪƳ Ґ мпфΣ сутΣутм ƪƳ 

roL Ґ aƻƻƴΩǎ ƭƻǿŜǊ ƻǊōƛǘŀƭ ǊŀŘƛǳǎ Ґ  мпфΣрфтΣутм ƪƳ - 90,000 km = 149, 507,871 km 

voH Ґ aƻƻƴΩǎ ƘƛƎƘŜǊ ƻǊōƛǘŀƭ ǊŀŘƛǳǎ velocity Ґ Ҟό моΦну Ȅ мл10/149,687,871) = 29.77434 km/s 

voL Ґ aƻƻƴΩǎ ƭƻǿŜǊ ƻǊōƛǘŀƭ ǊŀŘƛǳǎ velocity Ґ Ҟό моΦну Ȅ мл10/149,507,871) = 29.79226 km/s 

ҟǾ0 Ґ aƻƻƴΩǎ ŎƘŀƴƎŜ ƛƴ ǾŜƭƻŎƛǘȅ ǿƘŜƴ ŎƘŀƴƎƛƴƎ ƻǊōƛǘǎ Ґ ǾoL - voH = 0.01792 km/s 

It is assumed that the Earth is captured in an elliptical orbit with a semi-major axis that is twice 

the semi-minor axis.  The semi-major axis is the MoonΩǎ ƻǊōƛǘŀƭ ǊŀŘƛǳǎΦ 

a = semi-ƳŀƧƻǊ ŀȄƛǎ ƻŦ 9ŀǊǘƘΩǎ ŜƭƭƛǇǘƛŎŀƭ ƻǊōƛǘ Ґ н Ȅ мпфΦс Ȅ мл6 km = 300 x 106 km. 

Celip Ґ ŀκн Ȅ Ҟό фо Ҍ ѹ Ҟо ύ Ґ 1.453 x 109 km = circumference of the ellipse 

Ccirc Ґ ˉ Ȅ нǊ Ґ сΦну Ȅ мпфΦс Ȅ мл 9km = 0.939 x 109 km = circumference of a circle with r=a/2 

Cratio = Celip /Ccirc = 1.547 

yearL = one average long year for the Earth in an initial elliptical orbit = (1.547 + 1)/2 = 1.27 yr. 

Henceforth, momenǘǳƳ ŎƘŀƴƎŜ ƛǎ ŎƻƴǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ōƻŘƛŜǎ ŀƴŘ ҟaMOON Ґ ҟaEARTH 

and: 

ҟMM = mM Ȅ ҟǾ0  = 7.3 x 1022 kg x 0.01792 km/s = 0.1308 x 1022 kg km/s = mE(vIE ς vFE )  

ҟǾE = (vIE ς vFE ) =  (0.1308 x 1022 kg km/s) / 5.97 x 1024 kg = 0.000219 km/s 

Now the number of times the Earth passes the Moon to slow it from 35 km/s to 30 km/s can be 

determined. 

Number of Earth passes = (35km/s ς 30km/s)/ ҟvE = (5 km/s)/ (0.000219 km/s) = 22,830 times. 

Average number of years for synchronizatiƻƴ Ғ ннΣуол ƭƻƴƎ ȅŜŀǊǎ Ȅ мΦнт ȅŜŀǊǎ Ғ нфΣллл ȅŜŀǊǎΦ 

The Moon covers a total vertical distance of = 2 x 90,000 = 180,000 km for each passing of Earth. 

Assume the Moon takes about ½ year or 0.5 x 31.5 x 106 s = 15.75 x 106 s to move between 

orbits.  The vertical velocity component then becomes Vvertical = 180,000 km / 15.75 x 106 s = 

0.011429 km/s.  This velocity vector component is imperceptible to the lateral or horizontal 

components of voH = 29.77434 km/s and voL = 29.79226 km/s and is ignored in setting the total 

summation of the velocity vector components.  Hence, the balancing of the total change of 

9ŀǊǘƘΩǎ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ Ґ YΦ9Φό9ŀǊǘƘύ  ŀƴŘ ǘƘŜ ǘƻǘŀƭ ŎƘŀƴƎŜ ƻŦ aƻƻƴΩǎ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ Ґ YΦ9Φόaƻƻƴύ 

is now determined. 

K.E.(Earth) = ½ mE x (vFE
2 ς vIE

2) = ½ (5.97 x 1024) x (352 ς 302) 

  = 2.985 x 1024 x (1225 ς 900) = 970 x 1024 kg km2/s2 , and 

K.E.(Moon) = ½ mM x (vFM
2 ς vIM

2) = ½ (7.3 x 1022) x [(29.79226 km/s)2 ς (29.77434 km/s)2] 

  = 3.65 x 1022 x (887.57888 ς 866.51145) = 3.65 x 1022 x 1.067386 

  = 0.03896 x 1024 kg km2/s2 for each passing of Earth. 

K.E.(Moon) = K.E.(Earth) = 970 x 1024 kg km2/s2 
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Hence, the number of passings of Earth = 970 x 1024 kg km2/s2 / 0.03896 x 1024 kg km2/s2 = 

нпΣуфт ǘƛƳŜǎΦ  ¢ƘŜ ƴǳƳōŜǊ ƻŦ ȅŜŀǊǎ ŦƻǊ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ Ғ 24,флл ƭƻƴƎ ȅŜŀǊǎ Ȅ мΦнт ȅŜŀǊǎ Ғ 

31,600 years. 

In conclusion, transfer of momentum between the Moon in its established orbit and the faster 

passing Earth is dependent upon the mass difference betweŜƴ ǘƘŜ ǘǿƻ ōƻŘƛŜǎΣ ǘƘŜ {ǳƴΩǎ ƎǊŀǾƛǘȅΣ 

the close-ŜƴŎƻǳƴǘŜǊ ŘƛǎǘŀƴŎŜΣ ŀƴŘ ǘƘŜ 9ŀǊǘƘΩǎ ƛƴƛǘƛŀƭ velocity vector leaving its original orbit 

between Mars and Jupiter.  The main variables or parameters are the close-encounter distance 

of 90,000 km and the 9ŀǊǘƘΩǎ initial orbital velocity of 35 km/s produced by a very rough 

computational analysis.  These assumed parameters yield about 29,000 years by the 

conservation of momentum method and about 32,000 years by the conservation of kinetic 

energy method for the Moon and Earth to become synchronized at the same orbital velocity of 

30 km/s.  At the point of synchronization the Moon begins to orbit the Earth using a wavelike 

trajectory around the Sun. 

The second calculation will analyze what occurs within the Earth-Moon system almost 

immediately after synchronization occurs.  .ƻǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ŀƴŘ aƻƻƴΩǎ Ǌƻǘŀǘƛƻƴǎ ǿƛƭƭ ōŜ ǎƭƻǿŜŘ 

by the immense changing tidal forces caused by the varying gravity forces on their surfaces as 

they spin.  These forces are estimated to cause 1000 meter tides and hurricane winds which 

thoroughly mix the oceans with the rocky surfaces of the newly formed continents.  The forces 

also cause increased earthquakes, volcanism and tectonic plate movements.  Conditions for life 

are unlikely until the two bodies separate enough to reduce tidal forces for a more livable 

condition.  The calculation will estimate how many years is needed to arrive at present day 

conditions and at conditions around 3 billion years ago when the origins of life started and 

about 2.8 billion years ago when multi-ŎŜƭƭ ŀƴƛƳŀƭǎ ŜƳŜǊƎŜŘ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ. 

More very basic assumptions are needed to start this next calculation.  The original rotation of 

the Moon is assumed as 24 hours per day which is comparable to present- day Mars.  Some 

studies in the past 10 years have estimated that the Earth rotated every 6 hours.  Of course, 

9ŀǊǘƘΩǎ ǇǊŜǎŜƴǘ ŎƻƳǇƭŜǘŜ Ǌƻǘŀǘƛƻƴ ƛǎ нп ƘƻǳǊǎ ŀƴŘ ǘƘŜ aƻƻƴΩǎ Ǌƻǘŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ƎǊŜŀǘƭȅ ǊŜŘǳŎŜŘ 

to 12 times every year which is considered as virtually zero spin.  
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The following data, equations, and assumptions are listed and will be applied to the second 

calculation set: 

IEM  = the moment of inertia of the Moon and Earth about the EarthΩǎ ŀȄƛǎ  

  = IE + mMh2 

Where: 

h  = approximate perpendicular distance between the two parallel axes through the 

  centers of gravity of the Moon and Earth. 

  = present distance between Moon & 9ŀǊǘƘ Ғ оупΣплл ƪƳ, and 

mM  Ґ ǘƻǘŀƭ Ƴŀǎǎ ƻŦ ōƻŘȅ Ґ aƻƻƴΩǎ Ƴŀǎǎ Ґ тΦо Ȅ мл22 kg r, and 

IE  = moment of inertia about the axis through center of mass for the Earth 

  = 2/5  mErE
2 for a sphere where 

rE  = EarthΩǎ mean radius = 6371 km r 

IE  = 2/5 ( 5.97 x 1024 kg) x (6371 km)2 

  =  9.69 x 1031 kg km2 

mMh2  = (7.3 x 1022 kg) x (384,400 km)2 

  = 1.08 x 1034 kg km2  

Hence: 

IEM  =  9.69 x 1031 kg km2 + 1080  x 1031 kg km2  

  Ғ 1090 x 1031 kg km2
 

E̟F  = нˉ ǊŀŘƛŀƴǎκ ƻƴŜ Řŀȅ Ґ сΦну ǊŀŘκус,400 s =7.27 x 10-5 radians/second  = 0.727 x 10-4  

  radians/s  =  present angular rotation 

  angular rotational  velocity of Earth 

E̟I = initial angular rotational velocity of Earth  

  Ґ нˉ ǊŀŘians/6 hour-day proposed for the Giant Impact Hypothesis which is too fast 

  = 6.28 rad/21,600 s 

 = 2.91 x 10-4  radians/s  

  = 29.10 x 10-5 radians/s 

E̟I = to be determined 

M̟F Ғ л 

M̟I = initial angular rotational velocity of Moon  

  Ғ  E̟F =  0.727 x 10-4 radians/second  

E̟M = angular orbiting velocity of  Moon  

  Ғ 1 revolution / 27.3 days 

  = όнˉ ǊŀŘƛŀƴǎύκ (27.3 x 24 x 60 x 60 seconds) = 0.0266 x 10-4 radians/s 
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Applying the conservation of kinetic energy of rotation: 

ңEI = sum of all initial rotational energy and potential energy in the Earth-Moon system 

  = ½ IE ̟ EI
2 + ½ IM ̟ MI

2 + (GmEmM / hI) 

ңEF  = sum of all final rotational energy and potential energy in the Earth-Moon system 

  = ½ IE ̟ EF
2 + ½ IM ̟ EM

2 +½ IEM x ̟ EM + (GmEmM / hF) 

½ IE ̟ EI
2 = initial K.E. of rotation for the Earth 

  = ½ (9.69 x 1031 kg km2) (2.91 x 10-4 rad/s)2  

  = 4.10 x 1024 kg km2/s2
    

 ½ IE ̟ EF
2= final K.E. of rotation for the Earth  

  = ½ (9.69 x 1031 kg km2) x ½ (7.27 x 10-5 rad/s)2  

  = 0 .2561 x 1024 kg km2/s2
    

½ IM ̟ MI
2 = initial K.E. of rotation for the Moon 

  = ½ (8.8 x 1028 kg km2)  

  = ½ (8.8 x 1028 kg km2)(7.27 x 10-5 rad/s)2 
  =  0.000232 x 1024 kg km2/s2   

½ IM ̟ MF
2 = final K.E. of rotation for the Moon = 0 

The potential energy loss by the Moon moving away from the Earth is actually determined by 

the {ǳƴΩǎ ƎǊŀǾƛǘȅ ŦƛŜƭŘ or the gravity force between the Sun and Moon.  The Moon is the only 

satellite in the solar system that is held in its orbit by the Sun and not its parent planet. 

Msun  = 1.99 x 1030 kg 

GmMMsun = (6.674 x 10-20) x (7.34 x 1022 kg) x (1.99 x 1030 kg) = 9.695 x 1033 km3 kg s-2  

(GmMMsun / hI) = (9.695 x 1033 km3 kg s-2) / (149,600,000 + 90,000) km 

= 292.5 x 1026 km3kg s-2 /149,690,000 km = 64.767 x 1024 km2 kg s-2  

(GmMMsun / hF) = (9.695 x 1033 km3 kg s-2) / (149,600,000 + 384,400) km 

= 292.5 x 1026 km3kg s-2 /149,984,000 km = 64.640 x 1024 km2 kg s-2  

The term, ½ IEM x ̟ EM , drops away since this kinetic energy of the orbiting Moon already is 

accounted since the impulse momentum of the faster orbiting 9ŀǊǘƘ ŎǊŜŀǘŜŘ ǘƘŜ aƻƻƴΩǎ ƻǊōƛǘ 

when synchronization occurred.  The energies are now added and balanced to solve for the 

ǳƴƪƴƻǿƴ ǾŀƭǳŜ ƻŦ ǘƘŜ ƛƴƛǘƛŀƭ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ ŦƻǳƴŘ ƛƴ the term, (½ IE ̟ EI
2). 

ң 9nergies = (½ IE E̟I
2 ? ) + ½ IM ̟ MI

2 + (-GmMMsun / hI) = ½ IE ̟ EF
2 + (GmMMsun / hF) 

= (½ IE E̟I
2 ?) + 0.000232 x 1024 + (-64.767 x 1024)  

= 0.2561 x 1024 + (-64.640 x 1024) 
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(½ IE ̟ EI
2 ? ) = - 0.000232 x 1024 + 64.767 x 1024 + 0.2561 x 1024 - 64.640 x 1024 

= 0.3829 x 1024 km2 kg s-2 

E̟I
 Ґ Ҟό н Ȅ лΦоунф Ȅ мл24 km2 kg s-2 / 9.69 x 1031 kg km2 ) 

= Ҟό0.790 x 10-8 radians /s) = 0.889 x 10-4radians /s 

time /  1 rev = (нˉ ǊŀŘƛŀƴǎύ κ όлΦууф Ȅ мл-4radians /s)  

   = 70,641 seconds 

The EarthΩǎ initial rotation after finding its new orbit is computed to be 70,641 s /3600 s /hour = 

19.6 hours.  !ŦǘŜǊ ǘƘŜ 9ŀǊǘƘ ōŜŎŀƳŜ ǎȅƴŎƘǊƻƴƛȊŜŘ ǿƛǘƘ ǘƘŜ aƻƻƴ ǘƘŜ 9ŀǊǘƘΩǎ Ǌƻǘŀǘƛƻƴ ƎǊŀŘǳŀƭƭȅ 

slowed to its present 24 hours per rotation. TƘŜ aƻƻƴΩǎ Ǌƻǘŀǘƛƻƴ ǎǘƻǇǇŜŘ ǇǊƻōŀōƭȅ ǊŀǘƘŜǊ 

quickly within thousands of years to become tidally locked with the Earth, because tƘŜ aƻƻƴΩǎ 

kinetic energy of rotation from the computations is a very small fraction of the other energy 

transfers that are involved.  

This rotational speed has good agreement with other known spin speeds in the solar system.  

aŀǊǎΩ Ǌƻǘŀǘƛon period is 24.6 hours.  The outer planets with their larger masses would 

reasonably have greater rotational periods ranging from 9.8 to 17.4 hours.  When Earth was in 

its original orbit it more than likely had a slightly faster rotational period until its major impact 

ǿƛǘƘ ŀ ǊƻƎǳŜ ǇƭŀƴŜǘ ƻŎŎǳǊǊŜŘΦ  aŜǊŎǳǊȅΩǎ ŀƴŘ ±ŜƴǳǎΩ ŀƭƳƻǎǘ ƴƻƴ-existent rotational periods are 

the result of the combination of partial tidal locking with the Sun and large impacts.  

The controversial Giant Impact Hypothesis requires a very fast rotational period for the young 

Earth of 5 to 6 hours.  This model proposes a large Martian-size body struck Earth with a 

glancing blow in order to gain enough angular momentum for the impact debris to accrete into 

an orbiting Moon.  Unfortunately, this type of impact and the required angular momentum of 

the Moon create a very high and inappropriate rotational period for the Earth.  This accelerating 

spin-up would have torn the planet apart.  In the EMM hypothesis the Earth is struck almost 

head-on, but at an oblique angle to the equator.  This type of inelastic collision absorbed most 

of the IƳǇŀŎǘƻǊΩǎ Ƴŀǎǎ ŀƴŘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜ ŀȄial tilt and orbital displacement.  This type of 

collision would have a much smaller effect on the existing rotational period.  The previous 

calculation, that results in 19.6 hours for one rotation that provides for the planet to slow down 

after exchanging energies with the Moon, supports very well the EMM hypothesis and other 

existing parameters of our current solar system.  

Well respected scientific studies proposed that a day in the Devonian geological period 

occurring 419 to 360 million years ago was 2.2 hours less.  In a later period, the Pennsylvanian of 

358 to 298 million years ago, the day length was about 22.4 hours.  The geological and 

paleontological evidence that the Earth rotated faster in the remote past is well supported, but 

ǘƘƛǎ ǇŀǇŜǊ ǎŜǊƛƻǳǎƭȅ ǉǳŜǎǘƛƻƴǎ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǎƭƻǿƛƴƎ ƻŦ ǘƘŜ ǊƻǘŀǘƛƻƴΦ  LŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǇƛƴ ǿŀǎ 

continually decaying for the past 3.8 billion years at the rates purported for the above geological 

periods then the Earth would have almost stopped spinning a long time ago. 
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Other more believable data collected from astronomical studies indicates that the Moon is 

receding approximately 38 mm per yeŀǊΦ  !ǎ ǘƘŜ ǎȅǎǘŜƳΩǎ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ ƻŦ Ǌƻǘŀǘƛƻƴ ŘŜŎǊŜŀǎŜǎΣ 

the potential energy between the Moon and Earth also decreases.  The EarthΩǎ rotation is 

slowing approximately 2 seconds for every 100,000 years based on the previous geological data.  

These phenomena are due to the land and ocean tides raised by the Moon called tidal 

acceleration; thoǎŜ ŦƻǊŎŜǎ ŎƻƭƭŜŎǘƛǾŜƭȅ ǊŜŘǳŎŜ ǘƘŜ 9ŀǊǘƘΩǎ ǊƻǘŀǘƛƻƴΦ  These rates of receding and 

rotational period reduction presumably were in affect 3.8 bya since the Moon began orbiting 

the Earth. 

Hence, the total distance for receding is ς 

dtotal   = (38 mm/yr) x 1 km/106 mm x 3.8 x 109 yr = 144,400 km 

 ҟd   = the present distance of (384,400 km) ς the initial close-encounter 

  distance of (90,000 km) - 144,400 km = 150,000 km  

ҟd  = 150,000 km that is not yet explained.  There must be a reason for this 

   unexplained separation distance. 

bƻǿ ƭŜǘΩǎ ŀǎǎǳƳŜ the Earth has been slowing down 2 seconds every 100,000 years for the past 

3.8 billion years, then the total amount of seconds since that time is ς 

ҟt  = (2 s / 100,000 yrs) x 3.8 x 109 years = 76,000 seconds   or 

  = 76,000 s x 1 hr /3600 s = 21.1 hours which is considered impossible. 

 The Earth should not be super-spinning at (24 hr ς 21.1 hr) = 2.9 hour rotational period; this 

spin speed is much too fast.  This data of 2s /100,000 years is based on geological evidence of 

the Devonian Period that occurred 420 mya.  Hence, 

ҟtDevonion = (2 s / 100,000 yrs) x 420 x 106 years = 8400 seconds = 2.33 hours 

As already mentioned this geological and paleontological data is questionable.  The Earth cannot 

sustain a slowing rate of (2 s / 100,000 years) for 3.8 billion years unless its starting rotation 

period is about 2.9 hours.  This super- fast rotation rate would almost produce an oblate object 

like a hockey puck.  There is no experience of such an object in our solar system. 

However, it is difficult to refute the unexplained separation distance of 150,000 km.  Why did 

not the Earth and Moon keep moving away from each other over the entire period after 

becoming synchronized?  How did this this discrepancy occur?  In fact, the rate of separation 

should have been even higher in the iniǘƛŀƭ ǎǘŀƎŜǎ ǿƘŜƴ ǘƘŜ aƻƻƴ ǿŀǎ ƳǳŎƘ ŎƭƻǎŜǊΦ  [ŜǘΩǎ 

examine a possible process that caused this extra 150,000 km of separation.  The 

synchronization event is re-visited. 

The Earth has been passing the Moon each time pulling the Moon between either a lower or 

upper orbit.  Eventually, the Earth is slowed to the same orbital velocity as the Moon.  During a 
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very short time period the Moon begins orbiting the Earth.  The force of gravity between the 

two bodies now causes the Moon to fall toward the Earth.  The Moon must now gain kinetic 

energy of rotation to both orbit the Earth and keep orbiting the Sun along with the Earth. The 

process is comparable to twirling a stone on the end of a string.  The more rotational energy 

given to the string, the more the stone rises into a larger diameter orbit with faster velocity. 

The Moon did not originally have an orbital velocity around Earth except for a slightly increased 

velocity when it was changing orbits while orbiting the Sun.  Now the Moon must add a vector 

to its overall velocity to orbit the Earth that now stays in its vicinity instead of passing.  This 

ƻǊōƛǘŀƭ ǾŜƭƻŎƛǘȅ ƛǎ ŎǳǊǊŜƴǘƭȅ мΦлнн ƪƳκǎΦ  ¢ƘŜ ǊŀŘƛŀƴǎκǎ ƻŦ ǘƘƛǎ ƻǊōƛǘ ƛǎ ᷄ Ґ orbital velocity /orbital 

radius = (1.022 km/s) / 384,000 km = 2.66 x 10-6 rad/s.  The average orbital velocity is assumed 

as (0 + 1) /2 = 0.5 km/s when the Moon was moving outward from its initial distance from the 

Earth at 90,000 km.  Hence, the following third calculation set of computations and assumptions 

follow: 

The distance the Moon moved outward while generating its orbit around the Earth is assumed 

to be the questionable 150,000 km mentioned previously.  So its final orbital radius after 

synchronization is assumed to be ς 

hf  = 90,000 + 150,000 = 240,000 km, and of course the existing orbital radius is 

he  = 90,000 + 150,000 + 144,400 = 384,400 km where the 144,400 value represents 

  the unrelenting 38 mm/year that the Moon is moving away from Earth for the 

  past 3.8 billion years assuming an approximate constant rate. 

vM avg  Ғ 0.5 kƳκǎ ŘǳǊƛƴƎ aƻƻƴΩǎ ŘƛǎǇƭŀŎŜƳŜƴǘ ŦǊƻƳ флΣллл ǘƻ нплΣллл ƪƳκǎΦ 

f᷄ = average Ŧƛƴŀƭ ǊŀŘƛŀƴǎκǎ ƻŦ aƻƻƴΩǎ ƻǊōƛǘ ŀǊƻǳƴŘ 9ŀǊǘƘ Ґ ǾM avg /hf 

 = (0.5 km/s) / (240,000 km) = 2.083 x 10-6 rad/s 

K.E.ri = initial kinetic energy of orbiting Moon did not exist = 0 

K.E.rf = average final kinetic energy of orbiting of Moon and Earth rotating around the 

9ŀǊǘƘΩǎ ŀȄƛǎ after the Moon attains an orbital radius of 240,000 km. 

= ½ ( IE + mM x hf
2 ύ ό᷄f)2 

= ½ [9.69 x 1031 kg km2 + 7.3 x 1022 kg x (240,000 km)2] x (2.083 x 10-6 rad/s)2 

= ½ [ 430.19 x 1031 ] x (4.339 x 10-12) = 933.3 x 1019  

= 0.933 x 1022 kg km2/s2 

P.E.i = initial potential energy between the Earth and Moon = GmMmE / hi 

= (6.674 x 10-20 x 7.34 x 1022 x 5.97 x 1024) / 90,000 km 

= (292.5 x 1026 km3 kg/s2) / 90,000 km 

= 32.50 x 1022 kg km2/s2 
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P.E.f = final potential energy between the Earth and Moon = GmMmE / hf 

= (292.5 x 1026 km3 kg/s2) / 240,000 km 

= 12.19 x 1022 kg km2/s2 

K.E.rf (total) = factor M x 0.933 x 1022 kg km2/s2 = P.E.i  - P.E.f   

= 32.50 x 1022  - 12.19 x 1022 

= 20.31 x 1022 kg km2/s2   

Factor M  = 20.31 x 1022 / 0.933 x 1022 = 21.76  where άFactor Mέ represents the 

approximate number of total orbits of the Moon required to achieve an energy 

balance due to the gravity force and given motions based on a simple averaging 

method. 

In other words, the Moon spiraled outward for about 22 orbits before acquiring a stable orbit 

around the Earth - almost immediately after the Earth eventually slowed within close range of 

30 km/s and was traveling parallel at 90,000 km from the Moon.  This outward motion covered 

about 150,000 km in about two years.  At this location of 240,000 km the Moon slowly recedes 

over the next 3.8 billion years at 38 mm / year to cover an additional separation distance of 

144,400 km due to steady tidal accelerations between the two bodies.  Currently at 384,400 km 

away from Earth the Moon continues to move away every year as the Earth very slowly reduces 

its rotational period.  The measurement of this reduction rate is very much in question. 

Now a total scenario or timeline can be created to outline the Earth-Moon system capture mode 

ŀƴŘ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ǇǊƻŎŜǎǎ ŦǊƻƳ ǘƘŜ ǘƛƳŜ ǘƘŜ 9ŀǊǘƘ ƳƻǾŜŘ ƛƴǘƻ ǘƘŜ aƻƻƴΩǎ ǇǊƛƳƻǊŘƛŀƭ ƻǊōƛǘ 

3.8 billion years ago to the present time. 

Summary and Timeline for the Earth-Moon Capture Mode and 

Synchronization Process  

Event 109 yrs 
ago 

Distance 
Apart- km 

aƻƻƴΩǎκ9ŀǊǘƘΩǎ 
Velocity ς km/s 

9ŀǊǘƘΩǎ 
Rotation 

aƻƻƴΩǎ  
Rotation 

Milestones 

Earth enters 
aƻƻƴΩǎ 
orbital region 
 

3.9 90,000 30 / 35 19.6 hrs 24 hrs 9ŀǊǘƘΩǎ ƭŀƴŘ  
surface red hot; 
oceans boiling 

Earth slows to  
ƳŀǘŎƘ aƻƻƴΩǎ  
orbital velocity 

+ 29,000 
years 

90,000 30 / 30 19.6 hrs 24 hrs Earth cooled, 
but active 
volcanism and 
tectonics 

Moon begins to  
orbit the Earth 
spiraling outward 

Ғ22 Moon 
orbits 
around 
Earth 
 

90,000 + 
150,000 = 
240,000 

30 / 30 19.6 hrs 24 hrs Severe tides: 
hurricane winds 
and 1000 m 
ocean tides 
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The values for Earth slowing from 35 to 30 km/s; and for the Moon moving outward by 294,400 

km; and for the Moon to become synchronized with Earth after orbiting 29,000 to 32,000 times 

or approximate years of timeΤ ŀƴŘ ŦƻǊ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ Ǌƻǘŀǘƛƻƴ ƻŦ мфΦс ƘƻǳǊǎ are all 

reasonable values. This scenario provides the angular momentum for the Moon orbiting Earth 

and why the Moon acts more like a planet instead of a planetary satellite.  No current models 

can provide this necessary angular momentum for the Moon and an adequate capture mode 

except for ǘƘŜ 9ŀǊǘƘΩǎ aŜǘŀƳƻǊǇƘƻǎƛǎ ό9aaύ ƘȅǇƻǘƘŜǎƛǎ with its collision and capture modes. 

I. Drawing of Cross -Section of the Earth and Rogue Planet Impactor 

after Collision  
See Diagram E for this cross-section. 

The moon, Ganymede, is the guide for determining the assumed cross-section of the Impactor 

body. This Moon has a mean radius of 2634 km (0.413 Earths) and a volume of 7.6 x 1010 km3 

(0.0704 Earths). Ganymede has a rigid ice crust with an outer ice mantle 800 to 1000 km thick 

and an inner silicate with a 950 to 1150 km thickness. The iron sulfide and iron core has a solid 

portion 500 km radius and a liquid portion of 800 km radius. t   

¢ƘŜ LƳǇŀŎǘƻǊΩǎ ŀǎǎǳƳŜŘ ƳŜŀƴ ǊŀŘƛǳǎ ƛǎ нуул ƪƳ ǿƛǘƘ ŀ ǾƻƭǳƳŜ ƻŦ млΦл Ȅ мл10 km3. Hence, the 

Impactor/Ganymede ratio is 2880/2634 = 1.093. The core structure of the two bodies remains 

the same. The ratio is applied to the inner and outer mantle radii. 

The data for the Earth is 6378 km for the mean radius with a volume = 1.083 x 1012 km3. The 

solid core is 1280 km radius, the liquid portion of the core is 3490 km radius, and the mantle is 

5680 km radius. What remains is a 700 km thickness that includes the lithosphere with the crust 

and the athenosphere. r 

  

Steady tidal 
accelerations 
occur between  
Earth & Moon; 
aƻƻƴΩǎ ƳŀǊŜǎ 
begin to solidify 

2.9 to 
3.0 

270,000 30/30 ü  > > 24 hrs Collisional  
debris(asteroids) 
mostly swept 
away; 
bacterial life 
starts 
 

Moon becomes 
tidally locked 

2.7 to 
2.8 

278,000 30/30 > 20 hrs Ғ л ƘǊǎ Multi-cellular 
animals appear 
 

Present time 0 384,400 30/30 24 hrs 0 hrs 
(27.3 day 
orbit 
around 
Earth) 

Moon receding 
@ 38 mm/yr & 
orbiting Earth @ 
1.022 km/s 
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The cross-section indicaǘŜǎ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ƳŜŀƴ ǊŀŘƛǳǎ ŀǘ слул ƪƳ ƛǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ 

following calculation. 

V2  = V1 + V0 = 9ŀǊǘƘΩǎ ǾƻƭǳƳŜ Ґ LƳǇŀŎǘƻǊΩǎ ǾƻƭǳƳŜ Ҍ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ǾƻƭǳƳŜ 

V0  = V2 ς V1 

  = 108 x 1010 km3 ς 10 x 1010 km3 = 98 x 1010 km3 

V0  Ґ пκо ˉ Ǌ0
3 

r0  = 3Ҟώоκόпˉύ±0]  

  = 3ҞώлΦно Ȅ фу Ȅ мл10] km 

  = 6082 km 

r1 ς r0  = 6378 km ς 6082 km = 296 km increase in radius 

¢ƘŜ ǊŜǎǳƭǘƛƴƎ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ 9ŀǊǘƘΩǎ ǊŀŘƛǳǎ ŀŦǘŜǊ ƛƳǇŀŎǘ ƛƴŎƭǳŘŜǎ ǘƘŜ ƭƛǘƘƻǎǇƘŜǊŜ ǘƘŀǘ ŎƻƳǇǊƛǎŜǎ 

the tectonic plates; and, a large portion of the athenosphere, a low viscosity and highly ductile 

layer on which the lithosphere rides. The mixing of the ice and silicate mantles of the Impactor 

created this athenosphere layer. Further differentiation of the ice and silicates of the Impactor 

collected under the already existing lithosphere, and created a highly viscous material on top of 

the upper mantle that aids in the movement of the tectonic plates.  

The cross-section study reveals that the Impactor might have reached the EŀǊǘƘΩǎ Ŏore. More 

than likely, the spheroid was compressed and flattened and probably only penetrated ½ of the 

liquid core. ¢ƘŜ ƛǊƻƴ ŀƴŘ ƛǊƻƴ ǎǳƭŦƛŘŜǎ ƻŦ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ŎƻǊŜ ǿƻǳƭŘ ŜǾŜƴǘǳŀƭƭȅ ǎƛƴƪ ŀƴŘ combine 

ǿƛǘƘ ǘƘŜ 9ŀǊǘƘΩǎ ŎƻǊŜΦ A mixture of the LƳǇŀŎǘƻǊΩǎ ƛŎȅ ŀƴŘ ǎƛƭƛŎŀǘŜ ƳŀƴǘƭŜǎ ŀƴŘ ǘƘŜ 9ŀǊǘƘΩǎ ǎƛƭƛŎŀǘŜ 

mantle were ejected onto the surrounding oceanic crust. These mantle materials also oozed 

from the center of the huge crater to fill the void of the crater. ¢ƘŜ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ŎƻƴǘƛƴŜƴǘ 

was formed this way. The materials of this continent are less dense than the original crust and 

any future oceanic crusts because it chemically combined with lighter elements and compounds 

ƻŦ ǘƘŜ LƳǇŀŎǘƻǊΩǎ ƛŎŜ ŀƴŘ ǎƛƭƛŎŀǘŜ ƳŀƴǘƭŜǎΦ 

The solidified continental crust material would forever remain less dense than the oceanic 

ŎǊǳǎǘǎΦ ¢ƘŜ ƻŎŜŀƴƛŎ ŎǊǳǎǘǎ ŘŜǾŜƭƻǇ ŦǊƻƳ ǘƘŜ ǊƛǎŜ ŀƴŘ ŎƻƻƭƛƴƎ ƻŦ ǘƘŜ 9ŀǊǘƘΩǎ ƻǊƛƎƛƴŀƭ ƳŀƴǘƭŜ 

materials which are denser and increase in density through thermal contraction. During any 

movements of the oceanic plates against continental plates, they will subduct and always go 

under the lighter continental crusts, thereby preserving cratons of original rock near the centers 

of most continents that were part of the first super continent. These cratons solidified 3.9 to 3.5 

billion years ago z ŀŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ŎƻƴǘƛƴŜƴǘ ǊƻǎŜ ŦǊƻƳ ǘƘŜ ŎǊŀǘŜǊ ƻŦ 9ŀǊǘƘΩǎ LƳǇŀŎǘƻǊ ǘƻ ƳŀǊƪ ǘƘŜ 

time of impact. 

Many of the more volatile materials such as CO2, H2O, and CH4 from the Impactor would be 

ŘƛǎǇŜǊǎŜŘ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ 9ŀǊǘƘΩǎ ǾŜǊȅ ƳƻƭǘŜƴ mantle, eventually differentiate, and rise to the 

9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƻƴƭȅ ǘƻ ōŜ ǘǊŀǇǇŜŘ ǳƴŘŜǊƴŜŀǘƘ ōȅ ǘƘŜ ŜȄƛǎǘƛƴƎ ƘŀǊŘŜƴŜŘ ƻŎŜŀƴƛŎ ŎǊǳǎǘ ŀƴŘ ƴŜǿƭȅ 
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crystallized continental crust. These trapped pockets of volatiles would then create migrating 

hot spots that would continue to present times to cause volcanic eruptions not connected to 

subduction zones. 

Further proof of the creation of the first super continent on Earth is the distinctively different 

compositions of the most abundant compounds found in the oceanic and continental crusts. 

From computations based on 1672 analyses of all kinds of rocks, a geochemist, F.W. Clark, 

deduced that 99.22% were composed of 11 oxides aa. In another book, The Inaccessible Earth, by 

Geoff C. Brown and Alan E. Mussett the percentages of these oxides were compared for both 

continental and oceanic crusts. These percentages were consistently different for each type of 

crust proving that differentiation of these molten materials came from two different sources bb. 

Those sources were the mantles of the Earth and its major Impactor. 
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Diagram E: Cross-Section Study of the Inelastic Collision and Penetration of the 
Earth's Impactor 

 
































