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             The initial Rotational Kinetic Energy of the earth presently in 1999 is 2.1339777*10^29 Joules.
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             This is the mean angular rate of rotation for the earth.  We calculated it by recontructing the equation of rotational kinetic energy, RKE= (0.5)((4π^2)/x^2)(I) to solve for the length of day (x).  x= SQRT((4*π^2)*(8.026250000E37)/(2*Rotational_KE))The I= inertia of the earth, which is 8.02625E37 kgm^2Once the length of day is found, 2π is divided by it to find out omega.
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             This is the difference between the Earth's rotation omega and the Moon's orbit omega.  When there is a value for the mismatch of omegas the length of day of the earth will be different than the orbit of the moon.  When the mismatch of omegas equals zero the earth's rotation will equal the orbit of the moon.
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             The effect of drag on earth depends on the effect of the tidal bulge times the mismatch of omegas.  The 0.00007025947 is the mismatch between the omegas initially in the model.  We put this as a fraction over one because initially the effect of the mismatch is one (really zero), having no effect on the Change in Rotational KE.  
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             The distance from the earth and the moon's orbit is different at different points on the earth.  The shortest distance is 356,399 kilometers.  The greatest distance is 406,699 kilometers.  The mean distance, which we are using for our initial value, is 384,403 kilometers, which is 384403000 meters.
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             Deceleration of the Earth 
             For our sensitivity analysis we will change the normal change which is affected by the unpredictable tidal bulges. Big tidal bulges mean more loss of kinetic energy of the earth and small tidal bulges mean less loss of kinetic energy because the friction on the earth is small and does not interfere greatly with the rotation. From the graph above you can see that the rotational kinetic energy decreases as the normal change increases.   Look at the graph above.  The five curves are similar in shape but have different slopes.  1. Rotational kinetic energy has normal change of 0.000127 .2. Rotational kinetic energy has normal change of 0.000227.3. Rotational kinetic energy has normal change of 0.000327.4. Rotational kinetic energy has normal change of 0.000427.5. Rotational kinetic energy has normal change of 0
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I n t r o d u c t i o n 


Background


The earth’s rotation is slowing down every second and will
continue to slow every minute of every day of every year until the
spin of the earth matches the orbit of the moon. This deceleration,
while gradual and very slow, will result in the faces of the earth
and moon to constantly face each other, leaving only one side of
the earth to ever see the moon in the sky. We have modeled just
one of the factors affecting the deceleration of the earth—the
gravitational pull of the moon on the earth.


In actuality, the friction causing the earth to slow down is caused
by many different factors, too many for us to model accurately.
Instead, we chose to use the effect of the moon’s gravitational
force as the one factor causing all deceleration. This does give the
model an inaccuracy as far as reality is concerned.


Our data came entirely from books and the Internet.  We often
made several calculations to arrive at the value of only one
converter. These calculations are the medium, which we have
harnessed to give us the verification for the accuracy and
workability of our model, Deceleration of the Earth. However, real
life calculations or values cannot prove the numbers which we
used to give value to our model.


The situation that we modeled, while not completely abstract, is
not realistic. For example, the moon is a factor in the deceleration
of the earth, but there are many more factors that have not been
shown or calculated in the model. The molten core of the earth
adds friction, causing the earth to slow; winds and weather patterns
can also add to deceleration. In addition, the moon accounts for
only sixty percent of the earth’s gravitational forces, the sun
accounting for the remaining forty percent.


In this model we intend to show that the earth is really slowing
down. Eventually, this slowing will lead to longer days and the
matching of the earth’s and moon’s rotations.


Resources


Assumptions


Purpose of the Model
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E x p l a n a t i o n  o f  t h e  m o d e l 


Figure 1.  The Complete Model


Model Description


The model itself is fairly simple in that it does not have many
converters, stocks, or flows. However, the complexity of the
calculations involved and the values of each of the model
components make up for what the model may lack in volume.
Deceleration of the Earth required only two stocks to be modeled.
The Rotational KE (kinetic energy) and Distance of the Moon’s
Orbit from the Earth are the stocks.
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Figure 2.  The Rotational Kinetic Energy Model


Rotational KE shows the amount of kinetic energy present in the
earth, or the energy the earth uses to complete its rotations.


Figure 3.  Distance of the Moon's Orbit Model


Distance of the Moon’s Orbit from the Earth models the distance,
in kilometers, between the earth and the moon.


Each of the stocks has flows, Change in Rotational KE and
Change in Distance of Moon’s Orbit from Earth.  Change…KE is
an outflowing biflow from Rotational KE.  Change…KE is the sum
of several different converters, Effect of the Tidal Bulge, Effect of
Mismatch, and Normal Change. The moon’s orbit expands at a
detectable rate of 3.7 ± 0.2cm per year. Changed to meters and
multiplied by one million, we calculated 37000 meters per one
million years was to be gained in distance. This is multiplied into
the Change…Earth.


Effect of the Tidal Bulge is a result of the stock Distance of the
Moon’s Orbit from Earth and is defined as a graph. We assumed
that the Effect of the Tidal Bulge is linear.  See Figure 4.


The Flows
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Figure 4.  The Graphical Converter which Effect of the Moon's
Distance on the Tidal Bulges


The Earth’s Rotation Omega is a converter affected by the
Rotational KE.  ERO is the mean angular rate of rotation for the
earth. This value was calculated by reconstructing the equation of
Rotational KE.  ERO is 2π divided by the length of day. The actual
length of day is found by reconstructing the equation of rotational
kinetic energy (refer to documentation of model).


Mismatch of Omegas is calculated by finding the difference
between the ERO and Moon’s Orbit Omega. When there is a value
for the Mismatch of Omegas, the angular velocity of the earth’s
rotation will be different from the angular velocity of the orbit of
the moon. When the Mismatch of Omegas equals zero, the earth’s
angle of velocity of rotation will equal the angular velocity of the
orbit of the moon.


The effect that the Mismatch of Omegas has is on the drag of the
earth. One of the f rotational slowing actors which we chose to
incorporate was that of the tidal bulge. To find the Effect of
Mismatch, the Mismatch of Omegas was multiplied by
(1/0.00007025947).  The 0.00007025947 is the mismatch between
the omegas initially in the model.  We put this as a reciprocal
because initially the effect of the mismatch is a multiplier of one,
having no effect on the Change in Rotational KE. This equation
determines the effect of drag on the earth.


Feedback Loops


One of the smallest loops in the model was that of the values of
Rotational KE and of Change in Rotational Kinetic Energy (see
Loop #1).
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Figure 5.  The Simplest Feedback Loop


This is a reinforcing loop that is so simple, the only two values
feed off of themselves.  The value of Rotational KE decreases
gradually; this change in value affects the flow, Change in KE, and
causes it to decrease at the same rate of Rotational KE.


There are several other loops involved in the results of our model,
this next was the largest and is also a balancing loop (see Figure 6).


Figure 6.  Loop #2 The Rotational KE Loop


The Effect of the Moon causes a phenomenon represented by the
converter called Tidal Bulge Effect.  This bulge causes the slowing
of the earth’s rotation, or a decrease in the Rotational KE. The
decrease in Rotational KE in effect causes the Earth’s Rotation to
decrease. The Mismatch of Omegas and the Effect of the Mismatch
measure the change in the length of day, and, as a result, also the
Change in Distance. The converter Change in Distance represents
the separation of the earth and the moon.
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Discussion of Results


The Rotational Kinetic Energy decreases as the Distance of the
Moon’s Orbit from the Earth increases. This is because the
Rotational Kinetic Energy is given its strength by the pull of the
moon’s gravitational force. As the Distance of the Moon’s Orbit
from the Earth increases, this pull decreases.


Figure 7.  The Graph of the Results
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D i s c u s s i o n  o f  V e r i f i c a t i o n 


Validation


This model is very difficult to verify because it is not a real-life
problem. This is a hypothetical situation.


The initial values for the stocks, flows, and converters are real-
world values that we acquired through researching the subject. We
can verify that these values are correct because of the sources that
we acquired them from. But we can not definitely verify the results
that derived from these initial values.


We could compare our table results with that of real numbers for
the Rotational Kinetic Energy of the Earth, but we would expect
that they would be quite different.  Really, there is no data that we
can compare our model with. We can only intricately analyze the
model and see if the results are what we expect.


The trends of the model are what we can analyze. From the graphs,
it is apparent that the Distance of the Moon’s Orbit from Earth is
decreasing and the Rotational KE is increasing. This agrees with
what is to be expected as our model progresses.  The trends of each
of the stocks all match up to our expectations.


Some assumptions were made in the process of designing the
model. For instance, the model assumes that the moon’s orbit
expands at a constant rate. In reality, this is not necessarily true.
Instead the moon’s orbit expands at a rate of 3.7 ± 0.2cm per year.


Sensitivity Analysis


For our sensitivity analysis, we will vary the Normal Change,
which is affected by the unpredictable tidal bulges. We decided to
vary the Normal Change because the loss of kinetic energy and the
length of day interest us the most. The Normal Change is the
percentage of change of the kinetic energy of the earth. The
unpredictable Tidal Bulges affect the Normal Change. Big tidal
bulges mean more loss of kinetic energy of the earth, and small
bulges mean less loss of kinetic energy of the earth, because the
friction on the earth is small and does not interfere greatly with its
rotation. From the graph below, you can see that the rotational
kinetic energy decreases as the normal change increases, and the
rotational kinetic energy decreases more slowly as the normal
change decreases from the actual value used, which is 0.000327.
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Figure 8.  The Graph for the Sensitivity Analysis


1. Rotational kinetic energy has a normal change of 0.000127.


2. Rotational kinetic energy has a normal change of 0.000227.


3. Rotational kinetic energy has a normal change of 0.000327.


4. Rotational kinetic energy has a normal change of 0.000427.


5. Rotational kinetic energy has a normal change of 0.000527.


The normal change of 0.000327 is the value we used to run the
model. You can see that the normal change of 0.000527 decreases
the rotational kinetic energy of the Earth faster than the normal
change of 0.000127. This means that the Earth will slow down
faster and come to a stop sooner. With the normal change of
0.000527, the days will become longer at a faster rate.
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 A s s u m p t i o n s  a n d  E x t e n s i o n s 


Assumptions


Deceleration of the Earth is a model based in theory. We were able
to collect real life data about the distance of orbits.  However, the
two distances we found needed to be averaged in order to provide
us the value needed. This number, since it was only averaged,
came out as an enormous decimal and was rounded to a whole
number. Rounding the number threw off the final calculations and
compromised the results.


In order to run this model effectively, we were forced to make
calculations that are not consistent with real life information. We
assumed that the only factor affecting the slowing of the earth’s
rotation was the depletion of the moon’s gravitational pull on the
earth. In reality, this is only one of the factors, but the others either
would have made the model too confusing, or would have been
something that we would not have been able to model due to lack
of information on the topic.


Suggested Extensions


To improve or add to this model, we could have discussed each of
the additional factors affecting the deceleration of the earth and the
distance of the moon’s orbit from the earth. These would have
included the earth’s core rotation and even weather patterns, just to
name two.


Although this model is largely based upon assumptions, there is a
factor of reality within it. The earth is actually decelerating,
eventually slowing so much that its rotation and the moon’s
rotation will be at a sort of equilibrium. The results of this model
can be looked to for what may actually occur millions of years into
the future.
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