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Abstract 
The causes of dynamic deformation of Earth and motion effects induced by universe’s 
gravitational field and from neighbor celestial bodies is easily explained in the present study. 

 Is the deformation of Earth static, dynamic, or both? 
 Is the gravitational field the only cause of deformation of Earth? 
 How do the masses of near celestial bodies impact locally? 
 Does the universe mass contribute to local effects, as to be considered? 
 How is the translation orbit of Earth modified in this force interchange? 

In this analysis, there are several cases that show with clarity what accelerations produce what 
effect and in which amount. The differential equations of a force in space are derived for those of 
you who want to make heavy calculations. 

Introduction 
The first law of Newton states: “A body continues in its state of rest, or in uniform motion in a 
straight line, unless acted upon by a force.” 

A body can be considered “at rest” or moving in a straight line at constant velocity if the sum of 
accelerations (forces) acting on it is equal to zero. But these conditions will not always apply, 
depending on what frame of reference we take. 

If we are traveling in a car in a straight line at a constant velocity of 100 Km/h, we are “at rest” 
(acceleration = 0 m/s2) with respect to the car, or we are moving at 100 Km/h (acceleration = 0 
m/s2) with respect to some fixed point of reference on an ideal non-spinning Earth. The first 
Newton’s law is apparently valid in such a case. Whether we chose the car, the passenger, or a 
fixed point, in all these cases our reference is called an inertial frame of reference because no 
accelerations are present. 

However, if the car is taking a curve without sliding, it is subject to a centripetal acceleration that 
points to the center of curvature. Since we move free inside the car because we are not tied with 
any mean to the center of curvature, then we feel the opposite acceleration called centrifugal 
acceleration, which pulls us to the exterior of the curve. In this case, the first law of Newton is not 
applicable to both reference frames (car and passenger), which now are called non-inertial 
frames of reference because the motion is subject to accelerations. 

The States of “Rest” and Uniform “Rectilinear” Motion Don’t Exist in the Universe 
If we take the center of mass of the Earth as the origin of a rotating frame of reference, then the 
first law of Newton cannot be applied. The same happens if we take the center of mass of the 
solar system or that of the Universe as our frame of reference. 

In the example of the car above, even if we take the vehicle as our reference system, we are not 
“at rest” inside the car. As a passenger, we are also subject to the gravitational and centrifugal 
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accelerations of Earth, and the gravitational acceleration produced by the distribution of mass in 
the Universe (our solar system plus the rest of the galaxies in the visible Universe). So, when we 
say that we are “at rest” with respect to the car, we are simply ignoring the laws of Mother Nature. 

Therefore, the states of “rest” and that of a uniform “rectilinear” motion do not exist in the universe. 

However, the first law of Newton helps us to predict the motion of bodies with good approximation 
in several cases. 

Considering The “Mach’s Principle” 
Objects in the Universe are subject to continued actions of forces (accelerations) because of 
rotation, translation, electromagnetic and gravitational interactions with near and distant 
surrounding bodies. 

Under many circumstances, we may neglect external accelerations because they might be of low 
magnitude compared to local accelerations. But it doesn’t mean that they don’t exist. Moreover, 
subtle differences in acceleration are the cause of constant and dynamic deformation of masses 
and changes in motion that can’t be ignored. 

How the Amount of Mass of the Universe Changes With Distance 
If we assume that our visible Universe is spherical, with a homogeneous density of mass 𝜌௨ in all 
directions (isotropic), then the change in mass with respect to a change in volume will be given by: 

𝑑𝑚 = 𝜌௨𝑑𝑉  (a) 

Let’s consider two concentric spheres as in the figure. The volume change is given by: 

dV =
ସ

ଷ
π(r + dr)ଷ −

ସ

ଷ
 π rଷ 

𝑑𝑉 =
4

3
𝜋(𝑟ଷ + 3𝑟ଶ𝑑𝑟 + 3𝑟𝑑𝑟ଶ + 𝑑𝑟ଷ − 𝑟ଷ) 

When neglecting the higher-order terms in dr and simplifying, we get: 

dV ≅ 4 π  ଶ dr (b) 

By replacing (b) in (a), we obtain: 

𝑑𝑚 = 𝜌௨4 𝜋 𝑟ଶ𝑑𝑟  =>  
ௗ௠

ௗ௥
= 𝜌௨4 𝜋 𝑟ଶ (c) 

We see that the amount of mass increases with the square of the distance. 

Mass and Radius of the Visible Universe 
The estimated values of the mass and radius are: 

𝑀௨ ≅ 1.5 10ହଷ 𝐾𝑔 (d)  with an approximate density:      𝜌௨ ≅ 10ିଶଽ  
௄௚

௠య
 (e) 

𝑟௨ ≅ 9 10ଶ଺ 𝑚  (f) 

Effects on Earth Caused By Local Accelerations 
The rotation of the Earth on its axis added to its own gravity acceleration are both the cause of a 
constant (permanent) deformation of the planet. In the next paragraphs, we’ll see that, besides the 
constant deformation, there is also a dynamic deformation that will affect the shape of the Earth as 
well as induce additional motions to rotation and translation. 

  

r 
dr 

dm 

Fig. 1 
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Let’s take a spherical shell of mass dm and thickness dr on the surface of the Earth. 

The gravitational acceleration caused by the Earth on 
the shell is denoted as a୉. 

Since the Earth is spinning at an angular velocity ∅̇, 
the shell is also under the action of a centripetal 
acceleration: 

−𝑎௖ = 𝑅∅̇ଶ (1) 

This acceleration is equal in magnitude and opposite 
to the centrifugal acceleration 𝑎௙. 

But the distance R depends on the polar angle 𝜃: 

𝑅 = 𝑟 sin 𝜃 (2) 

By replacing (2) in (1), we get:        −𝑎௖ = 𝑎௙ = 𝑟 𝑠𝑖𝑛 𝜃 ∅̇ଶ (3) 

The centripetal/centrifugal acceleration is maximum at the equator and vanishes at the poles. 

The maximum value of the centrifugal acceleration is: 

𝑎௙ = 6.4 10଺ (7.27 10ିହ)ଶ = 3.38 10ିଶ  
௠

௦మ   (4) 

Based on spatial spherical coordinates (see APPENDIX), and since the Earth rotates at constant 
angular velocity ∅̇, the component of the acceleration in the ∅෡ direction is zero. Therefore, the 
centrifugal acceleration reduces to two components, one in the direction of the Earth’s radius 𝑎௖௥ , 
and the other in the polar direction 𝑎௖ఏ. That is, 

𝑎௙ = 𝑎௖௥𝑟̂ + 𝑎௖ఏ𝜃෠ + 0∅෡ (5) 

The projection of the centrifugal acceleration 𝑎௙ on the Earth’s gravitational acceleration (𝑎ா) line 
is: 

𝑎௖௥ = 𝑎௙ cos ቀ
గ

ଶ
− 𝜃ቁ = 𝑎௙ sin 𝜃  (6) 

By replacing (3) in (6): 𝑎௖௥ = 𝑟 𝑠𝑖𝑛ଶ(𝜃) ∅̇ଶ  (7) 

The acceleration component in the polar direction is: 

𝑎௖ఏ = 𝑎௙ sin ቀ
గ

ଶ
− 𝜃ቁ = 𝑎௙ cos 𝜃  =>  𝑎௖ఏ = 𝑟 sin 𝜃 cos 𝜃 ∅̇ଶ  (8) 

By replacing (7) and (8) in (5), 

𝑎௙ = 𝑟 𝑠𝑖𝑛ଶ(𝜃) ∅̇ଶ 𝑟̂ + 𝑟 sin 𝜃 cos 𝜃 ∅̇ଶ𝜃෠  (9) 

The component that directly affects the Earth’s gravity is 𝑎௖௥, which is opposite to 𝑎ா. The resultant 
acceleration is a modified Earth’s gravity acceleration, which is a function of the polar angle and is 
the local cause of Earth’s deformation. 

  

dm 

r 

dr 

R 𝑎௖ 

𝜃 

𝑎௖௥ 

𝑎ா 

𝑎ா 

𝑎ா 

𝑎ா 

𝑎௖௥ = 0 

𝑎௖௥ = 0 

∅̇ 
Fig. 2 

𝑎௙ 

𝑎௖௥ = 𝑀𝑎𝑥 𝑎௖௥ = 𝑀𝑎𝑥 

𝑎௖ఏ 
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Constant Deformation of Earth Caused by Local Accelerations - Rigidity of a Mass 
The rigidity of a mass is determined by the amount of deformation of the mass’ shape under the 
action of a force. A “rigid body” is just an idealization because there will always be some amount of 
deformation when a mass is under the action of a force, even when we are not able to measure it. 
As a rough approximation, we can say that solids are “more rigid” than liquid or gases because 
fluids don’t have the ability to resist deformation. 

The Earth is composed of a vast variety of solid materials. as well as liquids and gases. Therefore, 
it is not exempt from deformations under the actions of accelerations. 

Particles in the shell of Fig. 2 can be more or less rigid, and they will have the same experience as 
the passenger inside the car which is taking a curve. Those particles will be pushed away from the 
center of curvature because of the centrifugal force 𝑎௙. The “less rigid” matter (gas, liquid) will 
stretch more than solid materials (minerals). 

The local resultant acceleration on every piece of mass in the shell of Fig. 2 is: 

𝑎௥௘௦ = −𝑎ா + 𝑎௖௥ => 𝑎௥௘௦ = −𝑎ா + 𝑟 𝑠𝑖𝑛ଶ(𝜃)∅̇ଶ  (10) 

This acceleration is maximum at the poles: 𝑎௥௘௦ = −𝑎ா + 0 = −9.8 
௠

௦మ
 

, and has its minimum magnitude at the equator (see Eq. 10): 𝑎௥௘௦ =

−𝑎ா + 𝑟 ∅̇ଶ = −9.8 + 3.38 10ିଶ = −9.766 
௠

௦మ .  

The “compression” caused by the acceleration on the poles and the 
“expansion” produced by the lower acceleration on the equator 
make a constant deformation of the Earth. As a result, there is a 
little flattening on the poles as shown with exaggeration in Fig. 3.  

 

This phenomenon is characteristic of any spinning body. 

If the angular velocity of the Earth were high enough such that the centrifugal force is comparable 
to the gravitational acceleration, then the Earth will start breaking apart. 

Dynamic Deformation of Earth and Motion Effects due to Gravitational Accelerations 
from the Universe and Near Celestial Bodies 
There are two types of dynamic effects: 

1. Dynamic deformation of mass 
2. Dynamic change in motion 

As we have seen in previous paragraphs, the local accelerations on Earth are the cause of the 
constant deformation of the planet. However, it is hard to imagine that any celestial body is 
shielded from external accelerations caused by other celestial bodies. 

The fact that all bodies in the universe move relative to each other will change the magnitude of 
accelerations among them with time, causing thus dynamic deformations on the bodies as well as 
a sort of combined motions. 

  

Fig. 3 
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1. Dynamic deformation of mass 
In this paragraph, we are going to analyze how the external accelerations add a dynamic 
deformation to the Earth and a dynamic change in motion. The analysis of the relative motion 
between two celestial bodies is treated in another paper1. 

When external forces (accelerations) are acting on the shell of Fig. 2, the resultant acceleration 
will have three spatial components in spherical coordinates (see motion in spherical coordinates 
and components of a force in space in the APPENDIX). 

Regardless of the direction of the external accelerations, there will always be a radial component 
that can point in one direction or another, depending on the location of the celestial bodies. The 
radial component for accelerations at polar angles 𝜃 ≠ 0° and 𝜃 ≠ 180° is given by: 

𝑎௥ = 𝑎 sin 𝜃  (11) 

Equation (11) is not applicable when the external acceleration is aligned with one of the poles, 
where 𝜃 = 0° or 𝜃 = 180°. In this case: 

𝑎௥ = 𝑎  

This acceleration which is caused by distant celestial bodies changes with time, having its 
maximum at the equator and vanishing at the poles (except when it is aligned with the poles). It 
causes a dynamic deformation of the Earth that is added to the permanent (constant) deformation 
analyzed in the previous paragraph. 

2. Dynamic change in motion 
Celestial bodies move freely in space and are under the action of their own accelerations as well 
as those from distant bodies. So far, we have analyzed the external acceleration on both sides of 
a spherical shell to see the extent of deformation in function of the resultant acceleration at both 
sides of the shell. However, a motion analysis requires that we study the resultant acceleration at 
the center of mass of the body. 

Perhaps the most important effect of external accelerations acting on any celestial body is not its 
subtle change in shape, but the induced change in motion. Let’s roughly consider the motion 
effects on the Earth caused by the Sun and the Moon.  

a. Sun and Moon on each side of the Earth. 
Taking the Earth as a reference, and considering 
the action-reaction pairs, the resultant acceleration 
is: 

  

 
1  Raul Fattore. “WHY CELESTIAL BODIES ORBIT IN THE EQUATORIAL PLANE OF THE MAIN MASS-FULL MOTION ANALYSIS” 
https://physics-answers.com/full-free-motion-of-celestial-bodies-around-a-central-mass/ 

Note: 
It’s nonsense to consider the Earth’s dimensions for a good reason: the distances Earth-Sun and Earth-Moon change between 476 
and 3.3 times the Earth’s diameter, respectively. 

 

𝒂𝑬 = 9.8 [
𝑚

𝑠ଶ
]  𝐸𝑎𝑟𝑡ℎᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝒂𝑺 = 5.9 10ିଷ  ቂ
𝑚

𝑠ଶቃ  𝑆𝑢𝑛ᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐸𝑎𝑟𝑡ℎ 

𝒂𝑴 = 3.3 10ିହ  ቂ
𝑚

𝑠ଶ
ቃ  𝑀𝑜𝑜𝑛ᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐸𝑎𝑟𝑡ℎ 

 

𝒂𝑬𝑺 = 1.75 10ି଼  ቂ
𝑚

𝑠ଶ
ቃ  𝐸𝑎𝑟𝑡ℎᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝑆𝑢𝑛 

𝒂𝑬𝑴 = 2.67 10ିଷ  ቂ
𝑚

𝑠ଶ
ቃ  𝐸𝑎𝑟𝑡ℎᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝑀𝑜𝑜𝑛 

 

𝑎ாௌ 

𝑎ௌ 𝑎ெ 

𝑎ாெ 

𝑆 𝑀 

𝐸 

Fig. 3a 
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𝑎௥௘௦ = −𝑎ௌ + 𝑎ாௌ + 𝑎ெ − 𝑎ாெ = −5.9 10ିଷ + 1.75 10ି଼ + 3.3 10ିହ − 2.67 10ିଷ = −8.53 10ିଷ [
௠

௦మ]  (11a) 

 

b. Sun and Moon on the same side of the Earth. 
 

Taking the Earth as a reference, and 
considering the action-reaction pairs, the 
resultant acceleration is: 

𝑎௥௘௦ = −𝑎ௌ + 𝑎ாௌ − 𝑎ெ + 𝑎ாெ = −5.9 10ିଷ + 1.75 10ି଼ −

3.3 10ିହ + 2.67 10ିଷ = −3.26 10ିଷ [
௠

௦మ]  (11b) 

The Earth’s translation motion is not elliptical 
The Earth revolves around the sun with a centripetal acceleration equal to the gravitational 

acceleration of the sun on Earth, that is 𝒂𝑺 = −5.9 10ିଷ  ቂ
௠

௦మቃ. However, this is not a constant value 

as we can see from (11a) and (11b), which gives ∆a୰ୣୱ = −8.53 10−3 − (−3.26 10−3) = −5.27 10−3  ቂ
୫

ୱమቃ, 

with a mean value of  
∆ୟ౨౛౩

ଶ
= −2.63 10ିଷ  ቂ

୫

ୱమቃ. Then, the maximum changes in acceleration are: 

a = −5.9 10ିଷ  ± 2.63 10ିଷ  ቂ
m

sଶቃ 

The resultant acceleration oscillates between the maximum values as the Moon revolves around 
the Earth, with a period of 27.3 days (one revolution of the Moon around Earth). 

The above results tell us that the Earth is revolving around the Sun not by following an elliptic line 
but oscillating around the mean value of an elliptical line as shown exaggerated in Fig. 3c. The 
orbit trajectory is modulated by a periodic function. There are ~ 13 periods in one revolution. 

Note that a change in acceleration with time, which is known as jerk, is the source of an oscillatory 
motion that can be periodic with a fixed or variable frequency. Though I’m not going to dig into this 

effect, the definition of jerk is: 𝚥 =
ௗ௔ሬ⃗

ௗ௧
 [

௠

௦య
]. 

 

 

 

  

Fig. 3c 

𝑎ௌ 𝑎ெ 
𝑆 𝑀 

𝐸 Fig. 3b 

𝑎ாௌ 

𝑎ாெ 
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Case 1: Sun and Moon aligned at opposite faces of the Earth; center of mass of the 
Universe aligned on Moon’s side. 
For simplicity, let’s consider the accelerations at the Earth’s equator caused by the neighbor and 
distant celestial bodies on a thin spherical shell, as shown in Fig. 4. Let’s assume that the effect of 
the shell mass is negligible on the other 
bodies. Overlapping all accelerations in the 
equatorial line will be confusing, so to identify 
each one, let distribute them in vertical lines at 
both sides of the Earth for easy recognition. 
The center of mass of the Universe is denoted as “comu”. 

 

Let’s define the sum of accelerations at each side of the Earth as 𝑎ଵ and aଶ : 

𝑎ଵ = 𝑎ா + 𝑎ெ + 𝑎௎ − 𝑎ௌ − 𝑎௖௥ 

𝑎ଶ = 𝑎௖௥ + 𝑎ெ + 𝑎௎ − 𝑎ௌ − 𝑎ா 

As we have seen in previous paragraphs, the estimated values of the mass and radius of the 
Universe are: 

𝑀௨ ≅ 1.5 10ହଷ 𝐾𝑔  and  𝑟௨ ≅ 9 10ଶ଺ 𝑚  

We ignore where the Earth is located with respect to the center of mass of the Universe (comu) 
and at what distance. If we assume that the Earth is at a distance 𝐫 = 𝟏𝟎𝟐𝟑 𝐦 of comu, then the 

gravitational acceleration on Earth caused by the universal mass will be: 𝑎௎ =
ீெೆ

௥మ = 10ିଷ [
௠

௦మ]. Then, 

the magnitude of all the accelerations on Earth are: 

𝑎௎ = 10ିଷ [
௠

௦మ], 𝑎ா = 9.8 [
௠

௦మ], 𝑎ெ = 3.3 10ିହ [
௠

௦మ], 𝑎ௌ = 5.9 10ିଷ [
௠

௦మ], 𝑎௖௥ = 3.3 10ିଶ [
௠

௦మ] 

By plugging these values in 𝑎ଵ and 𝑎ଶ above, we obtain the magnitude of the accelerations at both 
faces of the Earth: 

𝑎ଵ = 9.8 + 3.3 10−5 + 10−3 − 5.9 10−3 − 3.3 10−2 = 9.7621 [
𝑚

𝑠2
]  (12) 

Sun 

Earth 

Moon 
comu 

Fig. 4 

𝑎ா 𝑎ா 𝑎௖௥ 𝑎௖௥ 

𝑎ௌ 𝑎ௌ 

𝑎ெ 𝑎ெ 

𝑎௎ 𝑎௎  
𝒂𝑬: 𝐸𝑎𝑟𝑡ℎᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝒂𝒄𝒓: 𝑟𝑎𝑑𝑖𝑎𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝒂𝑺: 𝑆𝑢𝑛ᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐸𝑎𝑟𝑡ℎ 

𝒂𝑴: 𝑀𝑜𝑜𝑛′𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐸𝑎𝑟𝑡ℎ 

𝒂𝑼: 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒′𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝑎ଵ 𝑎ଶ 

Note: 

It’s nonsense to consider the Earth’s dimensions for a good 
reason: the distances Earth-Sun and Earth-Moon change 
between 476 and 3.3 times the Earth’s diameter respectively. 
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𝑎ଶ = 3.3 10−2 + 3.3 10−5 + 10−3 − 5.9 10−3 − 9.8 = −9.7718 [
𝑚

𝑠2
]   (13) 

We see that the dynamic resultant of the gravitational acceleration 
on Earth’s surface is weaker on the Sun’s side, causing thus a 
bigger dynamic “stretching” than that on the Moon’s side, as shown 
in Fig. 5. 

Recall that the magnitudes of both accelerations increase when 
approaching the poles. 

Out of the Earth’s gravitational acceleration, the radial components 
of all other accelerations decrease away from the equator until 

vanishing at the poles according to Eq. (11). 

At the poles: 𝑎ଵ = 9.8 [
𝑚

𝑠2
]  and  𝑎ଶ = −9.8 [

𝑚

𝑠2
]. 

 

Case 2: Sun and Moon aligned both with one face of the Earth; center of mass of the 
Universe aligned with the opposite Earth’s face. 
 For simplicity, let’s consider the accelerations at the Earth’s equator caused by the neighbor and 
distant celestial bodies on a thin spherical shell, as shown in Fig. 6. Let’s assume that the effect of 
the shell mass is negligible on the other 
bodies. Overlapping all accelerations in the 
equatorial line will be confusing, so to identify 
each one, let distribute them in vertical lines at 
both sides of the Earth for easy recognition. 
The center of mass of the Universe is denoted as “comu”. 

  

Fig. 5 

𝑎ଵ 𝑎ଶ 

Sun 

Earth 

Moon 
comu 

Fig. 6 

𝑎ா 𝑎ா 𝑎௖௥ 𝑎௖௥ 

𝑎ௌ 
𝑎ௌ 

𝑎ெ 𝑎ெ 

𝑎௎ 𝑎௎ 
𝒂𝑬: 𝐸𝑎𝑟𝑡ℎᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝒂𝒄𝒓: 𝑟𝑎𝑑𝑖𝑎𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝒂𝑺: 𝑆𝑢𝑛ᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐸𝑎𝑟𝑡ℎ 

𝒂𝑴: 𝑀𝑜𝑜𝑛′𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐸𝑎𝑟𝑡ℎ 

𝒂𝑼: 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒′𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

𝑎ଵ 𝑎ଶ 

Note: 

It’s nonsense to consider the Earth’s dimensions for a good 
reason: the distances Earth-Sun and Earth-Moon change 
between 476 and 3.3 times the Earth’s diameter respectively. 
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In this case, the sum of accelerations at each side of the Earth are: 

𝑎ଵ = 𝑎ா + 𝑎௎ − 𝑎௖௥ − 𝑎ௌ − 𝑎ெ 

𝑎ଶ = 𝑎௖௥ + 𝑎௎ − 𝑎ா − 𝑎ௌ − 𝑎ெ 

By plugging the values of the accelerations in 𝑎ଵ and 𝑎ଶ above, we obtain the magnitude of the 
accelerations at both faces of the Earth: 

𝑎ଵ = 9.8 + 10−3 − 3.3 10−2 − 5.9 10−3 − 3.3 10−5 = 9.7620 [
𝑚

𝑠2
]   (14) 

𝑎ଶ = 3.3 10−2 + 10−3 − 9.8 − 5.9 10−3 − 3.3 10−5 = −9.7719 [
𝑚

𝑠2
]   (15) 

There is just a subtle difference to be appreciated with respect to Case 1. 

Here, again, the dynamic resultant of the gravitational acceleration 
on Earth’s surface is weaker on the Sun-Moon side, causing thus a 
bigger dynamic “stretching” than that on the “comu” side, as shown 
in Fig. 6. Note that the stretching on the Sun-Moon side is a little bit 
more than in the previous case. 

Recall that the magnitudes of both accelerations increase when 
approaching the poles. 

Out of the Earth’s gravitational acceleration, the radial components 
of all other accelerations are decreasing away from the equator until vanishing at the poles 
according to Eq. (11). 

At the poles: 𝑎ଵ = 9.8 [
𝑚

𝑠2
]  and  𝑎ଶ = −9.8 [

𝑚

𝑠2
]. 

What happens when the Center of Mass of the Universe (comu) is at the opposite side of the 
Earth in Fig. 4 and Fig. 6 
Regarding deformation, the resultant accelerations from Fig. 4 will be: 

𝑎ଵ = 𝑎ா + 𝑎ெ − 𝑎௎ − 𝑎ௌ − 𝑎௖௥ 

𝑎ଶ = 𝑎௖௥ + 𝑎ெ − 𝑎௎ − 𝑎ௌ − 𝑎ா 

By replacing values, we get: 

𝑎ଵ = 9.8 + 3.3 10−5 − 10−3 − 5.9 10−3 − 3.3 10−2 = 9.7601 [
𝑚

𝑠2
]  

 (16) 

𝑎ଶ = 3.3 10−2 + 3.3 10−5 − 10−3 − 5.9 10−3 − 9.8 = −9.7738 [
𝑚

𝑠2
]  

 (17) 

By comparing (12) with (16) and (13) with (17), we see an even weaker 
acceleration on the left side and stronger on the right side of the Earth. 
The deformation is stronger than that in Fig. 4. 

  

Fig. 6 

𝑎ଵ 𝑎ଶ 

Fig. 6a 

𝑎ଵ 𝑎ଶ 
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Regarding motion, taking the Earth as a reference and considering the action-reaction pairs, the 
resultant acceleration is: 

𝑎௥௘௦ = −𝑎ௌ + 𝑎ாௌ − 𝑎௎ + 𝑎ா௎ + 𝑎ெ − 𝑎ாெ

= −5.9 10ିଷ + 1.75 10ି଼ − 10−3
+ 3.9 10ିଷ + 3.3 10ିହ − 2.67 10ିଷ

= −9.53 10ିଷ [
𝑚

𝑠ଶ
] 

𝒂𝑬𝑼: 𝐸𝑎𝑟𝑡ℎᇱ𝑠 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒ᇱ𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑠𝑠  

The resultant acceleration is higher than that of the Sun on Earth and 
points to the Sun and the Universe’s center of mass. It could easily be a 

centripetal acceleration that makes the Earth and the whole solar system or even the Milky Way 
orbit around comu. 

Regarding deformation, the resultant accelerations from Fig. 6 will be: 

𝑎ଵ = 𝑎ா − 𝑎௎ − 𝑎௖௥ − 𝑎ௌ − 𝑎ெ 

𝑎ଶ = 𝑎௖௥ − 𝑎௎ − 𝑎ா − 𝑎ௌ − 𝑎ெ 

By replacing values, we get:  

𝑎ଵ = 9.8 − 10−3 − 3.3 10−2 − 5.9 10−3 − 3.3 10−5 = 9.7600 [
𝑚

𝑠2
]  

 (18) 

𝑎ଶ = 3.3 10−2 − 10−3 − 9.8 − 5.9 10−3 − 3.3 10−5 = −9.7739 [
𝑚

𝑠2
]  

 (19) 

By comparing (14) with (18) and (15) with (19), we see a further 
decrease in acceleration on the left side and a further increase in 
acceleration on the right side of the Earth. The deformation is the 

strongest. 

 

Regarding motion, taking the Earth as a reference and considering the action-
reaction pairs, the resultant acceleration is: 

𝑎௥௘௦ = −𝑎ௌ + 𝑎ாௌ − 𝑎௎ + 𝑎ா௎ − 𝑎ெ + 𝑎ாெ

= −5.9 10ିଷ + 1.75 10ି଼ − 10−3
+ 3.9 10ିଷଶ − 3.3 10ିହ + 2.67 10ିଷ

= −4.26 10ିଷ [
𝑚

𝑠ଶ
] 

Though counter-intuitive, the resultant acceleration is less than that calculated 
for Fig. 4 and points to the Sun and the Universe’s center of mass. It could 

easily be a centripetal acceleration that makes the Earth and the whole solar system or even the 
Milky Way orbit around comu. 

  

Fig. 6c 

𝑎ଵ 𝑎ଶ 

𝑎௎ 
𝑎ெ 

𝑎ௌ 

𝑎ாெ 𝑎ாௌ 

Fig. 6b 

𝑎ா௎ 

𝑎௎ 

𝑎ெ 

𝑎ௌ 

𝑎ாௌ 

Fig. 6d 

𝑎ா௎ 

𝑎ாெ 
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What happens when the Center of Mass of the Universe (comu) is aligned with one pole in 
Fig. 4 and Fig. 6 

 In this case, the acceleration caused by the center of mass of 
the Universe is perpendicular to the accelerations parallel to 
the equator and perpendicular to the Earth’s plane of rotation. 
So, it’s easy to see that the deformation effect of 𝑎௎ will be a 
“stretching” along the polar axis or rotation axis of the Earth. 

Regarding deformation, let’s define 𝑎ଵ as the resultant 
acceleration on the comu side, and 𝑎ଶ the resultant 
acceleration on the opposite pole: 

𝑎ଵ = 𝑎௎ − 𝑎ா = 10−3 − 9.8 = −9.799 [
𝑚

𝑠2
]   

𝑎ଶ = 𝑎ா + 𝑎௎ = 9.8 + 10−3 = 9.801 [
𝑚

𝑠2
]   

The upper resultant acceleration is weaker than the lower one, 
causing thus a stretching of the upper pole toward comu. The resultant acceleration in the lower 
pole is higher than the gravitational acceleration of the Earth, causing a “compression” toward 
comu. 

Regarding motion, taking the Earth as a reference and considering the action-reaction pairs, the 
resultant acceleration is: 

𝑎௥௘௦ = 𝑎௎ − 𝑎ா௎ = 10ିଷ − 3.9 10−32 ≅ 10ିଷ [
𝑚

𝑠ଶ
] 

This acceleration is considerable and points to the Universe’s center of mass.  

The addition of this acceleration to the horizontal resultant acceleration 
caused by the Sun-Moon will constitute the final resultant. 

 

 

If Sun and Moon are both on the same side of the Earth, the horizontal resultant is:  𝑎௛ =

𝑎ௌ + 𝑎ெ = 5.9 10−3 + 3.3 10−5 = 5.933 10−3 [
௠

௦మ] 

The final resultant acceleration pulls a bit the Earth in the direction of comu perhaps causing a shift 
of the Earth’s orbit plane around the sun. 

There is a subtle difference in the result when Sun and 
Moon are each on both sides of the Earth. 

  

𝑎ଵ 

𝑎௎ 

𝑎௎ 

𝑎ா 

𝑎ா 

comu 

Fig. 7 

𝑎ଶ 

𝑎௎ 

𝑎ா௎ 

Fig. 7a 

comu 



12 
 

The Importance of the Universe Mass 
The results obtained with Eq. (16) to (19) have significant importance when compared with those 
of Eq. (12) to (15). The change in the magnitude of the resultant accelerations cannot be 
disregarded when we consider the effects on Earth of the gravitational accelerations of distant 
galaxies or that of the Universe’s center of mass. 

By taking the situation in Fig. 4, we have the following acceleration differences when the position 
of comu is at the opposite side of the Earth: 

∆ୟଵ= (12) − (16) = 9.7621 − 9.7601 = 2 10−3 [
m

s2
] 

∆௔ଶ= (13) − (17) = −9.7718 + 9.7738 = 2 10−3 [
𝑚

𝑠2
] 

By taking the situation in Fig. 6, we have the same acceleration differences when the position of 
comu is at the opposite side of the Earth: 

∆௔ଵ= (14) − (18) = 9.7620 − 9.7600 = 2 10−3 [
𝑚

𝑠2
] 

∆௔ଶ= (15) − (19) = −9.7719 + 9.7739 = 2 10−3 [
𝑚

𝑠2
] 

This acceleration difference cannot be neglected, because it is much bigger than the gravitational 
acceleration of the Moon on Earth, and is more than one-third of that caused by the Sun. 

Remember that we calculated the effect of the mass of the Universe by taking a distance to its 
center of mass comu of 𝑟 = 10ଶଷ 𝑚, which seems to be acceptable. 

The “Tidal Force” is an Unnecessary, Isolated Theory 
Somebody invented the name of “tidal force” and developed a formula to explain the unbalances 
in accelerations, the tides, and the resulting deformation of the Earth. As we have proved in the 
present study, there is no need for such an isolated theory to explain the results and effects 
caused by the interaction of gravitational fields and accelerations of rotating bodies in the 
Universe. 

 

Conclusions 
It has been demonstrated that the Earth deformation (as well as any other celestial body) is of 
both types, static (constant) and dynamic. The constant deformation of Earth is caused by local 
accelerations, while the dynamic deformation is due to the gravitational accelerations from near 
celestial bodies and that from the Universe mass. It was also shown the importance of the 
Universe mass, not only as a cause of deformation, but also as an acceleration source that 
produces a dynamic change in motion of Earth. 

 

  



13 
 

APPENDIX 
Motion in spherical coordinates 

 

𝑥 = 𝑟 sin 𝜃 cos ∅ 

𝑦 = 𝑟 sin 𝜃 sin ∅ 

𝑧 = 𝑟 cos 𝜃 

The unit vectors are: 

𝑟̂ =
𝑟

𝑟
=

𝑥𝑥ො + 𝑦𝑦ො + 𝑧𝑧̂

𝑟
=  𝑥ො sin 𝜃 cos ∅ + 𝑦ො sin 𝜃 sin ∅ + 𝑧̂ cos 𝜃 

𝜃෠ = ∅෡ x 𝑟̂ =  𝑥ො cos 𝜃 cos ∅ + 𝑦ො cos 𝜃 sin ∅ − 𝑧̂ sin 𝜃 

∅෡ =
𝑧̂ x 𝑟̂

sin 𝜃
= −𝑥ො sin ∅ + 𝑦ො cos ∅ 

Since the unit vectors are not attached to the coordinate system axes, they are functions of time 
and can point in any direction. Therefore, they are not constant, and their time derivatives are not 
zero. 

The time derivative of the unit vectors 

𝑟̇̂ =
𝜕𝑟̂

𝜕𝑟
𝑟̇ +

𝜕𝑟̂

𝜕𝜃
𝜃̇ +

𝜕𝑟̂

𝜕∅
∅̇ =  𝜃̇𝜃෠ + ∅̇ sin 𝜃 ∅෡ 

𝜃෠̇ =
𝜕𝜃෠

𝜕𝑟
𝑟̇ +

𝜕𝜃෠

𝜕𝜃
𝜃̇ +

𝜕𝜃෠

𝜕∅
∅̇ =  −𝜃̇𝑟̂ + ∅̇ cos 𝜃 ∅෡ 

∅෡̇ =
𝜕∅෡

𝜕𝑟
𝑟̇ +

𝜕∅෡

𝜕𝜃
𝜃̇ +

𝜕∅෡

𝜕∅
∅̇ = −൫𝑟̂ sin 𝜃 + 𝜃෠ cos 𝜃൯∅̇ 

Velocity and Acceleration of a Point in Space (or a particle) 
The position vector is given by:   𝑟 = 𝑟𝑟̂  (1) 

Assuming that 𝑟 is not constant, the expression for the velocity of a point located at the tip of the 

position vector is:   𝑣⃗ = 𝑟̇ = 𝑟̇̂𝑟 + 𝑟̂𝑟̇ 

By replacing 𝑟̇̂ we obtain the final expression for the velocity with the three components: 

𝑣⃗ = 𝑟̇𝑟̂ + 𝑟𝜃̇𝜃෠ + 𝑟∅̇ sin 𝜃 ∅෡  (2) 

Next, to obtain the expression for the acceleration, we differentiate the velocity with respect to 
time:  

𝑎⃗ = 𝑟̇𝑟̇̂ + 𝑟̈𝑟̂ + 𝑟𝜃̇𝜃෠̇ + 𝑟̇𝜃̇𝜃෠ + 𝑟𝜃̈𝜃෠ + 𝑟∅̇ sin 𝜃 ∅෡̇ + 𝑟̇∅̇ sin 𝜃 ∅෡ + 𝑟∅̈ sin 𝜃 ∅෡ + 𝑟∅̇𝜃̇ cos 𝜃 ∅෡ 

By simplifying and ordering terms, we obtain the final expression for the acceleration: 

𝑎⃗ = ൫𝑟̈ − 𝑟𝜃̇ଶ − 𝑟∅̇ଶ𝑠𝑖𝑛ଶ𝜃൯𝑟̂ + ൫𝑟𝜃̈ + 2𝑟̇𝜃̇ − 𝑟∅̇ଶ sin 𝜃 cos 𝜃൯𝜃෠ + ൫𝑟∅̈ sin 𝜃 + 2𝑟𝜃̇∅̇ cos 𝜃 + 2𝑟̇∅̇ sin 𝜃൯∅෡     (3) 

Equation (3) shows the nine components of the acceleration, three for each direction. In general 
terms, we have:   𝑎⃗ = 𝑎௥𝑟̂ + 𝑎ఏ𝜃෠ + 𝑎∅∅෡ (4) 

+θ when measured clockwise from +z 
+ϕ when measured counterclockwise from +x 
+r when measured outwards from the origin 

ϕ 

θ 
y 

x 

z 

𝑟 

𝑟̂ 

𝜃෠ 

∅෡ 
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Components of a Resultant Force in Space 
Let’s suppose a body of ANY shape whose center of mass m is at the tip of the vector 𝑟⃗, as shown 
in the figure below. Let’s also assume that several forces are acting on the body and that the sum 

of all of them is the resultant force 𝐹⃗ which points in a certain direction in space. 

 

To find the components 
of this force in spherical 
coordinates, we have 
first to find its vertical 
and horizontal 

components (𝐹⃗௖ and 

𝐹⃗௣), and then find the 
projections of them on 
the three spatial 
directions (𝑟̂, 𝜃෠, ∅෡). 

𝐹⃗௖ = 𝐹 cos(𝜃ᇱ −
గ

ଶ
)    (5) 

𝐹⃗௣ = 𝐹 sin(𝜃ᇱ −
గ

ଶ
)     (6) 

 

 

 

 

 

The Polar Component 
This is the component of the force in the 𝜃෠ direction. 

𝐹⃗ఏ = 𝐹௣ cos(𝛽) = 𝐹௣ cos ቀ
గ

ଶ
− 𝜃ቁ = 𝐹௣ sin 𝜃 ; By replacing 𝐹௣ (Eq. 6):     𝐹⃗ఏ = 𝐹 sin ቀ𝜃ᇱ −

గ

ଶ
ቁ sin 𝜃 

Applying trigonometric identities and simplifying, we get: 

𝐹⃗ఏ = 𝐹 cos 𝜃ᇱ sin 𝜃   =    
𝐹

2
[sin(𝜃ᇱ + 𝜃) + sin(𝜃 − 𝜃ᇱ)]   =    

𝐹

2
[sin(𝜃ᇱ + 𝜃) − sin(𝜃ᇱ − 𝜃)] 

We define the sum and difference of polar angles as: 

𝜃௦ = (𝜃ᇱ + 𝜃)  and  𝜃ௗ = (𝜃ᇱ − 𝜃) 

The final expression of the polar force component is: 

𝑭ሬሬ⃗ 𝜽 =
𝑭

𝟐
(𝐬𝐢𝐧 𝜽𝒔 − 𝐬𝐢𝐧 𝜽𝒅)  (7) 

  

∅ᇱ 

𝐹௣ 

𝐹௖ଵ 
𝜃ᇱ 

𝐹௖ 𝜋

2
− 𝜃 

ϕ 

θ 

θ 
β 

𝑭 
𝑭𝜽 

𝑭∅ 

y 

x 

z 

𝛼 

𝑭𝒓 

𝑟 

𝑚 
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The Azimuthal Component 
This is the component of the force in the ∅෡ direction. 

𝐹⃗∅ = 𝐹௖ cos(𝛼) = 𝐹௖ cos(𝜋 − ∅ᇱ);  By replacing 𝐹௖ (Eq. 1):     𝐹⃗∅ = 𝐹 cos ቀ𝜃ᇱ −
గ

ଶ
ቁ cos(𝜋 − ∅ᇱ) 

Applying trigonometric identities, we get: 

𝐹⃗∅ = −𝐹 sin 𝜃ᇱ cos ∅ᇱ  =  −
𝐹

2
[sin(𝜃ᇱ + ∅ᇱ) + sin(𝜃ᇱ − ∅ᇱ)] 

The final expression of the azimuthal force component is: 

𝐹⃗∅ = −
ி

ଶ
[sin(𝜃ᇱ + ∅ᇱ) + sin(𝜃ᇱ − ∅ᇱ)]  (8) 

The Radial Component 
This is the component of the force in the 𝑟̂ direction. 

𝐹⃗௥ = 𝐹௖ଵ cos ቀ
గ

ଶ
− 𝜃ቁ  (9) 

𝐹⃗௖ଵ = 𝐹௖ cos(∅ᇱ − ∅);  𝐹⃗௖ = 𝐹 cos ቀ𝜃ᇱ −
గ

ଶ
ቁ 

By replacing 𝐹⃗௖ଵ and 𝐹⃗௖ in Eq. (9), we obtain: 

𝐹⃗௥ = 𝐹 cos ቀ𝜃ᇱ −
𝜋

2
ቁ  cos(∅ᇱ − ∅)  cos ቀ

𝜋

2
− 𝜃ቁ 

We define the difference of azimuthal angles as: 

∅ௗ = (∅ᇱ − ∅) 

Applying trigonometric identities, we get: 

𝐹⃗௥ = 𝐹 sin 𝜃ᇱ sin 𝜃 cos ∅ௗ  =   
𝐹

2
[cos(𝜃ᇱ − 𝜃) − cos(𝜃ᇱ + 𝜃)] cos ∅ௗ 

The final expression of the radial force component is: 

𝑭ሬሬ⃗ 𝒓 =
𝑭

𝟐
(𝐜𝐨𝐬 𝜽𝒅 − 𝐜𝐨𝐬 𝜽𝒔) 𝐜𝐨𝐬 ∅𝒅  (10) 

The Resultant Force 
The resultant force is given by sum of expressions (7), (8) and (10): 

𝐹⃗ = 𝐹௥ 𝑟̂ + 𝐹ఏ𝜃෠ + 𝐹∅∅෡  (11) 

𝐹⃗ =
ி

ଶ
(cos 𝜃ௗ − cos 𝜃௦) cos ∅ௗ 𝑟̂ +

ி

ଶ
(sin 𝜃௦ − sin 𝜃ௗ)𝜃෠ −

ி

ଶ
[sin(𝜃ᇱ + ∅ᇱ) + sin(𝜃ᇱ − ∅ᇱ)]∅෡ 

 (12) 

According to the second law of Newton, we have: 𝐹⃗ = 𝑚𝑎⃗  

From Eq. (4) and Eq. (11), we can write: 

𝐹௥𝑟̂ + 𝐹ఏ𝜃෠ + 𝐹∅∅෡ = 𝑚൫𝑎௥ 𝑟̂ + 𝑎ఏ𝜃෠ + 𝑎∅∅෡൯ 

Which means: 

𝐹௥ = 𝑚𝑎௥  𝐹ఏ = 𝑚𝑎ఏ  𝐹∅ = 𝑚𝑎∅ 
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The Spatial Motion Caused by the Resultant Force - System of Three Differential Equations 
By replacing the components from Eq. (3) and (12): 

𝑭

𝟐
(𝐜𝐨𝐬 𝜽𝒅 − 𝐜𝐨𝐬 𝜽𝒔) 𝐜𝐨𝐬 ∅𝒅 = 𝒎൫𝒓̈ − 𝒓𝜽̇𝟐 − 𝒓∅̇𝟐𝒔𝒊𝒏𝟐𝜽൯  (13) 

𝑭

𝟐
(𝐬𝐢𝐧 𝜽𝒔 − 𝐬𝐢𝐧 𝜽𝒅) = 𝒎൫𝒓𝜽̈ + 𝟐𝒓̇𝜽̇ − 𝒓∅̇𝟐 𝐬𝐢𝐧 𝜽 𝐜𝐨𝐬 𝜽൯  (14) 

−
𝑭

𝟐
[𝐬𝐢𝐧(𝜽ᇱ + ∅ᇱ) + 𝐬𝐢𝐧(𝜽ᇱ − ∅ᇱ)] = 𝒎൫𝒓∅̈ 𝐬𝐢𝐧 𝜽 + 𝟐𝒓𝜽̇∅̇ 𝐜𝐨𝐬 𝜽 + 𝟐𝒓̇∅̇ 𝐬𝐢𝐧 𝜽൯   (15) 

These equations describe the radial motion (13), the polar motion (14), and the azimuthal motion 
(15). 

This is a system of three differential equations that describe the motion in space resulting from the 

force 𝐹⃗ applied on mass m. 
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