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ABSTRACT 

The motion of the classical gyroscope is described in terms of spherical polar 

coordinates and it is shown that the gravitational attraction between its centre of mass and the 

earth's mass is countered by three dimensional centrifugal and Coriolis forces. The overall 

motion of the centre of mass is intricate and is governed by the expression for acceleration n 

spherical polars. The gyroscope's point of contact with the earth's surface may be elevated by 

an additional force or torque. ECE2 fluid dynamics is used to propose one such origin. 
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1. INTRODUCTION 

In recent papers of this series { 1 - 12} ECE2 fluid dynamics has been developed 

systematically, the basic concept being that spacetime, aether or vacuum is developed as a 

fluid governed by the laws of fluid dynamics in ECE2 format. In Section 2 the method is 

extended to rotational motion, the gyroscope being used as an example. This paper is a 

summary of detailed calculations found in the notes accompanying UFT367 on www.aias.us. 

Note 367(1) summarizes motion in plane polar coordinates and introduces the effect of the 

fluid spacetime through the convective derivative of a velocity field. Note 367(2) introduces 

the three dimensional Euler equations and discusses the basic concept of motion in a rotating 

frame- the dynamics of the axes themselves. Note 367(3) calculates the effect of adding the 

convective derivative of angular momentum to the laboratory frame torque on a gyro. The 

convective derivative represents the effect of a fluid spacetime on the gyro. Note 367( 4) 

considers gyroscope theory in classical dynamics, with the addition of the convective 

derivative. Note 365(5) is a force based evaluation of the gyroscope with considerations of 

the extra force due to the convective derivative, so the complete derivative of velocity 

becomes the convective derivative. Note 3\7(6) is the lagrangian development of the motion 

of a symmetric top with one point fixed. The geometry of this note can be adjusted to 

describe the well known experiment by Laithwaite in which the gyroscope is horizontal. Note 

367(7) defines the linear velocity and acceleration in spherical polar coordinates. Note 367(8) 

defines moving frame forces in terms of spherical polar coordinates and is the basis of 

Section 2 of this paper. 

2. THE GYROSCOPE IN SPHERICAL POLAR COORDINATES 

The fundamental concept ofthe moving frame (1, 2, 3) is the motion of its unit 
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where CV -- is the angular velocity: 

Therefore the force in frame ( 1, 2, 3) is defined { 1 - 12} by: 

CJ ~~) 

where the velocity is defined by: 
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Fig. ( ~ ) defines frame (1, 2, 3) in terms of spherical polar coordinates: 
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The force in the moving frame is: 
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where: 
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and: 

By galilean invariance in classical dynamics: 
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The force in the laboratory frame is the gravitational force on the centre of mass of 

the gyro of mass m: 
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where the acceleration due to the earth's gravity is: 

m& 
where M and Rare the mass and radius of the earth and G is Newton's constant. In spherical 

polar coordinates the radius vector is defined as: 
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where !::_< is the radial unit vector ofthe spherical polar coordinates. Note that the gyr~ is 

always governed by Eq. ( \\ ) and its point of contact cannot be elevated. This is every day 

experience as in a spinning top. In general: 
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In the gyro: 
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and: 

This describes a non spinning gyro, its motion is pure gravitational attraction between m and 

M. When the gyro is spun, Eq. ( \5 ) applies and the force of gravitation is counterbalanced 

as follows. 
_. 

In Eq. ( \ '::> ): 
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so equating k components: 

In the absence of spin: 



and: 

and the force of attraction is counterbalanced by three dimensional centrifugal and Corio lis 

forces. 

In the special case: 
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Eq. ( d.b ) reduces to the Leibnitz equation of planar orbits: 
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Therefore the gyro is a three dimensional orbit of its centre of mass about its point of contact 

with the earth's surface, QED. 

As described in UFT270, Eq. ( d....h ) contains constants of motion which will be 

developed in the next paper, and which simplify the problem of solving Eq. ( d.J,') . In ECE2 

fluid dynamics the complete 7rce is the convective)derivative: ~_{ ..J • (] \ --J _ (l q\ 
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and there is present in general a force that can elevate the point of the gyro: 



In ECE2 fluid dynamics the velocity of classical dynamics: 

-
is replaced by the velocity field: 
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where: 

for rotational motion. 

ECE2 fluid dynamics is capable of providing an explanation for well known 

experiments by Laithwaite and Shipov in which the point of the gyro is elevated. It may also 

be elevated, of course, by an applied mechanical force in the laboratory frame. 

3. NUMERICAL AND GRAPHICAL ANALYSIS 

Section by Dr. Horst Eckardt 
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