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ALTERNATIVE UNDERSTANDING OF GRAVITY AS RESULT OF MOVEMENT OF MASSES IN FOUR-DIMENSIONAL SPACE

An alternative approach to understanding gravitation is proposed and its possible technological application is described. A confirmation of the proposed approach is shown basing on observations of interacting spiral galaxies and positive results of experiments with Airbus company. The proposed idea is based on the assumption that movement of masses along the fourth coordinate causes a gravitational attraction similar to the attraction of electric currents flowing in the same direction. A new form of gravity force equation is proposed. The principle of the gravity induction is described as well as its possible application for gravitational propulsion.

INTRODUCTION

I started to look for alternative ways to describe gravity in search for possible technical applications that can arise from a new approach. The research has led me to certain ideas that do not contradict the facts and at the same time predict interesting phenomena under certain conditions.

Briefly speaking, the basic idea evolved from a comparison of gravity to a magnetic attraction of parallel electric currents. If the currents are oriented perpendicular to our three-dimensional space, then gravity would be similar to the magnetic field caused by the electric currents flowing in the same direction. The inverse-square law for the gravity force follows from that the gravity interaction takes place through a threedimensional space. The beauty of the idea is that the movement of mass itself causes gravity interaction just like a movement of an electric charge causes a magnetic field. Since all the masses move in the same direction along the fourth coordinate at a very high constant speed, under ordinary conditions we see only gravity attraction of masses that do not seem to be fast moving in our frame of reference. However, in special cases described below certain interesting phenomena are expected to be found, including gravity induction that can be used for propulsion.

INTERACTION OF PARALLEL ELECTRIC CONDUCTORS

Let us consider the following example from electromagnetism, illustrating the Ampere's force. There are two infinite parallel conductors in vacuum at the distance 𝑟 from each other. The currents 𝐼 1 and 𝐼 2 of the conductors are flowing in the same direction (see Pic 1).

Pic. 1.

According to the Biot-Savart law, a conductor creates the following magnetic field at distance 𝑟:

𝐵 1 (𝑟) = 𝜇 0 2𝜋 𝐼 1 𝑟 (1)
where 𝐵 1 is the magnetic field of the first conductor, 𝜇 0 is the magnetic constant, I 1 is the current of the first conductor, 𝑟 is the distance separating the conductors.

As it follows from the Ampere's force law, the first conductor acts on the second one with following force:

𝑑𝑭 ⃗ ⃗ 1-2 = 𝐼 2 𝑑𝒍 × 𝑩 ⃗⃗ 1 (𝑟) (2)
According to the right-hand rule, the force 𝑑𝑭 ⃗ ⃗ 1-2 is directed to the first conductor, meaning that the conductors are attracting. The previous formula can also be written in the following way:

𝑭 ⃗ ⃗ 1-2 = 𝑰 2 × 𝑩 ⃗⃗ 1 (𝑟) (3)
This law is a three-dimensional prototype of the basic equation of the proposed description of gravity.

GRAVITY FIELD VECTOR

The gravity field G generated by a single particle m in four dimensions can be shown as follows:
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where the square plane represents the threedimensional space 𝑮 is the gravity field vector, an analogue of vector 𝑩 in electromagnetism, that shows the direction and the magnitude of the gravitational field at a certain point, 𝑴 is the mass current, generated by movement of mass 𝑚 along the fourth coordinate, and analogue of 𝑰 in electromagnetism, 𝑟 is the distance from the mass to the point, at which the vector 𝑮 is located.

We use the same "right hand" rule from electromagnetism to find the direction of the vector 𝑮 in a 4D diagram. The previous diagram is an analogue of the following diagram from electromagnetism:

Pic. 3.
where 𝑩 is the magnetic field vector, 𝑰 is the current generated by movement of a charge 𝑞, 𝑟 is the distance.

The question is how to depict the 𝑮 vector in a 3D space. An ordinary vector cannot be used here, because the vector 𝑮 must be perpendicular to the radius 𝑟 and at the same time must be represented in the same form at any point on a 3D sphere formed by the radius 𝑟:

Pic. 4.
We need another geometrical object to represent the vector 𝑮 -a bivector.

USAGE OF BIVECTORS

A bivector is a quantity in geometric algebra or exterior algebra that generalizes the idea of a vector. Geometrically, a simple bivector can be interpreted as an oriented plane segment, much as vectors can be thought of as directed line segments. For the bivector a ^ b, its magnitude is the area of the parallelogram with edges a and b. The Pic. 6.

In our case, the gravity field bivector 𝑮 is represented by two vectors 𝒈 1 ^𝒈2 . And its magnitude is equal to the magnitude of the cross product of 𝒈 1 and 𝒈 2 :

|𝑮| = |𝒈 1 × 𝒈 2 | (5)
We can draw the vector 𝑮 in the following way in 3D space: Pic. 7.

FOUR-DIMENSIONAL CROSS PRODUCT

To obtain the gravitational field equation we need to write down the equation from electromagnetism

𝑭 ⃗ ⃗ 1-2 = 𝑰 2 × 𝑩 ⃗⃗ 1 (𝑟) (6) in the following form 𝑭 ⃗ ⃗ 1-2 = 𝑴 ⃗⃗⃗ 2 × 𝑮 ⃗⃗ 1 (𝑟) (7)
but here the vector 𝑮 ⃗⃗ 1 is a bivector that can be represented by two orthogonal components 𝒈 ⃗⃗ 1 1 and 𝒈 ⃗⃗ 1 2 .

𝑭 ⃗ ⃗ 1-2 = 𝑴 ⃗⃗⃗ 2 × 𝑮 ⃗⃗ 1 = 𝑴 ⃗⃗⃗ 2 × 𝒈 ⃗⃗ 1 1 × 𝒈 ⃗⃗ 1 2 (8)
A cross product of three vectors is not defined in 3 dimensions, but it exists in 4 dimensions.

Let us take three 4-dimensional vectors: 𝒖 = (𝑢 1, 𝑢 2, 𝑢 3, 𝑢 4 ), 𝒗 = (𝑣 1, 𝑣 2, 𝑣 3, 𝑣 4 ) and 𝒘 = (𝑤 1, 𝑤 2, 𝑤 3, 𝑤 4 ). The vector 𝒖 × 𝒗 × 𝒘 is orthogonal to 𝒖, 𝒗, 𝒘 and changes by sign if any two of the vectors are switched. The length of 𝒖 × 𝒗 × 𝒘 is the volume of the parallelepiped with edges 𝒖, 𝒗, 𝒘. The 4D cross product can be written in terms of coordinates in the following way:

𝒖 × 𝒗 × 𝒘 = det [ 𝒊 𝒋 𝒌 𝒍 𝑢 1 𝑢 2 𝑢 3 𝑢 4 𝑣 1 𝑣 2 𝑣 3 𝑣 4 𝑤 1 𝑤 2 𝑤 3 𝑤 4 ] (9)
The determinant of the matrix is

𝒖 × 𝒗 × 𝒘 = 𝒊 | 𝑢 2 𝑢 3 𝑢 4 𝑣 2 𝑣 3 𝑣 4 𝑤 2 𝑤 3 𝑤 4 | -𝒋 | 𝑢 1 𝑢 3 𝑢 4 𝑣 1 𝑣 3 𝑣 4 𝑤 1 𝑤 3 𝑤 4 | + + 𝒌 | 𝑢 1 𝑢 2 𝑢 4 𝑣 1 𝑣 2 𝑣 4 𝑤 1 𝑤 2 𝑤 4 | -𝒍 | 𝑢 1 𝑢 2 𝑢 3 𝑣 1 𝑣 2 𝑣 3 𝑤 1 𝑤 2 𝑤 3 | (10)

INVERSE-SQUARE LAW

In the case of parallel currents from electromagnetism, the vector B is in inverse ratio to distance r:

𝐵 1 (𝑟) = 𝜇 0 2𝜋 𝐼 1 𝑟 (11)
In case of 4-dimensional currents, there will be a 1/𝑟 2 -dependence of the gravitational field vector G on distance:

𝐺 1 = 𝐾 𝑀 1 𝑟 2 (12)
where K is a constant coefficient. The 1/𝑟 2dependence exists in this case because here the inverse-square law must be applied. The inversesquare law is generally applied when some force, energy, or other conserved quantity is radiated outward radially in a three-dimensional space from a point source. Since the surface area of a sphere (which is 4𝜋𝑟 2 ) is proportional to the square of the radius, as the emitted radiation gets farther from the source, it is spread out over an area that is increasing in proportion to the square of the distance from the source.

Pic. 8. Hence, the intensity of radiation passing through any unit area (directly facing the point source) is inversely proportional to the square of the distance from the point source. Therefore, an application of the inverse-square law follows from the quantity of dimensions of the space through which the gravity field is propagated.

SPEED OF MASS ALONG THE FOURTH COORDINATE AND BIG BANG

The assumption of a motion of all masses in the same direction, perpendicular to the 3D space is in correspondence with the model of expanding Universe and the Big Bang theory. According to one of the common models, the space of our Universe has a positive curvature and can be thought of as an expanding 3D sphere, which is a surface of a 4D ball. Since the moment of the Big Bang the matter in the Universe is flying apart from a certain point in a 4D space (see Pic. 9). Pic. 9. Velocities of masses are equal in magnitude and oriented in the same direction due to an expansion of the Universe.

As for the speed of this motion, since at the early stages of the Universe it was filled only with light, with pure energy, we can assume that the expansion along the fourth coordinate is going on at the speed of light:

𝑣 4 = 𝑐 (13)
In electromagnetism there is the following formula for the electric current

𝐼 = ΔQ Δt (14)
That is an electric current is equal to the quantity of charges passing through a conductor in a period of time. In case of gravity, the mass current will be

𝑀 = Δ𝑚 Δt = 𝑚 ΔS 4 Δt = 𝑚𝑣 4 = 𝑚𝑐 (15)
where Δ𝑚 is the total quantity of mass passing in the period of time Δt, ΔS 4 is the distance passed by the mass 𝑚 along the fourth coordinate in time Δt, 𝑣 4 is the speed of mass along the fourth coordinate, 𝑐 is the speed of light.

GRAVITY FORCE EQUATION

Basing on the above-mentioned assumptions, the basic equation for the force of gravity can be The surface of the 4D expanding ball is our 3D Universe v1 v2

written using a four-dimensional cross product as follows:

𝑭 ⃗ ⃗ 1-2 = 𝑴 ⃗⃗⃗ 2 × 𝑮 ⃗⃗ 1 (𝑟)

(16) |𝑮 𝟏 (𝑟)| = 𝐾 𝑀 1 𝑟 2 (17)
where 𝑭 ⃗ ⃗ 1-2 is the force, with which the mass m1 affects the mass m2. 𝑀 1 is the value of the current generated by movement of mass m1, 𝑴 𝟐 is the vector of the current generated by movement of mass m2, 𝑮 ⃗⃗ 1 is the bivector representing the gravity field of mass m1 at the point of location of mass m2, 𝑟 is the distance from the mass to the point where the vector 𝑮 ⃗⃗ 1 is located, 𝐾 is a constant.

The following diagrams show the movement of masses, the orientation of gravity field vector and the gravity attraction force in 4 and 3 dimensions: Pic. 10. Pic. 11.

ORIENTATION OF INTERACTING SPIRAL GALAXIES

Since the speed of masses along the fourth coordinate is expected to be equal to the speed of light, noticeable effects can be observed when a significant amount of mass moves at a high speed in our 3D space or in case of relatively slow moving massive systems that are isolated from exterior influence for rather long periods of time. An example of such isolated systems are interacting spiral galaxies.

Interacting spiral galaxies are massive diskshaped rotating systems located close to each other. The galaxies are usually at the stage of approaching that usually results in a confluence. The fact that the galaxies interact only with gravity forces makes them an ideal natural laboratory for observing gravitational phenomena.

If the proposed understanding of gravity is true, then there must be a dependency of gravity force on the direction of moving masses. Particles moving in the same direction must experience a stronger gravity attraction than particles moving in opposite directions (see Pic. 12). Pic. 12. Attraction forces of two masses moving in the same (a) and opposite (b) directions.

Thus, according to the abovementioned assumptions, spiral galaxies must tend to acquire the following two mutual orientation while approaching:

Case A: rotation in the same direction in parallel planes above each other, Pic. 13. Case A. The phenomenon of a preferred mutual orientation of interacting spiral galaxies is also admitted by other researchers. For example, as stated in an article by Helou, G. [START_REF] Helou | Spin statistics in binary galaxies -Implications for formation and evolution[END_REF]: "A strong anticorrelation is found, whereby the spins of companion galaxies avoid being parallel and favor being antiparallel."

PROPULSION BASED ON GRAVITY INDUCTION PRINCIPLE

One of the interesting consequences of the proposed description of gravity is a prediction of a gravity induction phenomenon, which basically must resemble an electromagnetic induction.

According to the theory of electromagnetism, the Faraday's electromagnetic induction law defines an appearance of an electromotive force in case of an alternating magnetic field:

ℇ = - 𝑑Φ B 𝑑𝑡 (18)
where ℇ is the electromotive force, Φ B is the magnetic flux, 𝑡 is time.

The generated electric current can be found by the following formula:

I = ℇ R ⁄ ( 19 
)
where R is resistance.

The induced electric current is proportional to the electromotive force. Therefore, a larger change (in magnitude and speed) in the magnetic field will result in a larger electromotive force in the conductor, which will cause an appearance of an induced electric current.

If we apply the same approach to gravity, we can expect that an alteration of the gravitation field G of certain configuration will cause a mass current M:

Pic. 24.
The mass current is a motion of mass. Thus, the field of the above configuration will cause an acceleration of mass in the 3D space. If the principle is true, the expected gravity induction phenomenon can be used for a construction of a gravity propulsion device.

EXPERIMENTS

To investigate and to prove the existence of the gravitation induction phenomenon, predicted by the theory, experiments should be performed. Therefore, Airbus, as a potential user of the theory, was approached in 2011. A presentation of the theory was given in 2012 in Ottobrunn, Germany. As a result, it was decided to conduct tests.

A test stand, based on a simplified concept, was developed and built. Two tests were performed in July 2015 and in January 2016 in Munich. The test stand (see Pic. 30) consisted of six aluminum wheels with a testing mass in the center in a plastic tube. The wheels with a mass of 5 kg were 36 cm in diameter and were accelerated by six powerful electric motors up to 3,000 RPM in 0.5 -1 second. A weighing sensor was used to measure a change in weight of the test mass. The test masses were an aluminum cylinder and a stone. The wheels were accelerated in forward and in opposite directions to test an expected decrease and an increase in weight.

Pic. 30.

Positive results of an average change in weight were observed in 80% of the measurements despite the presence of vibrations and oscillations. The magnitude of the effect was assessed at about 1.5 -3 grams per 1 kg. Due to oscillations the average weight per second changed by 0.02 -0.4 grams. Despite the positive indications, the magnitude of the effect was insufficient to be used as a propulsion method in practice at this stage. However, the goal of the experiment was reached, the predicted effect was observed. The author performed all the analysis of the experimental data and the conclusions are only the author's personal conclusions.

CONCLUSION

The author believes that the research in the field must be continued, since there are positive indications that the theory can be valid -the experimental results and observations. The theory is simple in mathematical form and that is a good sign too, since all the basic laws of nature are simple. The measured forces were of low magnitude, but it was the simplest possible test carried out. Much larger effects are expected to be achieved since an acceleration of a vehicle is dependent not only on the speed of rotating masses, but also on their acceleration. The author will be glad to receive any opinion and feedback on these ideas from the scientific society.

  following parallel plane segments correspond to the same bivector a ^ b: Pic. 5. In three dimensions, all bivectors can be generated by the exterior product of two vectors. Exterior product of vectors is a generalization of a cross product. If the bivector B = a ^ b then the magnitude of B is |𝑩| = |𝒂||𝒃| sin 𝜃 (4) where θ is the angle between the vectors. The cross product 𝒂 × 𝒃 is orthogonal to the bivector a ^ b.

  Case B: rotation in opposite directions in the same plane side by side. Pic. 14. Case B. And vice versa, the following cases of mutual orientation must be rare: Case anti-A: rotation in opposite directions in parallel planes above each other, Case anti-B: rotation in the same direction in the same plane side by side. An analysis of the nine closest pairs of interacting spiral galaxies brought the following results concerning their mutual orientation:  Right (as expected, Cases A or B): 4 cases  Neutral (neither «right» nor «wrong»): 3 cases  Wrong (unexpected, Cases anti-A or anti-B): 0 cases  Undefined (correspondence cannot be determined): 2 cases. . Galaxies NGC 4567 & NGC 4568. Orientation: «Undefined». Pic. 23. Galaxies from Stephan's Quintet (NGC 7317). Orientation: «Right» (Case B).

A

  mass rotating along a circle will generate the following field G: Pic. 25. Let us consider a mass moving along a circular spiral (along a surface of a torus). It will generate a field G of the following configuration: Pic. 26. This is the exact field configuration that we need. If we put a mass in the center of the torus and accelerate masses along spiral (blue lines on Pic.26), an alternating gravity field of this type will cause an induced current M of mass m in our 3D space (see Pic. 27). Pic. 27. Therefore, there are two basic variants of trajectories T along which masses must be accelerated to cause an induced gravitational acceleration A of the central mass M (see Pic. 28 and 29 showing spiral and circular trajectories). Pic. 28. Pic. 29.