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Abstract
There are different properties of nature. In this paper we have studied reciprocals of different things from different point of view. We have reviewed many books and papers and hence we have accumulated all these things about reciprocal phenomena. In this paper we have studied the reciprocal system of physical theory, reciprocal operations, reciprocal lattice, reciprocal teaching. There are different types of Lorentz transformations such as Special, Most general, Mixed number, Geometric product, and Quaternion Lorentz transformations. In this paper we have also studied the reciprocal property of the above Lorentz transformations.

Key Words: Reciprocals, Reciprocal System of Physical theory, Reciprocal lattice, Reciprocal Teaching, Lorentz transformation, Special Lorentz transformation, Most general Lorentz transformation, Mixed number Lorentz transformation, Geometric product Lorentz transformation, Quaternion Lorentz Transformation.


1. Introduction: Everything in nature has different properties. The inverse of everything must have a feature. We are interested to discuss these things that are reciprocal of something. In this paper we have studied the reciprocal system of physical theory, reciprocal operations, reciprocal lattice, reciprocal teaching and the reciprocal property of different types of Lorentz transformations.
1.1 The Reciprocal System of Physical Theory
[bookmark: Motion_versus_Matter_Paradigms]The Reciprocal System of Physical Theory (RST) is a new system of physical theory  in which the properties of all physical entities from the photons of radiation, to subatomic particles, to the atoms of elements, to galactic clusters, is deduced solely on the basis of the assumption that the universe consists of nothing but motion, as opposed to the conventional assumption that the universe consists of matter contained by space and time, as in quantum theory, or consists of an interaction between matter and space time, as in general relativity[1]. 
1.1.1 Motion versus Matter Paradigms 
Larson’s RST and the reciprocal system theory (RSt), which he developed using it, are a complete departure from existing physical theories, based on the traditional system of physical theory, such as general relativity, quantum mechanics, big bang, string theories, etc. Indeed, the RSt is the first ever general physical theory of the universe. Larson believed that the failure to recognize that motion is the most basic physical constituent of the universe has handicapped the progress of the traditional study of physics, which focuses on forces. He defended this startling conclusion, by arguing that, since matter can be converted into non-matter (e.g. energy) and vice-versa, there must be a common denominator between matter and non-matter [1]. 
All existing physical theory is based on the assumption that the universe in which we live is a universe of matter, one in which the fundamental entities are “elementary units” of matter existing in a framework provided by space and time. This concept is no longer tenable, because many ways are now known in which matter can be transformed into non-matter, and obviously that which can be changed into something else is not basic. There clearly must be some common denominator underlying both of these inter convertible entities. Energy is the fundamental unit upon which modern physics is founded, not matter; these two are clearly inter convertible. Although, Larson concedes that the idea that motion is the basic entity of the universe is certainly not a new one. Descartes’ idea that matter might be merely a series of vortexes in the ether but Eddington ,Hobbes and other scientists and philosophers have devoted much time to a study of similar possibilities[1]. 
However, while these efforts have never proven fruitful in the past, Larson blames the previous failures of the concept on the lack of recognition that the universe “is composed entirely of motion.” Previous investigators failed, he asserts, because “they did not use this concept in its pure form. Instead, they invariably employed a hybrid structure, which retained elements of the previously accepted matter concept”. For example, he quotes Hobbes’ contention that all things have “one universal cause, which is motion”, but, he writes, “The assertion that all things are caused by motion is something quite different from saying that they are motions [1].” 

[bookmark: Motion_and_Matter_Paradigm]
[bookmark: Nothing_But_Motion_Paradigm]1.1.2 Nothing but Motion Paradigm
To appreciate what Larson means when he says that the universe is composed entirely of motion, one must recall that, in a universe of matter, a background or setting is necessary in which matter can exist and interact. It is assumed that space and time provide this setting for matter, but since motion itself is defined by the ratio of space to time, in a universe of nothing but motion, space and time cannot be a background or setting for itself [1]. 
However, in a universe of nothing but motion, the definition of motion stems from the same simple equation of velocity, v = ds/dt, that we are accustomed to using in physics, but the fact that no properties of an object appear in this equation is taken to mean that the delta of space magnitude in the equation, ds, requires no object to define it, just as the delta of time magnitude in the equation, dt, requires no object to define it. Instead of depending upon the change of the location of an object to define an arbitrary “quantum” of space per “quantum” of time, such as miles per hour, or meters per second, the RST assumes that the observed universal passage, or progression, of time is one aspect of a universal motion that necessarily must be accompanied by a universal “passage,” or progression, of space. The reciprocal relation of these two aspects of the posited universal motion constitutes the sole meaning of space and time, in the universe of motion, and, therefore, their properties are the properties defined by a universal magnitude of motion, a magnitude that is assumed to be the observed constant speed of light [1]. 
Thus, there is a huge difference between the assumption of a universe of matter, where the space aspect of the only motion recognized is defined solely by changes in the locations of matter against a background of space and time, and the assumption of a universe of motion, where the space aspect of motion is first defined as the reciprocal aspect of time, in a universal equation of motion, which actually defines matter in a given location. Indeed, in the physical universe defined by motion, radiation, matter, and energy, all have a common denominator, the discrete units of motion, instances of which are measured in terms of the ratio in the rates of change of their two, reciprocal, aspects, space and time. The difference in the necessary consequences that follow from these two radically different assumptions, as to the nature of space and time, diverge dramatically [1]. 

[bookmark: The_Gravity_of_the_Universe_of_Motion]1.1.3 The Gravity of the Universe of Motion
For example, the RST predicts unequivocally that gravitational radiation, a requirement of general relativity, does not exist, and that gravity operates instantaneously without the need for any medium or continuum, such as the four-dimensional (4D), curved, space time continuum of general relativity, and that it operates without the need for any process of energy transmission between gravitating bodies. This is in complete accord with existing observations, although it is at odds with existing theory, which requires that gravitating mass aggregates transfer energy by means of radiation at the speed of light [1]. 
[bookmark: The_Geometry_of_the_Universe_of_Motion]1.1.4 The Geometry of the Universe of Motion
The RST posits that the geometry of the universe is flat, which is consistent with recent observations of the cosmic microwave background (CMB) radiation. It also is completely consistent with the value of the cosmological parameter, Omega, which is precisely equal to one. However, these data are in conflict with traditional big bang cosmology, where Euclidean (flat) geometry would appear to be highly unlikely. Currently, the ad hoc theory of cosmic inflation is the method accepted by most physicists for overcoming this apparent contradiction in the big bang theory. Nevertheless, it’s important that the issue doesn’t even arise in the RST since matter can’t affect a background or setting that does not exist in the theory, and the need for an expedient such as the ad hoc big bang theory to explain the expansion of the universe, and the need for an ad hoc theory of inflation to explain its rate of expansion and large-scale structure, are fully superfluous [1]. 

[bookmark: The_Expansion_of_the_Universe_of_Motion]1.1.5 The Expansion of the Universe of Motion
Now, with the recent discovery of the accelerating expansion of the universe, another puzzling and dramatic anomaly is exacerbating the problems of the cosmologists. The observed acceleration is thought to be produced by a gravity-like repulsive force. Some quantum physics theorists think that this force, dubbed “dark energy,” by Michael Turner of the University of Chicago, might be vacuum energy, represented by the “cosmological constant” (Λ) in general relativity. Others speculate that it possibly could be something called “Quintessence.” While this new force is thought to be similar to gravity, and though it is in conflict with established theories, a similar outward motion has been an integral part of Larson’s RST-based theory from its beginning, and is a major component in his calculations and explanations of both the large-scale structure of the universe and its atomic and molecular scale structure. In Larson’s theory, this motion plays a fundamental and crucial role in the recession of galaxies and galaxy clusters, star and galaxy formation, and the explosions of stars and galaxies called supernovae, without the need for the big bang explosion or black holes to explain these processes. In fact, the new system enabled Larson to predict galactic scale explosions (quasars) in the 1959 publication, several years before they were confirmed by observation in the early 1960s[1]. 

[bookmark: The_Consequences_in_the_Observable_Unive]1.1.6 The Consequences in the Observable Universe of Motion 
While, it is not known if Larson ever commented on this Einstein story, it nonetheless serves to graphically illustrate an important difference that exists between his RST-based theory and existing theories of matter. As Larson writes (Universe of Motion, 1984):
Stars and galaxies are found in the existing astronomical theories because they are put into these theories. They are aggregates of matter, they exert gravitational forces, and they emit radiation, and so on, in the theoretical picture, because this information was put into the theories. On the other hand, the Reciprocal System of theory is independent of existing scientific thought. Stars and galaxies composed of matter appear in this theory, but neither these objects nor the matter itself are put into the theory; they are consequences of the theory: results that necessarily follow from the only things that are put into the theory, the postulated properties of space and time [1]. 
 The reason Larson can make this claim has to do with the unusual nature of the RST-based theory itself. Unlike existing physical theory that Richard Feynman characterized as “a multitude of different parts and pieces that do not fit together very well,”[1]. 
The RSt, Larson says, has no empirical content. It bases all of its conclusions solely on the postulated properties of space and time. The theoretical deductions from these postulates provide for the existence of the various physical entities and phenomena-matter, radiation, electrical and magnetic phenomena, gravitation, etc.-as well as establishing the relations between these entities. Since all conclusions are derived from the same premises, the theoretical system is a completely integrated structure, contrasting sharply with the currently accepted body of physical theory [1]. 
 In other words, the RST-based RSt is a general theory of nature, unprecedented in the history of science, which defines a complete theoretical universe. The test of the theory resides in the comparison of its consequences with the observed physical universe. A short list of the major consequences [1] of the RSt that have been developed so far follows below: 
Scalar motion: The concept of motion in the RSt is defined by the RST’s fundamental postulates from which everything in the RSt is deduced. This new definition of motion, and the postulates of space and time that make it possible, constitute a new system of physical theory, the RST. Scalar motion is a super set of the ordinary vectorial motion with which we are familiar, and has unusual properties that sometimes prevent it from being recognized as motion in the limited representation of the conventional reference system. However, it is the basic constituent of the theoretical universe from which all things derive.
Radiating photons: Beginning with the updated definition of motion, the RSt derives the existence of theoretical entities that have the properties of electromagnetic radiation, photons, which propagate outward from their source at the speed of light in all directions. 
Subatomic entities: Continuing the development by logically extending the initial units of motion, or photons, into combinations of units, additional theoretical entities emerge from the theory that correspond to more advanced physical entities including electrons, positrons, neutrinos, protons, and neutrons. Properties of these entities, their mass, charge, and inertia, also begin to manifest themselves as a result of certain configurations of these motion combinations. 
Non-nuclear atomic model: Compounding these motion combinations further produces a theoretical entity with the properties of the corresponding physical atom of hydrogen. Moreover, there is no electron - proton/neutron pair presents in the RSt model of the atom, as there is in the nuclear model, but only a total combination of units of motion built up in succession from photon, to electron, to neutron, to proton, to atom, etc. Hence, there is no need for wave equations and the principle of uncertainty to explain the properties of electrons, protons, etc, in atoms, because, in the RSt, they don’t exist as such within the atom, as its constituent parts.
The periodic order of the elements: As the combination of motions continues to build, the RSt accurately derives the elements in correct order without employing the concept of electrons orbiting an atomic nucleus, and predicts that the maximum number of elements in the periodic table is 117. With this insight from the RSt, it is possible to construct a theoretically derived, alternate, representation of the periodic table of elements called the wheel of motion that more clearly illustrates its periodic nature and the theoretical relations of its series of elements. 
Physical constants: In the RSt, one of the greatest mysteries of physics, the origin of the so-called “fundamental constants,” is finally explained and the constants are shown to reduce to unity and disappear when all quantities are expressed in the natural units of motion of the theory. 
The basic properties of matter: The RSt predicts four states of matter: the gaseous state, the vapor state, the liquid state and the solid state. Based on the properties that define these states, Larson makes theoretical predictions for a large number of properties of a range of chemical species, including atomic mass, viscosity; inter atomic distance, compressibility and heat capacity. These values are calculated from simple, closed-form, analytic formulas, a vast improvement on the complex calculations required to make theoretical predictions under quantum mechanics. 
The source of electric charge, electric current, electromagnetism and magneto statics: Special cases of the motion, which constitutes matter in the RSt, produce forces that are identified with electric charge and magnetism. The relationship between these motions produces electromagnetic interaction phenomena including induction of electrical current and production of magnetic fields, eliminating the inherent contradictions in existing theory, wherein the electron is assigned two mutually exclusive roles in the electrical theory of the structure of matter, and in the theory of electric current. It also shows clearly why magnetic monopoles cannot exist. 
The effect of high speed in the equation of motion: For example, the precession of the perihelion of the planet Mercury. This problem was first solved using Einstein’s equations of general relativity, which assumes relative values of space-time in the equations of motion, as opposed to Newton’s assumption that space and time should be treated as absolute concepts in the equations of motion. Larson, in the RSt, also assumes absolute values of space and time, but goes beyond Newton in the definition of these crucial concepts. Using these definitions, K.V.K. Nehru produced a paper describing the orbital motion of high-speed planets. The result he found from the RSt was precisely the same as that from relativity. Hence, the RSt is fully in agreement with accurate measurements of Mercury’s orbit, but without sacrificing the concepts of absolute space and time, as relativity theory is required to do. 
Radiactive Decay of Elements: As combinations of motion are compounded in the heavier elements, instabilities arise resulting in the spontaneous ejection of some of the combined motions constituting mass (alpha decay) in some cases, and the ejection of less complex combinations in others (beta decay.) 
The energy production process of stars: In the RSt, the energy produced in the stars is not produced by nuclear fusion, as in current theory. Instead it is the result of a much more powerful ionization process that involves the complete transformation of matter into energy, yielding magnitudes of energy capable of accounting for the most energetic events observed today, when these are adjusted down in accordance with certain theoretical considerations. 
Speed faster than speed of light: Although the RSt agrees with current theory that speeds faster than the speed of light are not possible in space, it does not agree that this limit is an absolute limit of the universe in general. In fact, many of the perplexing astronomical phenomena, which, in a universe of matter, are difficult to explain, are shown to be phenomena resulting in speeds that are in the range of two and three times faster than the speed of light in the universe of motion. 
[bookmark: The_Consequences_Beyond_the_Observable_U]1.1.7 The Consequences [1] beyond the Observable Universe of Motion:
The consequences of the RST postulates don’t stop with the observable universe, but also extend into the observationally unknown and inaccessible regions of the universe. To understand how these consequences develop, it is necessary to understand the nature and the details of the definition of motion in the RST from which all things in the theory based on it are derived. 
Understanding this concept of motion enables one to see that motion in time is as natural and as comprehensible as motion in space. Motion in time is the reciprocal of motion in space. Time is three-dimensional and space is scalar in this motion, which is the inverse of motion in space, where space is three-dimensional and time is scalar. Thus, an entirely new sector of the universe is suddenly brought into view that consists of an inverse relationship of time and space. In this inverse sector, which Larson calls the Cosmic sector, physical phenomena such as radiation, matter, gravitation, etc., act, react and interact just as they do in our sector, which Larson calls the Material sector of the universe. 
However, because of the inverse relation of time and space, the two sectors are mutually inaccessible from each other. Therefore, only processes where the boundaries of the two sectors exist can be examined directly. These are the regions of the very small and the very fast. In the region of the very small, the boundary exists at the limit of one unit of space, or one unit of time (motion, in the RST, is postulated as existing in discrete units.) This limit is called the unit boundary and on the velocity (space) side of it, motion in space is possible, but beyond it, on the energy (time) side of the equation, motion in space is not possible, but only motion in time. Thus, when motion is examined beyond the unit boundary, its nature is radically altered and seems to possess strange properties. Phenomena in this regime are known as quantum phenomena and are termed non-local phenomena by conventional physicists. In the region of the very fast, the boundary exists at the limit of unit speed, the speed of light. This limit is called unit speed, and on the velocity (space) side of it, motion in space is possible, but beyond it, on the energy (time) side of the equation, motion in space is not possible, but only motion in time. Thus, when motion is examined beyond the unit speed boundary, its nature is radically altered and seems to possess strange properties. Phenomena in this regime are unrecognized by conventional physicists as connected with motion in time, but are noted as strange and bizarre astronomical phenomena. 
[bookmark: Atomic_Scale_.28Unit_Boundary.29_Phenome]1.1.8 Atomic Scale (Unit Boundary) Phenomena [1]:
Since motion at these two boundaries inverts, that is, the relation of the space and time terms in the equation are altered, one should expect that the properties of the associated physical entities are altered as well. One of the most important properties of matter is mass. In the RST-based RSt, mass is the measure of the inward motion of matter and is the motion that gives rise to phenomenon of gravity and inertia. Thus, at the unit boundary, the inversion of the motion, from motion in space, to motion in time, occurs on the small scale, the atomic, or molecular, scale of matter, where the distance between atoms, or molecules of atoms, is reduced to one unit of space or time. 
When the inversion takes place, upon crossing the unit boundary, the direction of the inward motion of the atom or atoms towards other atoms, which constitutes the mass of the atom, inverts to outward, and the opposing outward motion of the Material sector (motion causing the expansion of the Material sector) inverts to the inward direction. Like the coupling mechanism of train cars, this inversion of the direction of the two principle motions involved binds the atoms together. These bonds can be varied and complex depending upon the nature of the atoms or molecules of atoms involved and the environment in which the encounter takes place, but in general the bonding results in a solid, liquid, vapor, or gaseous, state (and admixtures of the same) of the matter. 
[bookmark: Large_Scale_.28Unit_Speed_Boundary.29_Ph]1.1.9 Large Scale (Unit Speed Boundary) Phenomena: 
On the other hand, at the unit speed boundary, the inversion of the motion, from motion in space, to motion in time, occurs on the large scale, the stellar, or galactic, scale of matter, where the speed of great aggregates of matter is increased to unit speed by means of explosions of unimaginable power. When the inversion takes place, upon crossing the unit speed boundary (the speed of light), the direction of the outward motion of the aggregate in space, inverts to inward, and the opposing motion of gravity inverts to the outward direction. These motions, which are now motion in time, thus reverse roles, and what was formerly an inward gravitational motion, is now an outward motion in the Cosmic sector (motion causing the expansion of the Cosmic sector,) and the motion that was the outward speed of the aggregate in space, now becomes the inward gravitational motion in time. The effect on the matter is enormous, essentially decomposing it from the perspective of the Material sector, where it was formerly concentrated, and concentrating it in the Cosmic sector, where it was formerly decomposed from the perspective of the Cosmic sector. These effects can be varied and complex depending upon the nature of the matter aggregates involved and the environment in which the high speeds are reached, but in general, the inversion of space and time that results produces white dwarfs, pulsars, quasars, etc., with their strange and bizarre properties that are so difficult to reconcile in current theories [1]. 
As the high-speed aggregates of matter exit one sector of the universe, they enter the inverse sector as high-speed, dispersed atoms of matter, known as cosmic rays. Subject to the processes of the gravity and the expansion motions of their new environment, they once again begin to aggregate and concentrate, forming matter, stars, galaxies, and clusters of galaxies, over billions of years, until, eventually, they are propelled in huge concentrations over the boundary once again as the process cycles through the eternities. Thus, like a phoenix rising from its own ashes, we see a universe of ever expanding proportions, and yet one which will never grow old and die, because it is constantly being renewed. Truly, a universe of motion [1]. 
2. Thermal conductivity:

The reciprocal of thermal conductivity is thermal resistivity, usually measured in Kelvin-meters per watt (K·m·W−1).When dealing with a known amount of material, its thermal conductance and the reciprocal property, thermal resistance, can be described[2]. Conductance:
For general scientific use, thermal conductance is the quantity of heat that passes in unit time through a plate of particular area and thickness when its opposite faces differ in temperature by one Kelvin. For a plate of thermal conductivity k, area A and thickness L this is kA/L, measured in W·K−1 (equivalent to: W/°C). Thermal conductivity and conductance are analogous to electrical conductivity (A·m−1·V−1) and to electrical conductance (A·V−1)[2].
There is also a measure known as heat transfer co-efficient:  the quantity of heat that passes in unit time through unit area of a plate of particular thickness when its opposite faces differ in temperature by one Kelvin. The reciprocal is thermal insulance[2].
3. Receprocal operations: Multiplication and division are reciprocal operations, times ( * ) and divide ( / ) are reciprocal operators. Addition and subtraction are reciprocal operations, add ( + ) and subtract ( - ) are reciprocal operators.


Multiplication: When two factors are are multiplied together and evaluate to the Multiplicative-Identity unity ( 1 ), each factor is a reciprocal of the other. Each is the inverse of the other. For; x and  are reciprocal to each other [3]. 


4. Logarithms: If then where x is called logarithms of y based on x. The reciprocal property of logarithm is logbx = logax / logab.     
5. Reciprocals of irrational numbers:
Every number excluding zero has a reciprocal, and reciprocals of certain irrational numbers  often can prove useful for reasons linked to the irrational number in question. Examples of this are the reciprocal of e (≈ 0.367879), which is special because no other positive number can produce a lower number when put to the power of itself; and the golden ratio’s reciprocal (≈ 0.618034), which is exactly one less than the golden ratio; the golden ratio is the only positive number with this property [3].
There are an infinite number of irrational reciprocal pairs that differ by an integer (giving the curious effect that the pairs share their infinite mantissa). These pairs can be found by simplifying n+√(n2+1) for any integer n, and taking the reciprocal. For example, n = 2 produces 2+√5, whose reciprocal 1/(2+√5) is -2+√5, exactly 4 less[3].
6. Reciprocal Teaching technology:
Reciprocal teaching is a strategy used to help pupils develop a better understanding of what is presented in any given text. It encourages interactive dialogue or discussion between teacher and learners and is mostly used with pupils who have adequate reading ability. A benefit of reciprocal teaching includes helping pupils to read and strategically learn textbook material in a systematic manner. The developmental stages and ages of pupils determine the role that the teacher plays in modeling the strategy or actively facilitating the interactive dialogue or discussion [4].
[image: Reciprocal Teaching  Visual Concept Diagram]Reciprocal Teaching Visual Concept Diagram [4]
The Four Principles of Reciprocal Teaching [4]
·   Summarizing-
Pupils tell or explain what they have read from any given selection from a text. Pupils summarize and highlight (can be in the form of an outline) the important information in the text. 
· Question Generating-
After reading and summarizing the selection in the text, questions are formulated related to the information. These questions are meant to help pupils further understand the selection that has been read. 
· Clarifying- 
Any concepts or vocabulary that is troublesome or difficult to understand is discussed. Attempts are made to clarify the concepts or words either by the teacher or by utilizing available resources to help bring meaning and clarification to the passage or selection in the text. 
· Predicting- 
Pupils further discuss the selection in the text and make predictions about what will follow in the text. Pupils rely on prior knowledge at this point and attempt to make meaningful connections related to what they are reading and what they already know. 
· Procedures
A selection of any given text is distributed or assigned to pupils individually or in a group (a teacher can also be included in the reading of the text depending on the ages and stages of pupils). 
A discussion then takes place between teacher and pupils (or between the pupils assigned to small groups) about the selection. 
If small groups are used, a group leader is assigned. In any case, a discussion leader leads the discussion on a given passage or selection and creates a summary of what was read, generates a question or set of questions to explore, identifies concepts or terms that need clarification, and leads the discussion that will ultimately determine a prediction about what will be discussed next in the text. 





7. Reciprocal Space and Lattice Vectors:





Lattice: An order is a lattice if supand infexists for all[5].
Example of lattices


     
 





Figure: Lattices [5]                              and                          
Reciprocal Space: Reciprocal space position vectors are described as a linear combinations of the reciprocal or dual basis vectors (contra variant, dimensions: length)
With dimensionless co-efficients (covariant components).Reciprocal space points are obtained by adding the reciprocal space position vectors to an origin, which, unlike the real-space origin, is not arbitrary [6].
Reciprocal Lattice Vectors: Reciprocal lattice vectors are linear combinations of the reciprocal or dual basis vectors with integral components. There is a set of reciprocal lattice in the momentum space (k-space) – something we see in diffraction measurement [6].
    [image: ]                      [image: ]
Direct Lattice                                                                   Reciprocal Lattice

Reciprocal of Reciprocal: The Direct Lattice is the reciprocal of its own reciprocal Lattice [6].
8. Reciprocal property of Different types of Lorentz transformations:
Reciprocal property: If we take reciprocal of any velocity in the velocity addition formula then the resultant velocity will be reciprocal.
Special Lorentz transformation









Consider two inertial frames of Reference  and where the frame  is at rest and the frame is moving along X-axis with velocity V with respect to  frame. The space and time coordinates of  and are (x, y, z, t) and (x, y, z, t) respectively. Then the relation between the coordinates of  and  is called Special Lorentz transformation which can be written as [7]

                                                                  (1)

And                                                         (2)
Most general Lorentz transformation






When the velocity  of with respect to   is not along X-axis i.e. the velocity  has three components Vx, Vy and Vz. Then the relation between the coordinates of  and  is called Most general Lorentz transformation which can be written as [8]

                                                                                                           (3)
and

                                                                                                     (4)


Where , in unit of C
Mixed number Lorentz transformation






In the case of the Most General Lorentz transformation, the velocity  of S' with respect to  is not along the X-axis; i.e., the velocity  has three components, Vx, Vy, and Vz. Let in this case Z and Z' be the space parts in   and S' frames, respectively. Then using the mixed product   , the Mixed number Lorentz transformations [9 –12] can be written as

                                                                                             (5)

And                                                                                    (6)
Geometric product Lorentz transformation






In this case the velocity  of S' with respect to  also has three components, Vx, Vy, and Vz as the Most general Lorentz transformation. Let in this case  and  be the space parts in  and S' frames respectively. Then using the  geometric product of two vectors     the     Geometric product Lorentz transformation [13, 14] can be written as   

                                                                                                (7)       

And                                                                                      (8)
Quaternion Lorentz transformation







In this case the velocity  of S' with respect to  has also three components, Vx, Vy, and Vz as the Most general Lorentz transformation. Let in this case and  be the space parts in  and S' frames respectively. Then using the quaternion product     the     Quaternion Lorentz transformation [15-18] can be written as 

                                                                                                (9)    

And                                                                                     (10)                                                   
Reciprocal Property of Different types of Lorentz transformations

8.1 Reciprocal property of Special Lorentz transformation
The velocity addition formula for the Special Lorentz transformation [19] can be written as      
                                                                                                                                 (11)                                   



If we replace U by  then  will be change to  where 
       
   
   
 


So, 





Similarly, If we replace  by  then  will be change to   then we have    
        
Consequently, the Special Lorentz transformation satisfies the Reciprocal property.
8.2 Reciprocal property of Most general Lorentz transformation
The velocity addition formula for Most general Lorentz transformation [20] we have



Where






If we replace  by  where  then  will be change to  where 
       
           





where



Reciprocal property demands that if then 


After some calculations [21] we have found that 
Consequently, the Most general Lorentz transformation does not satisfy the Reciprocal property.
8.3 Reciprocal property of Mixed number Lorentz transformation 
The velocity addition formula for Mixed number Lorentz transformation [20] we have







If we replace  by  where  then  will be change to  where 


  

Reciprocal property demands that if then 




After some calculations [21] we have found that

Similarly






If we replace  by  where then  will be change to where 
                                                                                
Consequently, the   Mixed number Lorentz transformation satisfies the reciprocal property. 
8.4 Reciprocal property of Geometric product Lorentz transformation
The velocity addition formula for Geometric product Lorentz transformation [20] we have







If we replace  by  where  then  will be change to  where 


  

Reciprocal property demands that if then 




After some calculations [21] we have found that

Consequently, the   Geometric product Lorentz transformation does not satisfy the reciprocal property. 
8.5 Reciprocal property of Quaternion Lorentz transformation
The velocity addition formula for Quaternion Lorentz transformation [20] we have







If we replace  by  where  then  will be change to  where 


  

Reciprocal property demands that if then 




After some calculations [21] we have found that

[bookmark: graphic06]Consequently, the   Quaternion Lorentz transformation does not satisfy the reciprocal property. 
9. Conclusion

The reciprocals of different things has been discussed where we understand the feature of reciprocal at a short position. The reciprocal property of different Lorentz transformations has been discussed and we have obtained that Special and Mixed number Lorentz transformations satisfy the Reciprocal property. Most general, Geometric product and Quaternion Lorentz transformations do not satisfy the reciprocal property. This will help for further study about reciprocal Phenomena in Physics.
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