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It's difficult to find a derivation of the Lorentz transformations beyond a single dimension in rectangular Cartesian coordinates.
Here, a rigorous general derivation is established.

An infinitesimal line element (differential) is expressed as:
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This is an invariant, unchanged in any coordinate system/reference frame - the gjj specified for each coordinate system/reference
frame.
In a specific coordinate system/reference frame type where the time ans space portions of this invariant may be seperated as follows:
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this system of N equations in N variables (u" ) is
NOT Linearly Independant.
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In order tp get to specific Lorentz Transformations, consider
Rectangular Cartesian Coordinates for each reference frame:
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so, between reference frames using
Rectangular Cartesian Coordinate Systems,



a Lorentz Transformation is given by:
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Thus, the complete Lorentz Transformations between reference frames using

Rectangular Cartesian Coordinate Systems, is given by:
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