Einstein’s derivation of the Lorentz Transformations
In this essay I will first clarify the content of Einstein’s Relativity Principle and Light Postulate before analysing their role in his derivation of the Lorentz transformations. 
Einstein’s Relativity Principle (RP): 
“The laws by which the states of physical systems undergo changes are not affected[footnoteRef:1], whether these changes of state be referred to the one of the other of two systems of co-ordinates in uniform translator motion.” (Einstein’s statement of the Relativity Principle in 1905) [1:  “are not effected” means in effect that the laws take the same form. ] 

For Einstein the RP was a phenomenological principle which asserts that the fundamental laws of physics hold in all inertial frames. The context in which Einstein’s paper was published, and explicit comments made by him in later years on the subject, make it clear that Einstein considered Special Relativity a principle theory. The paradigm example of a principle theory is thermodynamics; a theory based around empirical postulates rather than constructed from a more basic understanding of matter’s constituent parts. The discovery of the granular structure of light had destabilised scientific understanding and so Einstein sought a theory where an understanding of the internal structure of light was not necessary. The RP and LP were the empirical postulates of his principle theory. The results of experiments conducted within different systems in uniform translatory motion had always been seen to lead to the same results and so Einstein hypothesised that the laws of physical systems are invariant between frames of references and then raised this hypothesis to the status of a postulate. 
“The Newtonian principle of relativity is expressed in our freedom to transform coordinate systems by a Galilean transformation, the special principle of relativity in our freedom to transform by a Lorentz transformation”
Once it is understood that RP is a phenomenological principle it is arguably clear that the above statement is misguided. Although the frame independence of forces is derivable from the Galilean transformations and you can derive that the speed of light is constant from the Lorentz transformations; specifying the spacetime structure is not sufficient to capture the sense of the relativity principle. Stating that we are free to transform by a Lorentz transform does not to me seem to encapsulate the idea that experimental results are invariant between inertial frames. Nor is it necessary to refer to spacetime structures. The RP can be, and is by Einstein, expressed without reference to the spacetime structure it is formed in. (The explanation I gave in my second paragraph of Einstein’s RP did not refer to the structure of spacetime). 
Furthermore, given that the RP plays a key role in the derivation of the Lorentz transforms, if it were just an expression of the transformations, Einstein’s derivation would seem circular. This is not the case. Einstein starts from the RP and LP (and a few other assumptions) and derives the Lorentz transformations which predict physical effects, such as time dilation, which have been experimentally verified. 
It seems to me also worth commenting that the above quote implies that there is a clear distinction between the “Newtonian principle of relativity” and the “special principle of relativity” when I would argue that they are in fact more or less equivalent. Newton’s principle of relativity is stated in Corollary V as: “when bodies are enclosed in a given space, their motions in relation to one another are the same whether the space is at rest or whether it is moving uniformly straight forward without circular motion”.  One might be tempted to draw a distinction between Newton’s and Einstein’s principles by pointing to the fact that Newton’s principle only refers to the “motion” of “bodies”; however, arguably this apparent distinction can be disregarded as electrical and magnetic forces were both considered part of mechanics in Newton’s time. Given we are considering essentially one principle it does not make sense to regard it as expressed by two quite different sets of transformations. (Note, I do not think appealing to the fact that the Galilean transforms are an approximation to the Lorentz transforms at low speeds would help get around this objection because it’s not as though Newton’s RP is any significant sense an approximation to Einstein’s). 
For the above three reasons (that RP can be expressed independently of a spacetime structure, that Einstein’s derivation is non-circular and the similarity between Newton and Einstein’s RPs) it would seem that the RP is not just an expression of our freedom to transform by a Lorentz transformation. The RP could to some extent be expressed in this way but it is neither necessary nor sufficient to.
Einstein’s Light Postulate: 
“Any ray of light moves in the “stationary” system of coordinates with a determined velocity c, whether the ray be emitted by a stationary body or a moving body. Hence;
velocity = light path/ time interval
where time interval is to be taken in the sense of the definition in section 1.”
(Einstein’s statement of the Light postulate in 1905)
Before I discuss how Einstein’s Light Postulate is to be interpreted let me define some important terms in relation to how the speed of light might be considered “constant”. 
Source independent- In a particular reference frame, the speed light measured by an observer does not depend on the speed of the source which emits it.
Isotropic- the speed of light in a reference frame does not depend on the direction in space through which it propagates.
Invariant- the speed of light is independent of the reference frame in which it is measured.[footnoteRef:2] [2:  Slightly unsure of this definition. Is it logically/physically possible for something to be invariant but not isotropic?  ] 

Einstein’s statement of the LP explicitly states the source speed independence and implicitly includes the isotropy of the speed of a ray of light in a particular reference frame. The invariance of the speed of light is not included in the LP itself.
It is important to note whether we are discussing the one or two way speed of light. Without a synchronicity convention we have no way of spreading time across space and so no way of measuring the one way speed of light. 
Einstein sets out his synchronicity convention, in the “section 1” referred to in the quote, as follows. Einstein considers a light ray which travels from clock A at Ta to a mirror at clock B at Tb which reflects it back to clock A again where it arrives at Ta’. Einstein establishes “by definition that the ‘time’ required by light to travel from A to B equals the ‘time’ it requires to travel from B to A”. In this way Tb is defined: 

The “hence” in Einstein’s statement of LP only follows if Einstein is taken to be referring to the two way speed of light in a defined frame of reference. That “velocity = distance travelled/ time interval” where time interval is taken to include intervals such as “tb – ta” does not follow from the source independence and isotropy of the speed of light alone, it also requires the synchronicity convention. 
I do not think it matters whether Einstein’s LP is taken as referring to the two-way or one-way speed of light. The important thing to note is that overall the derivation requires the isotropy and source independence of the two way speed of light, the synchronicity convention and the RP to extend the constancy of the speed of light to all frames of reference. (Note, without setting the one way speed as isotropic by convention, and leaving the constant C in the synchronicity convention you do derive relativistic transformations; they are just more complex than Einstein’s Lorentz transforms).
Sketch outline of Einstein’s 1905 derivation:
Einstein considers a frame of reference K (with coordinates X, Y, Z, T) moving with speed v along the positive x-axis relative to the `stationary' system k (with coordinates x, y, z and t). The coordinates of k are measured by rods and clocks that are stationary relative to k with the clocks synchronised using Einstein’s synchronicity convention. Einstein then argues as follows:
Step 1: Derivation of T in terms of the coordinates of stationary system.
The homogeneity of space and time requires that the transformations are linear functions.[endnoteRef:1] With this restriction on their form and the synchronicity convention) it is just algebra to derive a formula for T as a function of x, t, c, v and f(v).  [1:  This is because if no region of space or time is privileged then the form of the x transformations must not be dependent on x (and likewise for the t transformation). Einstein did not mention it but it is the combination of isotropy and homogeneity which entails linearity. Reciprocity entails that the inverse of the transformations be of the same form; this is the case for linear functions. ] 

Step 2: Derivation of f(v)- Lorentz transformations.
Using the constancy of the speed of light in a moving frame (which is derived from LP and RP) and considering a light ray emitted at T=0 in the direction of the relative velocity of the frames, it is possible to derive X as the function of x, t, c, v and an unknown function f(v).[endnoteRef:2] By similarly considering a light ray in y and z directions it is possible to obtain four equations for T, X, Y, Z in terms of t, x, y, z, v, c and f(v).  [2:  This is done by writing down expressions for the relationship between X and T and then x’ (apparent x coordinate a measured by in k in moving frame of reference) and t and rearranging using the first equation obtained in step 1 for T.] 

Step 3: Proof that f(v) =1.
RP[endnoteRef:3], combined with reciprocity (the principle that if a frame S is moving with velocity v in the x direction relative to frame S’ then frame S’ is moving with velocity –v in the x direction), the isotropy of space, and empirical facts regarding the limit as v tends to 0; can be used to argue that f(v)=1[endnoteRef:4]. This leaves us with the Lorentz transforms.  [3:  RP entails that the f(v)-Lorentz Transforms form a group. If you consider a third reference frame K’, as by RP the laws must be of the same form in all reference frames, the transformation from k to K’ must be equivalent a transformation from k to K and K to K’. ]  [4:  Frame K’ is taken to be moving with velocity –v in x direction with respect to K, reciprocity is assumed, successive f(v)-Lorentz Transforms from k to K to K’ are calculated and from these, given K’ and k are not in relative motion, it is clear that f(v)f(-v) = 1. (This can actually be shown more simply by looking at the y/z transforms and arguing that if y=f(v)y’ then y’=f(-v)y and so f(v)f(-v) = 1). Given spatial isotropy, f(v) = f(-v). Thus, f(v)= +/- 1. By considering limit as f(v)→0  as x → x’ it is clear we can disregard the negative solution and conclude f(v)=1.
] 

The Role of the Relativity Principle and the Light Postulate in the derivation of the Lorentz Transforms:
The relativity principle plays two key roles in Einstein’s derivation of the Lorentz transforms. 
Firstly, RP is used to infer from the light principle that the two-way light speed is frame independent. If the two way speed of light did in fact vary between frames of reference then, as it would be possible to differentiate between frames of reference using the different values obtained for the speed of light, RP would be violated.  The constancy of the speed of light is then used in the derivation of the f(v)-Lorentz Transforms. 
Secondly, RP is used to show that f(v)=1. Einstein does not state it in these terms but essentially the RP is used to justify the claim that the Lorentz Transforms form a group. The transformations between any two frames have to take the same form in order for no frame of reference to be privileged. However, the RP is not sufficient to show that f(v) =1. There is a set of transformations called the Bogolsky-Budden transformations where the f(v)-Lorentz transformations can have a constant;

In this equation for f(v), n may take any real value and still satisfy the relativity principle and the invariance of the speed of light. It is possible to empirically determine what value n should take as it affects the physics that is observed. For instance if n were to be ½ then there would be no time dilation in the Lorentz transformations. As we can test empirically for time dilations we can determine whether or not n is equal to ½. Alternatively, as Einstein does, the reciprocity and isotropy of space can be used.
The light postulate is used in step 2 of Einstein’s derivation to derive the f(v)-Lorentz transforms. The light postulate specifies that two-way speed of light is constant (isotropic and source speed independent) within a given frame. This, combined with RP, as explained above, means that the two way speed of light is constant in all frames of reference. The derivation compares the motion of a ray of light as viewed in a “stationary” and a moving frame using the constancy of the two way speed of light in both frames to generate the f(v)-transforms. [footnoteRef:3] [3:  Is the LP also necessary for Newton’s synchronicity convention? Originally I thought so but now I don’t because I think you could use the convention even if, say, time wasn’t isotropic… the resultant spacetime structure would just look odd. ] 

In summary; RP and LP are used to derive the source speed independence and isotropy of light in all frames of reference. This combined with the synchronicity convention can be used to derive the f(v)-Lorentz transforms. RP in combination with reciprocity and the isotropy of space allows us to deduce the Lorentz transforms. 









Tute notes:
We are always free in some sense to transform by coordinate transform reference frame… but in some possible worlds it might change the form of the equation. Ie. If you have absolute velocity dependent forces (relative velocity dependant forces like friction don’t count). Then a force might look like F(v) = av^2 in one frame of reference and F(v)=a (v’+b)^2 in the frame of reference moving with velocity –b wrt the first frame of reference.  
But when you say that someone is “free to transform by Lorentz transforms or Galilean what is generally meant is that you can transform coordinate reference frame and the laws remain in the same form.
As such, RP can be expressed by saying that form of any law must be invariant under coordinate transformations. (If RP is phenomenological then we need extra step to argue that difference in form leads to difference in experiments. This can be done… I’m not quite sure how but looking at the converse… say they did change forms as they did in the velocity example then in one case the there would be no acceleration when v=0 in the other when v=-b). 
Same form. X goes to x’/x dot goes to x dot ‘/ constants stay the same etc. 
There are different statements you might identifiy with being the relativity principle. Not really fundamental philosophical issue. Experimental law is epistemologically prior. Theoretical metaphysically. 
You could take minkowski spacetime as basic and build up to Lorentz transforms and then RP. (Instead of going the other way as Einstein does)
But can you talk of spacetime in itself? Brown- all you mean by Minkowski spacetime is that things are Lorentz invariant. 

