IOPScience

Home

Search Collections Journals About Contactus My IOPscience

Comment on ‘Lorentz transformations and the wave equation’

This content has been downloaded from IOPscience. Please scroll down to see the full text.

2017 Eur. J. Phys. 38 018001
(http://iopscience.iop.org/0143-0807/38/1/018001)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

This content was downloaded by: acruzado

IP Address: 131.221.0.8

This content was downloaded on 09/11/2016 at 15:01

Please note that terms and conditions apply.

iopscience.iop.org


http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0143-0807/38/1
http://iopscience.iop.org/0143-0807
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

10P Publishing European Journal of Physics

Eur. J. Phys. 38 (2017) 018001 (4pp) doi:10.1088,/0143-0807,/38,/1,/018001

Comment

Comment on ‘Lorentz transformations and
the wave equation’

Héctor O Di Rocco

Facultad de Ciencias Exactas, Universidad Nacional del Centro and IFAS-CIFICEN
(CONICET-UNCPBA), Pinto 399, 7000 Tandil, Argentina

Received 13 April 2016, revised 9 September 2016

Accepted for publication 17 October 2016

Published 9 November 2016 @
CrossMark

Abstract

In this comment we make some clarifications with respect to certain asump-

tions and demands required by Ricardo Heras in his paper entitled ‘Lorentz

transformations and the wave equation’ (2016 Eur. J. Phys. 37 025603).

1. Introduction

In [1] the author obtains the Lorentz transformations (LT) from the form invariance of the
wave equation. His method consisted in finding the LT after finding the transformations laws
for operators 9/0x and 0/0t in terms of operators 9/0x" and §/0¢'. Heras is competent in his
job and therefore this comment does not indicate errors in his paper. Our remarks are related
to two words used in his text: assuming and demand. Let us examine the first one: assuming.
Immediately before his equation (3), Heras wrote: ‘By assuming linearity for the involved
transformations of operators, we can write...”. But, is it possible to assume other transfor-
mation law? Can the undergraduate think that the assumed linearity is, in a way, arbitrary? It
must be clear that the LT between the pairs (x, t) and (x’, c’) must be linear. This was
properly emphasized by Einstein [2] and disclosed by Resnick [3]. Effectively, the length of a
rod cannot depend on its position in space. Similarly, the time interval between two events
cannot depend on the number indicated by the hands of the watch. An alternative
paragraph could be: ‘Considering the neccesary linearity for the involved transformations of
operators, we write...’.

The other concept is demand. To determine the value of his factor A (which we call AHeras
to avoid confusion with our proper notation below), Heras writes: ‘we demand ... should
appropriately reduce to the corresponding Galilean transformation 9/0t = 9/0t' — vd/0x’.
From this... if /0t = 0 then 8/0t' = v3/0x". Although this is plausible from the point of
view of physics, this assumption might seem necessary. It must be clear that it is not
necessary to demand the Galilean limit, because 9/0t' = v0/0x’ every time 9/0t = 0, as we
will see below.

In this work we start from the fact that transformations between pairs (x, ¢) and (x’, ct’)
must be linear, and with no other assumptions we arrive at the LT. Consider the standard
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configuration in which two intertial frames S and S’ are in relative motion with speed v along
direction xx’, as in [1]. Additionally, the transverse coordinates satisfy y = y,z=17.

The first of the equations, x’ = Ax + Bt = A[x + (B/A)t], implies that B = —vA.
Indeed, for an observer located at the origin of §’, the proposition x’ = 0 must be identical to
the proposition x = vt because for observers in S the origins of the two frames are separated
by a distance v [3]. Then

X =Ax —vt], t =Cx+ Dt (D)
with the inverse transformations

_ Dx' + vAY . —Cx' + A

X= e = @)
AMD +vC) AD +v0C)
As we know, the Galilean and Lorentzian values are:
Galilean | Lorentzian
A 1 v
B — — W (3)
C 0 — w/c?
D 1 ¥
with
1
V= 4)

J1 = /e’

but this is not relevant at this point since all the work will be made in terms of A, C and D.
To correlate the quantities in the system S with those of the system S’ we transform the
operators of the unidimensional wave equation

02U 19

- - = 5

Ox? c? or? ®)
in the form

0/0x = A9/0x' + CO/or, 6)
and

0/0t = —vAD/0x" + DO/ot’ @)
so that

92 92 52 92

— =A2 2AC C? 8

Ox2 Ox'? + ox'or + ot'? ®
and

0?2 2 0? 02 02

— =242 — 2VAD—— + D2 . 9

o "ot T T axar a2 ©)

Replacing the right-hand side of equations (8) and (9) in equation (5), it results that, in
general

242 2 2 2 2
(AZ_VA)6\II+2(Ac+vAD)8\II _(D__Cz)a\y (10)

c? ) ox'? 2 Joxor | 2 o'’
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If now we assume the postulate of relativity (form invariance for the wave equation), then
the second term of the left-hand side must be canceled and, necessarily

—vD

C=— (11

c

The condition given by equation (11) is impossible for the Galilean transformations
because C = 0 but D = 0 (see the table (3)). Replacing equation (11) in equation (10), and
canceling the common factor (1 — (v/c)?), we obtain

OV _ D2

o7 2o
and requiring the form invariance 920 /9x"> = (1/¢2)92W/d¢"* (postulate of the constance of
the speed of light), D = A and C = —vA/c?. Therefore, it is clear that in equation (7) when
0/0t = 0 then 9/0t' = vd/0x" with no assumption of a Galilean limit.
With the values of C and D in terms of A, equations (1) take the form

X =A@ — ) (12)
and
¢ = a(- L) (13)
c
and (2)
& + vt
A(l —v2%/c?) (14
and

(zx +7)
t=—" 7
Al —v3/c?)
To keep the form between pairs x” and x as well as between ¢’ and ¢, it is required that
_ 1
A(l —v2/c?)

5)

SO

A= _ (16)

1 —v2/c?
and therefore D = v and C = —v/ ¢?, as shown in the table in (3).

If the above argument (keep the form) looks a little artificial to the reader, we can
calculate the difference in the coordinates of two events corresponding to the ends of a rigid
rule, measured simultaneously in the system § (therefore # = 1,):

Xy — X = A(xs — xp)
whereas for the analogous situation in S’ (therefore #/ = t;):
_ Xy —
A(l —v2/c?)’
Then, if in each system, the lengths L = x, — x; (in S) and L' = x2’ — xl/ (in S") are equal
(i.e.: lm), the length contraction is reciprocal when A = 7.

X2 — X
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Finally, it is interesting to note that the expresion for AH™S, which with the known
notation 5 = v/c, is

AHeras:,y(1+6): 1+ﬁ

1-p
In addition to having been obtained by Parker and Schmieg, as mentioned by Heras in his
[5], this was also obtained by Moriconi [4] and Di Rocco [5] in their treatments of special
relativity using the frequency as the essential concept, without using the LT, which are
obtained a posteriori.
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