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Abstract. As a correction of the Lorentz transformation, the Magic transformation eliminates a
hidden logical danger of the Lorentz transformation. With the second order square matrix, a
new derivation of the Magic transformation is given. The Magic transformation may be a
reasonable modification of the Lorentz transformation in theory, and it is hoped that it will
arouse the attention of physicists.

1. Introduction
In order to explain the experimental results of Michelson-Morey, as early as 1900, J. J. Larmor set up
the formulae now generally known as the Lorentz transformation ™ ®2)_ It is as follows.

Assuming that S system and S’ system coincide with the coordinate origin at the time of t=0 and the
coordinate axis of S’ system always keeps parallel with the coordinate axis of S system. Compared
with S system, S’ system moves in a straight line with a uniform speed v andV is the unit vector of the
speed v. The coordinate of the event P in S system is (X, t) and the coordinate in S’ system is (X, t').
The speed of light is ¢ and the Lorentz transformation gives the relation between (x, t) and (x’, t'){21%69),
That is

2 1)

Assuming that u’ is the velocity of a particle in S’ system and u is the velocity of it in S system,
Lorentz transformation also gives the relation between u’ and u. That is (269

u':ﬂ—)“i_u %j (u—(u-\7)\7)+ﬁl\j_)\\7/—/_c\2/). @)

Where V is a unit vector in the direction v (Printing errors in the original formula were corrected
when quoted).

In four dimensional space-time and 4-velocity notation, assuming that x=(x1, Xz, Xs)", X=(X1, X2, X3,
iCt)T, X’ :(X1’ , Xo! , X3’ ) ict’ )T, V=(V1,V2,V3)T, V=(V1,V2,V3,V4)T=(yv1, PV2, YVs, iCy)T, V2=V12+V22+V32,

y =J7/\/1—iv2/c2 ), Eq. (1) can be written conveniently as®!
X'=L(V)X,
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In 2003, Wu and Li found a logical contradiction in Lorentz transformation . It is as follows.
Suppose another frame S"is in a rectilinear motion with constant velocity u relative to the frame S,
then S"is in a rectilinear motion with constant velocity u’ given by Eq. (2) relative to the frame S’. In
frame S"”, the space-time coordinates of the event P can be obtained in two ways:
X"=x'L(u’) =xL(v) L(u") 3)
and
X"=XL(u). 4)
However, if u and v are not parallel, then the results of the two ways are not the same!
Therefore, Wu and Li proposed a new transformation called the Magic transformation !!:
vV, £V, FV, -V,
V, V, =V, -V, (5)
Vv, 3V, V, -V,[
vV, VvV, V, V,
It is believed that X'=L(V)X should be revised to X=M(V)X. In 2011, Wu, Zhang, et al gave the
velocity transformation formula between the old and the new coordinate systems under the magic

transformation ©®1, That is
1 uxv.
u' = Al U—VE—ri |,
1-(u-v/c?) c

This is obviously different from Eqg. (2) under the Lorentz transformation given.
In this paper, a new derivation of the Magic transformation is proposed, and a new form of the
Magic transformation is also given.

M) =

1
ic

H+ +

2. Square matrix of the event coordinates in relativity theory

The special theory of relativity negates the simultaneous absoluteness in Newtonian mechanics, and
holds that the space-time interval (rather than the time difference) of two events is invariant in the
coordinate transformation of different inertial systems. According to this interval invariance, the

second order square matrix can be used to represent the coordinates of the events ©-:
ct+x y+iz
X - . y (6)
y—l1z ct—x

It is noted that the determinant |X| is equal to the space-time interval s® between the event P at the
coordinate (ct, x, y, z) and the event O at the origin of time and space (0,0,0,0). Its determinant is
invariant when X is multiplied on the left or the right by a second order square matrix whose
determinant equals 1. Therefore, the transformation coefficient Matrix of coordinates between
different Inertial Systems shall be a second order square matrix whose determinant is equal to 1.

Eq. (6) is used to derive the inherent time 7 to obtain another representation of the 4-velocity:

U:(%H_ux uy+iuz} @
u,—iu, x-u,

Here
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y =1/ 1-(?/c?) = 1+ (0?/c?),

Vi =VE VD4V

ux :7Vx’ uy :]/Vy, uz :7/\/2'
For a stationary particle relative to a coordinate system, the 4-velocity is:

U(O)=(; SchE.

Similarly, this form can be used to write the four dimensional momentum, the four dimensional
acceleration, the four dimensional force as well as other four dimensional vectors of particles.

3. New derivation of the Magic transformation
Assuming that S’ system moves at a constant velocity of 4-velocity

(VoY V,+iV,
IR VAR VARV

V72 +V7 +V?
(here Vo=yoc= C\/1+ <42 3
C

of the assumptions is the same as before. The coordinate of the event P occurring at X coordinate in S
system is X' in S’ system. Assuming that

= \/cz +V,” +V;? +V,” ) with respect to S system, and the rest

X'=MX, (8)

U'= (dM JX + MU.
dr

Obviously, M should only depend on V. Because S’ system moves in a uniform linear motion with

respect to S system, V does not change with time, and thus M does not change with time. That is

d_M =0. Therefore

dr

Therefore

U’'=MU. 9)
That is, under the inertial system transformation, the 4-velocity should have the same
transformation form as the coordinate.
When U=V, it is obvious that U'=U(0)=cE, then
M)V =cE,
M(V)=cV ™ (10)
The elementary line transformation is used to obtain the inverse matrix VV * of the 4-velocity V. As
V0+Y1 Vz + iV3 10 rx(Vo+V; ) 1_ (Vz + iVs )/(V 0+V1) 1/(\/0 +Vl) 0
V,—-i1V, VsV, [0 1 V, —iV. ViV, 0 1
R VARS VA2 YWVe,) 0
oV O_Vl - (V22 +V32 )/ (V iVa )/ (V 0+V1) 1
1 (Vz +iV, )/(Vo +V1) 1/(\/0 +V1) 0) vy
0 Cz/(vo +V1) (_Vz + 'Vs)/(vo +V1) 1

r=(Vo—iVa)n N [
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1 (VZ + IV3 )/(V 0+Vl) ]7/(\/ O+Vl) 0 n-r, (Vo +iV3)/(V otV ) N
0 1 (=V, +iVy)/c?  (VgV,)/c?

1o Tl v cw, {1 0| Wev)e? (—vz—ivg)/cj
0 1 (—vzfiLv:)/c2 Vorv)/er ) O LIEVarivi)fet  (Varv)/et )
Therefore,
Vl_i( V —vz—ivs}
=V, +iV, VsV,
1 VeV,  -V,—iV,
M(\/):E(—V2+iv3 VY, J D

To all appearances |M|=1.
Eq. (8) is rewritten by Eq. (11) as follows

X’—MX—l( V.V, —Vz—ivsj[ct+x y+izj_[ct’+x’ y’+iz’j

C _V2 —+ iV3 V0+Vl y_iz Ct — X y’_ iZl Ctl_ Xr
Among them,
t'=y, _ﬁx_\éy—\éZ, X'Z—Vlt+}/OX+i(—\éy+\ézj,
C C C c c

y' =—V2t+y0y+i[\%x—\izj, Z' =—V3t+yoz+i(—\éx+\iy}

c C C
V.2 +V.2+V.2
7/0_—\/14——1 .

This is consistent with the conclusion of [4-5].

4. More concise derivation
In Eqg. (11), it is found that the magic transformation coefficient matrix M(V) can be obtained by
dividing the four dimensional velocity V by ¢ and then replacing the three spatial components with
their opposite numbers respectively. This conclusion can be obtained in a more concise way.

The inverse matrix is obtained by both sides of (10), then

M 71(\/) = 1V,
c
Both sides of (9) are multiplied by M*(V) on the left to obtain
Uu=M1U"
That is
1o,
U==VU."
c

On the other hand, due to the symmetry, S system moves in a uniform straight line at 4-velocity
. c-V -V, —iV
vo=| T TR T N (i cE) 4y, cE
-V, +1V, y,c+V,
with respect to S system, there is a transformation
U=MV )"
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Therefore,

M) =2V =2 (7).

1[ 7.C—V, —Vz—iv3j

M) =V =2
C c\-V,+1V, y,c+V,

This is just the formula (11).

5. Discussion

According to the Magic transformation, imaginary numbers will inevitably appear at the components
such as the coordinate and the velocity of the particles under the general inertia system transformation,
so the second order Hermitian matrix used to describe these vectors will not surely become the
Hermitian matrix under the magic transformation. This is why the transformation is named the Magic
transformation. On the other hand, under the special inertial system transformation, the component of
the spatial coordinate of the particle is not equal to 0 in the direction parallel to the relative velocity of
the inertial system, but the component perpendicular to this relative velocity is 0. Then the Magic
transformation is equivalent to the Lorentz transformation. In this case, the second order Hermitian
matrix which describes the coordinates and the velocities of particles becomes a diagonal matrix, and
both kinds of transformations transform the diagonal matrix into a diagonal matrix. Therefore, the
Magic transformation should be the reasonable modification of Lorentz transformation in theory. The
test of its conformity with the objective reality is expected to arouse the attention of theoretical and
experimental physicists.

Acknowledgments
This work is supported by the School-level scientific research projects of Zhaotong University, China
(Project No. 2018xj14).

References

[1] Pauli, W. (1958) Theory of Relativity. Pergamon Press, London.

[2] David, B. (1965) The Special theory of Relativity. W. A. Benjamin, New York.

[3] Li, Q. Y., Wu W. W. (1998) On the General Lorentz Transformation. Journal of Yunnan Education
College (Natural Science Edition), 14: 64-66.

[4] Wu, W. W., Li, Q. Y. (2003) A Logical Hidden Contradiction and Its Solution in Lorentz
Transformation. Journal of Yunnan University for Nationalities (Natural Sciences Edition),
12:16-19.

[5] Wu, W. W., Zhang Y. Li, X. P., Zhang L. (2011) Galilean Transformation, Lorentz Transformation,
and A New Transformation. In: International Conference on Transportation, Mechanical,
and Electrical Engineering, Changchun, pp. 2485-2487.

[6] Yi, Z., Zhou, L. Z. (2006) Analytical Mechanics. Metallurgical Industry Press, Beijing.

[7] Penrose, R., Rindler, W. (1984) Spinors And Space-time (Volume 1: Two-spinor calculus and
relativistic fields), Cambridge University Press, Cambridge.



