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ABSTRACT

In inertial system, co-ordinate transformation from one frame to another is possible by using
Lorentz transformation matrix. But in non-inertial or rotating system it is not applicable by using
Lorentz transformation matrix. In this paper, co-ordinate transformation from one frame to another in
three simultaneous superimposed rotating systems has been introduced. This also leads to assume a
picture of space-time geometry of same system.
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1. THREE SIMULTANEOUS SUPERIMPOSED ROTATIONAL MOTION

According to [1, 2] A particle or an event may possess two simultaneous superimposed
motions (i.e. either linear or rotational). Similarly a particle or an event may possess three
simultaneous superimposed rotational motions. For clarity of three simultaneous
superimposed rotational motions as well as three simultaneous superimposed spins, following
[3], it is stated that frames S and S; have both their X axes aligned and S; is moving at an
angular velocity , about X; axis as observed by S.

The frame S; has another co-ordinate reference frame S;, where X, axis of S, are
rotated by an angle 6 counter clockwise with respect to S; on X;Y; plane. Frames S, and S3
have both their X axes aligned and Ss is moving at an angular velocity o, about X3 axis as
observed by S,. Similarly Sz has another co-ordinate reference frame S, where X3 axis of Sz,
are rotated by an angle w counter clockwise with respect to S; on X3Y3 plane. Frames S, and
Ss have both their X axes aligned and Ss is moving at an angular velocity «, about Xs axis as
observed by S,.

For the case when the origin of frames are same with respect to S and the particle be at
the origin of Sz, then it possesses three simultaneous superimposed spins with respect to
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frame S. Coordinate transformation matrix from S to S would be
Pj:R R R R R

i yz(ogt) " xz(y) " Cyz(eot) “xy(6) " “yz(ent)
1 0 0 0
R |0 coset sinmt O _
and Ty2@ Tl o _singt cosmt 0| Where 1=12,3
0 0 0 1

Hence, we get the relations between co-ordinates of different frames S, S1, Sy, S3, Ss and Ss as
stated below

X, 1 0 0 0)( x X, cosd singd 0 0)x,
Y. 0 cosaot sinot O}y Y, | | —sin@ cosd 0 Oy,
zZ, o —sinmt cosat 0 z | z, 10 0 1 0}z,
t, 0 0 0 1)\t t, 0 0 0 1)it,
X, 1 0 0 0)(x, 4 cosy 0 siny 0\ x
yi| |0 cosot sinot 0]y, Y. | 0 1 0 0]y,
z,| |0 —sinmt cosmt 0| z,| |z,| |-sing 0 cosy Ol z,|
t, 0 0 0 1)\ t, t, 0 0 0 1){t,
X 1 0 0 0)( X,

Ys 0 cosamt sinot O0) Yy,

zZ, "o —sinaw,t cosat 0 z,

t,) \0 0 0o 1)t

Therefore, the transformation matrix for coordinates of an event from S to Ss would be as
shown below

Ri = Ryzen R Ryzton) Ryo) Rztan =

0 0 0)( cosy 0 sinyg 0)(1 0 0 0)( cos@ sing 0 0)(1 0 0 0
cosat  sinamt 0O 0 1 0 O0}0 cosamt sinmt 0f —sind cos@ 0 0|0 cosmt sinwt O
—sinat cosat 0| —singy 0 cosy O 0 —sinet cosw,t O 0 0 1 0}|0 —sinwt cosmt O

0 0 1 0 0 0 1)io0 0 0 1 0 0 0 1)l0 0 0 1

216



International Letters of Chemistry, Physics and Astronomy 8(3) (2013) 215-219

(cos@cosy (sin@cosy cos mt (sin@cosy sin mt 0
+sin@siny sin w,t) —cos@siny sin w,t cos mjt +siny cos a;t cos w,t
—sinatsiny cos w,t) —siny cos@sin mtsin w,t
, . ) (cos & cos mt cos m,t cos st (=sinatsin @siny sin w;t
(sin @ cosy sin w,tsin m,t . . .
. —sin ot sin w,t cos wqt +5sin @,t cos O €os w,t cos w,t
—sin @ cos w,t cos w;t . . . . .
) . —siny singcos mtsin w;t —sin m;t cos @ cosy sin w,t cos m,t
—siny cos@sin w;t) . ,
= —COSy C0SHCOS Wt Sin w,tcosm;t  +C0S witsin w,t cos w;t (1)
—COoSy sin mt sin w;t cos w,t) +COSy COS it Sin w,t sin aw;t)
. (—cosy cos w,t cos w,t sin amt (—sin@siny sin wt cos w,t
(cosy sin @sin w,t cos w,t . . .
L —C0s @sin w,t cos mjt Cos w,t —C0s dsin wtsin w,t cos w,t
+sin gsin w,t cos w,t L . .
. —sin @siny cos mt cos w,t —sin etsin w,t cos w,t cosy cos §
—Ccos@siny cos axt) . . .
—COSy CoSPCoSwtsin m,tcosmt  —coswtsinw,tsin wyt
+sin mtsin w,tsin w;t) +C0S Y COS w;t COS w,t COoS w,t)
0 0 0 1

Similarly, coordinate transformation matrix of an event from Ss to S would be

Ri = Ryzcan R0 Ryzon R Ryzcagy =
1 0 0 0)(cosé -singd 0 0)(1 0 0 0)(cosy 0 —siny 0)(1 0 0 0
0 cosmt —sinet 0 sin@ cos@ 0O 0|0 coswt —sinmt O 0 1 0 0]/0 cosat —sinat O
0 sinmot coset O O 0 1 0]/0 sinmt cosmt Ofsing 0 cosy 0|0 sinmt cosaot O
0 0 0 1 0 0 0 1)\0 0 0 1 0 0 0 110 0 0 1
(cos@cosy (—sin @ cos w,t cos m,t (sin@cos w,tsin w,t 0
+sin @siny sin w,t) —cosésiny sin w,t —C0sdsiny cos wst
+sin@sin w,tsin w;t cosy) +5sin gsin w,t cos w;t cosy
) (cos 8 cos ayt cos w,t cos m;t (—sin a,t cos 8 cos at cos w,t
(sin@cosy cosat — . . . . .
. . =sin atsin w,t cos w,t +sin wtsin w,tsin w,t
singsinmtcosfcosmt . ; . 0
) , —siny sin @ cos mjtsin w;t —siny sin 6cos mjt cos w,t
—sin @tsiny cos w,t) . . .
= —COSy cosfcosmtsinm,tsinmt —cosécosy cosmtcos m;tsin w,t (2)
—Cosy sin aytsin m;t cos w,t) —COoSy Sin eyt CoS @,t Cos w;t)
. (cos 8 cos w,t cos w,t sin at (—cos@cos w,tsin wtsin m;t
(cosy sin@sinat— . . .
. . ) +5in w,t cos w,t cos w,t —Cos @t sin m,tsin m,t
siny sin atsin w,tcos @ LT ) L] 0
. —singsiny sin otsin ot —siny sin @sin w;t cos w;t
+siny cos ayt cos w,t) . . ) . .
—Cosy cosdsin wtsin wtsinmt —cosdcosy sin wtsin w,t cos w,t
+C0S @t COS w,t Sin w,t cosy) +COS Y COS @t COS w,t COS awst)
0 0 0 1
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Now using (1) we get the relation between co-ordinates of frames S and Ss as shown below

Xs (%5, Y5, Z5,15) = By X (X, Y, Z,1) 3)

Similarly using (2) we obtain the relation between co-ordinates of frames S and Ss

X(X1y1zit):F:jXS(X51y5’ZS’t5) (4)
X X
BRE y
where, X, (X, Vs, Zs,t;) = , and  X(x,y,z,t)= ,
5
t, t

2. SPACE-TIME GEOMETRY

From (4) we obtain

dx* = (P,dx’ + P,dy’ + P,dz' + P,dt")?
dy? = (P, dx' + P,,dy’ + P,,dz’ + P,,dt")?

_ _ _ _ (5)
dz* = (P, dx' + Py,dy’ + Pydz' + P, dt')*
dt* = (P,,dx’ + P,dy’ + Pdz' + P,,dt")?
Now, we have Cartesian Co-ordinate geometry in flat space-time
ds® = —dt® +dx® +dy® + dz* (6)

Using (5) we obtain from (6), the space-time geometry of three simultaneous superimposed
rotating system

ds* = Adx? + Ady’ + Adz”* + A,dt’* + 2(B,dx'dy’ + B,dx'dz’

7
+ B,dx'dt’ + B,dy'dz’ + B,dy'dt’ + B,dz'dt") ")
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where,

3. CONCLUSION

In this way any number of transformations or rotations may be considered. Also the
process leads to conclude that a particle may possess more then one simultaneous
superimposed spins with its mutual effects. Co-ordinate transformation in non-inertial
systems would be done following the process as in the text.
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