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Based on the limiting 4-dimensional symmetry of the Lorentz and Poincare groups, new
general spacetime transformationsfor frameswith arbitrary linear acceleration in any direction
are obtained in a fairly simple form. A new feature in the metric tensors is the presence
of jerk, the time derivative of acceleration. The Riemann curvature tensor of spacetime
in these non-inertial frames vanishes. For one-dimensional mation, the general spaceime
transformations are shown to form a group. The transformations of Wu, Mgller, Poincaré
and Lorentz are special limiting cases of this general-linear-accel eration transformation. The
Planck constant 7 and the speed of light ¢ are not invariant universal constants under such
general spacetime transformations. The theory suggests that the dectromagnetic coupling
strength o, = 1/137.035989 and a new quantum constant J = 3.5177293 x 10~3%g - cm, ae
truly universal constantsin both inertial and non-inertial frames.

PACS. 11.30.Cp — Lorentz and Poincare invariance.

I. Introduction

Almog dl physical frames of reference in the universe are, grictly speaking, non-inertid
because of the long range action of the ‘gravitational force’ Thusit is desirable that the laws
of physics and the universal and fundamenta congants are undersood or known not only in
inertid frames but also in non-inertial frames [1, 2]. We know tha inertid frames are idediza
tions or gpproximations of non-inertial frames in the limit of zero acceleration. Experiments have
edablished tha physicd laws in inertid frames display Lorentz and Poincaré invariance. So it
is naturd and necessary to require that the laws of physcs in non-inertial frames must display
the 4-dimensional symmetry of the Lorentz and Poincaré groups in the limit of zero accelera-
tion. Such arequirement is podulated as the principle of ‘limiting 4-dimensiond symmetry’ [2].
But, the accderation transformations in earlier works [1] do not naturally reduce to the Lorentz
transformation in the limit of zero accderation. It mugt be stressed that limiting 4-dimensiond
symmetry is simply the 4-dimensional symmetry of the Lorentz and the Poincaré groups applied
to non-inertid frames in the limit of zero accderation. In other words it is the first postulate
(i.e, invariance of physical lavs) rather than the second pogtulate of special relaivity theory that
is goplied to non-inertid frames. The reason is obvious; because the speed of light cannot be a
universa constant in non-inertid frames.

In previousworks, the principle of limiting 4-dimensona symmetry has been used to derive
a generdized Lorentz trandormation, i.e, spacetime trangormations for frames with congant-
linear-acceeration [2]. These trandormations form the Wu group, which includes the Mgller
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group [3] and the Lorentz group as limiting cases. In this paper, the same limiting 4-dimensond
symmetry is employed to generalize spacetime transformations for frames with arbitrary accdera-
tions along a straight line. We show that the set of such generd pacetime transformations form a
group, cdled ‘Generd Taiji (GT) group’, which involves one arbitrary accderation function a(w)
and two parameters, i.e., theinitid accelerdion «,, and velodity (3,. ‘Tdji’ denotes, in ancient Chi-
nese thought, the ultimate principle or the condition as it existed before the cregtion of the world.
This gppears to be a fitting name because the generd taiji group includes the Wu and Mgller
groups for constant acceleraions and the Lorentz and Poincaré groups for constant velocities as
gecial limiting cases The spacetime metric tensors of spacetime in these non-inertid frames are
affected by the jerk, J., the third-order time derivative of coordinates In engineering, jerks have
been used in the design of servo tracking sysems for fag moving objects and in robotics In
physics, it gopears that jerks have not yet been used, except in the radiative reaction force. Now
in the present theory locd space and time axes, dx and dw, will no longer be orthogond in the
presence of the jerk, J.. This property gopears to be necessary for the set of GT transformations
of goacetime to have a farly simple form and to form a symmetry group.

We investigate the physics in general non-inertia frames with arbitrary accderations along
astraght line (reative to an inertid frame) by using a purdy kinematic approach [4], independent
of the gravitationd field. We shdl call such frames *general-linear-accderation’ (GLA) frames.
Physical reaults are thus obtained without using gravity or the approximate equivalence principle
as acrutch.

Naturally, the “4-dimensond spacetime’ (w, X, Y, z) of non-inertial frames is more generd
than the Minkowski spacetime of inertid frames which is incduded as a gpecial case when the
acceeration gpproaches zero. To avoid confuson, let us cal such aspacetime” generd taiji (GT)
geacetime.” Since the constant ¢ of the speed of light has no operationd meaning in GLA frames,
we will directly use w (with the dimendon of length) instead of t (or ct) for the generdized
evolution variable and call it the “GT time” (or smply time) for GLA frames [5)].

II. Spacetime transformations with general-linear-accelerations in arbitrary directions

Based on the kinematical approach of limiting 4-dimensiond symmetry, wefirst derive the
transformetion with an arbitrary velocity G(w) in the +x-direction, and then we generdize 5(w)
to an abitrary direction. It is graifying tha the resultant transformations teke a fairly simple
form. Suppose that the frame F;. has both its velocity and acceeration directed along pardlel
and x; axes and that the origins of F. and F; coincide at the time w = w; = 0. We obtan
transformations for the constant-linear-acceeration frame F..(x) and an inertial frame Fy (z1): [2]

wI:’Vﬁx + 762 +ao, Tr=7x+ Oé’y")/Q + bO: yur=vy, =zr=z,

(0795 oYo
Bo 1

@

1 1
:aw+ ) :—7 :—7 a :__7 b - )
fmedt b A= T T e T e,

where the veocity 6 = [(w) is a linear function time w. The result (1) is called the Wu
transformation. It reduces to the Mgller transformation when 3, = 0, provided a change of time
variable (w = (1/a,) tanh(a,wx)) is mede [2]. Furthermore, in the limit of zero acceleration,
a, — 0, the Wu trandormation (1) reduces to the 4-dimensional transformations (which form the
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Lorentz group),
wr =Yo(w + Box), T1="o(Tr+ Bow), yr=vy, z2=2z 2

Thus, limiting 4-dimensiond symmetry of the Lorentz and Poincaré invariance is satidied. The
differential form of the Wu transformation (1) for congant-linear-acceeration is

dwy =y(Wedw + pdx), dxr =~(dz + fWedw),

3
dyr =dy, dzr=dz; We=72(7,2+ aox). ©
The Mgller transformation and its differential form are
wr = Xsinh@, zy= Xcosh@ — é, yr=vy, 2r=2=2;
dwy = dx sinh Q + dw*a,X cosh Q, dx; = dxcoshQ + dw*a,X sinh Q, 4

X=x+ ai7 Q= a,w", sinhQ =06, coshQ =+, [(=tanhQ.

Based on the differentid fromsin (3) and (4), we can consider the generdization of the Wu
transformation (1) to a more generd non-inertial frame F'(x) moving with an arbitrary ve ocity
B(w) or arbitrary accderation a(w) dong the x-axis [6],

B(w) = pr(w) + fo, a(w)= dflfj") = dﬁéfuw)’ ®
B0) = Bo, a(0) = a.

Thelag two initid conditions are related to the fact that the origins of F'(X) and Fr(zy) coincide
a GT time w = wy; = 0. One of the simple generalizations of the constant-acceeration case (3)
is to assume the following local relation for F(x) and Fr(xr)

dwr =~y (Wedw + Bdx), dzr =~(dx+ W,dw),
dyr =dy, dzr=dz,

1
7:\/1———ﬁ27 B=pi(w)+B, B*<1,

where the two functions W, = W, (w,x) and W), = Wy(w,z) are different in general. The ve-
locity (3 is an arbitrary function of the GT time w and characterizes the general-linear-accd eration
in the x-direction of a non-inertid frame F'. This function mugt be given in order to ecify
the acceeration of a non-inertid frame. For example, if 3 = J.,w?/2 + aow + f,, then the
non-inertial frame has a constant jerk J., and a variable accderation d5/dw = Jeow + i, Which
islinear in time w. Thelocd form (6) isa minimal generalization of the Wu transformations (3)
for constant acceeration.

The heart of theproblemis how tofind a satisfactory local transformation whichisintegrable
and sdisfies limiting 4-dimensional symmetry. For such a generdization, s mplicity and minima

(6)
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departure from the Wu transformaton (1) are employed as guiding principles The limiting 4-
dimensond symmetry dictates that the two unknown functions W, (w, z) and Wj(w, z) musgt
satisfy the following two integrability conditions for the differentid equetionsin (6):

(A Wa) = a(oB), 5- (1) = o (). m

Since vy and (3 are functions of w only, (7) implies the reaions W, /0x = v*a and W}, /dx =
~v?a, which lead to the restits

W, = ’yQaac +A(w), Wp= ’yzaac + B(w), (8

where the two functions A(w) and B(w) may not be the same. We substitute (8) into (6) and
carry out the integrations, we obtain

wr =0+ /vA(w)dw, xr = yx + /’yﬂB(w)dw. ©)

Limiting 4-dimensona symmetry suggess that one of the simplest generalizations is to identify
the two integrals in (9) with the two last terms in (1) in which the congant acceleraion «, is
replaced by an accelerdion function a(w) [6]:

/fyA(w)dw = ’Yﬁa(w)qﬂ + ao,
o (10)
/VBB(w)dw = ’YW + bo.
By differentiation of (10), we can determine the two functions A(w) and B(w),
2 2 2
Y Bl _r_ _Go _d'p

where J.(w) isthe jerk, which is the third-order time derivative of the coordinate. From (9) and
(11), we obtain asmple and generd spacetime transformation for GLA frames

_ L\ b
=18+ )~
1 12
o= (o4 Gupg) ok "

=y, =21 =z,

where the two congants of integration a, = —f3, /(oY) ad b, = —1/(awy,) ae determined by
the limiting 4-dimensional symmetry as a(w) = o, — 0. The relaions in (12) may be termed
“general taiji (GT) transformation” for aframe F'(z) with a general linear accderation a(w) in
the x direction.

The GT transformation in equation (12) can be generdized to the case in which the generd
veocity 3(w) or the linear acceleration is in an arbitrary direction. In this case, S(w), 3, and
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a(w) are in the same fixed direction, 0 that we still have the generd-linear-acceleration. The
resultant GT spacetime trandormations take the following form

- B Bo
it (Oé(w)’rg J”B‘r) e

From the GT transformation (12), we can obtain a simple GT transformations for the
differentials dz* and dz,

dwr =y(Wedw + Bdzx), dxr =~(dz+ Wydw),

(1249)

dyr =dy, dzr=dz,

(13)
1 Be(w) 2 1 Je(w)
Wa:’y2<aﬂc+%>—a2—7§>0, Wy =7 OLLB—F,y—g _ﬁOé2’73>0
The invariant interval ds? in GLA frames can be obtained from (13),
ds? = dw? — dz? — diy? — dz? = g datds”
I I Yr I = 9w (14)

= W2dw? + 2U dwdx — dz? — dy? — d2?,
W2(w,z) = (am—ki)r - Je(wr >0, U= Je(w)
R 2] ahE T T T ek
When the jerk J.(w) = da(w)/dw vanishes, we have a(w) = «, and one can see that the GT
transformation (12) reduces to the Wu transformation (1) for a constant-linear-acceleration frame
F.(z), in which the time axis is everywhere orthogonal to the spatial coordinate curves. From
(14), we havethe following fundamental spacetime metric tensorsfor agenerd non-inertia frame,

go=W? gu=g10=U g11=gn=gs=—1

_ 1 o_ 10_ U n__ -w? (19
“w2ror U T Tweyor Y Tweyoz Y
where g*7g,3 = d5 and all other components vanish.

The coordinates z# specified by the metric tensor in (15) for a non-inertia frame may be
cdled “generd taiji spacetime” They are the preferred coordinates for the general taiji trandfor-
mation with limiting 4-dimensiona symmetry. Other choices of coordinates will not satisfy the
limiting 4-dimensond symmetry. Thus the present theory of gpacetime for generd non-inertid
frames is not a general covariant theory, in contrast to the general theory of rd aivity.

One can generalize the GT transformation (12) to indude constant translations zf, =

(w07 mo, yo; 20)1

wy =0 <£l?+ ! ) Bo + Wo,

a(w)'yg B oo

1 1
.’L'I - ’7 (Jf + O[(U})")/g) - Qoo +x07

Yr=9Y+"Yo 2r=2z+ 2.

00

g 222933:_1’

(16)
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In this case, when the jerk J.(w) vanishes, we have a(w) = «, and (16) becomes a generdized
Wu transformation with congant translations. Furthermore, in the limit of zero acceeration
a(w) = a, — 0, the GT trandormetion (16) reduces to the Poincaré trandormation. We shdl
not discuss (16) further in the present paper.

Suppose the arbitrary acceleration o = a(w) can be expressed in terms of quantities in the
inertial frame a(w) = ar(wr, z1), the inverse of the GT transformetion (12) is

_ wr + ﬂo/(ao’%)]
x4+ 1/(aoyo) |’
T = :r+1 2—w+ﬁ" oo (17
B ! Yolo ( ! ao%) Oé’)/g’
Y=y, 2= Zr.

If a gecific function for G(w) is given and one can solve for the time w in terms of 3, then
the first equation in (17) can be written in the form w = w(3). For example, the simples
generdization of constant-linear accderaion isthe case with a congant jerk, J., = constant or
B = Jeow? /24-aow+B,. Whenw ispositive, we havew = (1/Jeo)[—aot1/02 +2Jeo(3 — Bo)),
0 that we have the trandformation for time, w = w(wy, x 7).

The inverse GT transformation with the veocity G(w) in an arbitrary direction can be
derived from (129):

w) = wr + ﬂo/(ao’)/o)
Alw) rl-rz—k1/<aovo>]’

_ Yo 1 \n (y-Un Bo
r=ry+ <ao - a(w)) 2 e (wI + ao%> , (173
o(w) = ar(wr, 1), n=g=g7

provided the general accderation o = a(w) can be expressed in terms of quantities measured in
the inertid frame, a(w) = ay(wy, ry). For B(w) = nf in an abitrary direction, the invariant
interval ds* = g, da*de” = goodw? + 2Udwn - dr — dr? resembles to that in (14), excoept that
goo = W (w, r)? isnow given by

W) = 7 (awmn + ) - L)

V3 a?(w)y2

II1. The non-constant speed of light and the velocity-addition law

Just as in an inertial frame, the law for the propagation of light in a non-inertial frame is
described by the invariant equation ds = 0, where

ds?= W2dw? + 2Udwdx — dx? — dy? — dz?
U2
w2

(18)

— (Wdw + Fdr)” - ( + 1) da? +dy? + dz2] .
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The distance in terms of the space coordinate e ements is given by [7]

2 _
dry = g

S TENA e (19)
goo

which is the same as the lag three terms in (18). In order to see the property of light in a GLA
frame, let us consider some secific and simple cases. Suppose a light sgnd moves dong the
x-axis, i.e, dy = dz =0, the speed of light 5,isfound to be
d_x Je(w)
dw ay2’
which is certanly different from the speed of light 3, = 1 (derived from ds? = dw? — dx? = 0)

in an inertid frame. If the signal moves in the y-direction, i.e,, dx = dz = 0, Eq. (18) leads to
the speed of light 3,

d 2 L(w]?

o

Bra =—— =7 (az+7, %)+ (20)

The law of velocity addition can be obtained from (13),
drr  dx/dw + W)

dwy W, + pdz/dw’

dyr dy /dw dzr dz/dw

dwy — y(Wo+ Bdz/dw)’  dwr (W, + Bdx /dw)’

where W, and W, are given in (13). The results in (20) and (21) can also be obtained from the
law of ve ocity addition in equation (22).

(22)

IV. The general taiji group

One cen verify that, in the limit a(w) = a, — 0 and 5, — 0, the GT transformation (12)
reduces to the identity transformation. The inverse transformation of (12) is given by (17). To
show other group properties of the GT transformation (12) for an arbitrary accderation dong the
x-axis, let us consider two other GLA frames F’ and F”, which are respectively characterized
by arbitrary velocities 8’ (w/'), 3" (w"), initial accelerations o), /, and initial velocities 3, 3.
Thus we have the GT trandormations among Fr, F, F’ and F”,

2) . Bo _ ’Y/ﬁ/ (:U/—{—
a(w)')/o Qoo
1 /!
—man [ n o
=7 <x + a//(w//),y/a) - ag’y(’)”
o
n 1 1 o+ 1 1
ry=~(x — = x —
7 awni) e a(wns)

=" (2" + 1 _ 1 )
o)

B
o (W) b

wr= 0 (a:+

(23)
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The GT transformation between F' and F’ can be obtained from (23):

_ YBQ = B/(%75) + Bo/ (@)
Y'Q" —1/(ee75) + 1/ (cro%0)

1 1 2 /Bl 5 )2 1
r= 'Q — + — [v8Q — L=+ — : (24)
\/(’Y Q, 043 ’7{3 ao’Yo) (7 pe 0‘:)’7:) AoYo 0"73
1
Similarly, the GT transformation between F' and F can be obtained from (23):

- ’Y”ﬁ”Q” - g/(ag’yg) + B/ (o)

Bw)

w) =
= @t + 1 (eano)
1 1 \? ) 2 1
_ noy _ _ wanoy Bl Bo _ (25)
’ \/(7 St ao%> (o~ +ak) an?’
1
y=y", z=2, Q' = <x”+ —2> :
o (w') 12

From (24) and (25), one can show that the GT transformation between F'(2’) and F”(2") is
given by

= 2B = /() + B/ (ol
S V[ R

2 2
T = (,YI/Q// _ 1 n 1 > . (,Y//ﬁ//Q// _ ﬂlol n ﬁg > B 1 ’ (26)
%% O oy )
/ / / "
y = d ) z =z .

We have seen that the transformation (26) for two GLA frames, F’ and F”, has the same form as
that in (24) for F and F’ frames as required for the set of GT transformations to form a group.
We can also show that the trandformations F; — F' — F' — F" satidfies the asocidive rule.

The aove results imply that the generd taiji transformations form a group, which may be
called ‘ generd taiji (GT) group’ with one arbitrary acceeration function a(w) and two parameters,
i.e, the initid accderation o, and the initial vdocity 5,. Mathematicaly, these group properties
can aso be shown by using the locd GT transformation (13), which can be written in the matrix
form.

The GT transformation (12) reduces to the Wu transformetion (1) when the jerk vanishes,
Je =0 0r a, = constant. If theinitial veocity also vanishes, J. = (G, = 0, (12) further reduces
to the Mgller trandormation, provided one mekes a change of time variable [2]. Moreover, if
a(w) = a, — 0, the GT transformation (12) reduces to the 4-dimensional transformations (2).
In this sense, the GT trandormation for frames wth an arbitrary acceleration is the most generd
transformation for moton dong a sraight line.
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For general motions in x, y and z directions, the group properties the infinitesma gen-
erators and the Lie d gebra associaed with the general taji transformations are very complicated
due to the presence of the jerk. Note that the totdity of the differentids dz# at any point forms
the cotangent space of differentids at the point, and that the coordinae frame F(w,x,y,z) is
the underlying spacetime. For simplicity, we may only consder trandormations of the cotangent
oace & afixed point with zero jerk. In thiscase, we have group properties and dosed Lie dgebra
for generd motions along z, y, and z axes for variable differentids a a fixed point.

V. Physical implications

Limiting 4-dimensional symmetry dictates that the coordinate system for writing basic co-
vaiant equations and transformations for GLA frames is the taji spacetime coordinae system
defined by the metric tensors in (15). This is and ogous to the fact that pseudo-Cartesian co-
ordinates are the preferred coordinates for the Lorentz transformations. In a GLA frame, time
w is redricted by 5%(w) < 1 and spece is limited by 2 > —1/(a(w)¥2), @ shown in the GT
transformations (12) and (17).

We stress that GLA frames actually include both inertid and non-inertial frames with an
arbitrary linear acceeration. There is no reativity between frames of reference in generd, except
in the limiting case in which the accderations vanish. The GT transformations (12) provide
foundations for the physics and the geometry of spacetime in all inertial frames and non-inertid
frames with arbitrary accderations along a straight line. Mathematicdly, the existence of these
transformations impli es that the Riemann curvature tensor for spacetimein al GLA frames vanish.
In other words, the physical spacetime in both inertial and non-inertid frames are flat.

Note that the usual time ¢ (measured in, say, seconds) and the universa constant ¢ (measured
in, say, cm/sec) do not exist within this theory in generd. The physcd time w, called taiji time,
has the dimensiond of length and can be redized physcdly by ‘computerized docks [5]. Since
the variable speed of light is given by the function (19), it is very complicated to use such a
non-condant speed of light to synchronize clocks in a GLA frame F(w,x,y,z). However, it is
not necessary in generd to use light sgnds to synchronize clocks [2]. If the computer chips are
not affected by accderation or the effect due to acceeration can be corrected, then one can use a
grid of ‘computer docks' in F to realize the taji-timew: Namey, suppose a computer dock can
accept information concerning its position in the F; frame, obtain w; from the neares F; clock,
and then compute and display w usng the inverse transformation of (12) [see also (17) and its
explandions.

Let us consider classcd dectrodynamicsin GLA Frames. Since the speed of light cin an
accderated frame F' isno longer a universal condant, the invariant action for a charged particle
moving in the eectromagnetic 4-potential a, () is assumed to be [2]

S = / (—mds — ea,dx") —i / fu 1\ /—detgos d'z, (27)

where the invariant charge e and other quantitier given by

e= —1.6021891 x 10~2°y/4m, /g-cm,
V—det gog = VW2 + U? =+ (am%—v%) >0,
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fuv=Dya, —Dya, = 0y, — 0vay, de* = (dw,dz,dy,dz),

— v __ 17
Da, = a,,, dz" = D,a,dz",

Dya, = 0ya, —Thva,, Dyat =0,at +T,aP,

1
Fﬁu = §gpa (8u9av + 8z/gau - aag/w) = Flp//L’

in a GLA frame F'. Note tha the invariant action S has the dimension of mass times length. In
thelimit ao(w) = ap, — 0, the F’ frame becomes an inertial frame and, hence, € and a,, correspond
to the charge e (in electrostatic units) and the usual electromagnetic potentid A, (ct, z,y, z) by
the rdations e <+ e/c and a,, <+ A,/ c respectively [5, 2.

The Lagrange equations of motion for a charged particle can be derived from the invari ant
action (27). We obtain

D
e — efuu”, (28)
ds
where the 4-velodities v/ and u,, are given by
dx¥
UV - dS 5 UN — guyuu

For a continuous charge distribution in gpace, the invariant action for the dectromagnetic
fidds and their interaction is assumed to be

1
Sen == [ aui” + L | /=detgos d'a e
In GLA frames this action leads to the following Maxwel’ s equations
g“"D;qua = Jas al_ wa +8Mful— +8Vfl—u: 0,

Dozf;w = ozf;w - Fﬁafpy - Fgafup-

The canonicd momentum P, and the “Hamiltonian” H = P, of a paticle in the GLA
frame F are defined by

(30)

oL dzt  _ P '
-Pi - _a(d{[;?’/dflﬂ) - mgz,u dS +ea17 -PZ - _P ) 1= 17 2737 (31)
0L  da dzt
H=——/—¥—"+- — L = e e =P,
0(dz* Jdw) dw mgou” g €0 = 1o,
where we have used the Lagrangian L for a charged particle given by the reation [§],
i

(—mds —eaydat) = —my/gudztds” —eag — eq; Ccilfu dw = Ldw. (32

One can verify that the covariant 4-momentua P, and P, satisfy the invariant relation

g"(B, —ea,) (P, —€a,) = m*. (33
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The contravariant momentum p* = mdz* /ds = g""p, trandorms like the contravariant coordi-
nate vector dz* in (13),

= y(Wap® + BpY), p;=~(p" +BWip?),

=p?, p=p

(34)

For a‘non-interacting’ particde a res in F'(x) at theposition (z,0,0), itsmergyp(} measured
in Fris p§ = yWep® = myW, /W, where we have used g, p#p” = m?, p =0,i =1,2,3, and
(15). Thus, the change of energy per unit length is

(o) ewledmy -
d:BIpI v fized Orpdw \ W /. fmed’ orr  BWy
When the jerk is small, so that W, ~ W, =~ W, we have
d 0) ma
4 N5 (36)
(d{L‘] ! z fized (ax+702)

Theinvariant equation (33) for the momentum suggests that the generdized Klein-Gordon equation
for GLA frames tekes the form

¢ (iJD, —ea,)(iJD, —ea,)¢ =m>¢p, iJD, = P,. (37)

The limiting 4-dimensional symmetry dictates that the connection between between inertid and
norn-inertial frames must be smooth. Furthermore, the proportiondity constant between the co-
variant 4-momentum P, (which has the dimengon of mass) and the partia covariant derivative
iD,, must be the universa constant J = 3.5177293 x 10738g - cm. Thisis due to thefact that, in
aninetid frame, P, has acorrespondence with the usud momentum P, (usu), P, +» P, (usu)/c
and, hence, one has J <> h/c [2].

The Wu-Lee kinematic approach [4] based on limiting 4-dimensond symmetry [2] pro-
vides a new direction for the investigation of phydcs in general non-inertid frames with asim-
ple mathematical structure of spacetime, namdy, the Riemann curvaure tensor vanishes (i.e.,
the spacetime is flat). Based on previous discussions, it is graifying that the truly univer-
s and fundamentd constants in both inertid and nor-inertid frames are the quantum con-
dant, J = 35177293 x 10738¢ - cm, and the electric charge in the dectromagnetic units,
€ = —1.6021891 x 10~2\/4m\/g - cm, [or a. = €*/(4rJ) = 1/137.036]. It is interesting that
these universal congants for non-inertia frames with arbitrary-linear-acce erations turn out to be
precisdy the same as those in the theory of rdativity which is formulaed soldy on the bads of
the first principle of rdativity, without making any assumptions concerning the speed of light [5].
It is hoped tha these results can be experimentally teded with linear acceerators in the future.

The author would like to thank Dr. L. Hsu for useful discussions and suggegions. The
work was supported in part by the Jng Shin Research Fund of the U Mass D Foundation and the
Potz Science Fund.
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