The analysis of an isolated rod's 4-momentum changes

under the framework of Special Relativity

Abstract: Simplify an isolated rotating rod as an ideal system without any relative movement between the components, and the
distribution of material and potential energy on the rod along the length is symmetry about the mid point and does not change with time,
in an inertial reference frame. The 4 momentum of this isolated rod conservation in the inertial reference frame. Using Lorentz
coordinate transformation formula and Lorentz velocity transformation formula between two inertial reference systems, find its
4-momentum does not equal to each other at different times in another inertial reference frame.
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In Special relativity, the motion of an object in non inertial motion can be described in an inertial reference frame
and the motion of the object can be converted to be described in another inertial reference system, by Lorenz
transformation. Rotating wheel has been extensively studied. Such as, measured in the inertial reference frameK , a
wheel rotates around the mid point at uniform angular velocity, keeps its spokes as the linear state. The shape of the
spokes will bent measured in another inertial reference frame K 'R

Simplify one spokes on a rotating wheel as an ideal system without any relative movement between the
components relative to K . 4-momentum of the spokes measured in K is conservation. Using Lorentz coordinate
transformation formula and Lorentz velocity transformation formula between two inertial reference frames K and
K' to calculate the 4 momentum of the spokes relative toK', the 4-momentum of the spokes on X'direction
measured in K 'is non-conservation. This is a result that is contrary to the current view.

1. Research object, premise
In K, an isolated rod AB rotates around its mid point O at uniform angular velocity @ , keeps the linear state. For
each point on AB, the distance from point O to this point measured in K is constant; denote it is I . Such as for point

D, 1, is a constant. For each point on OA, its equation of motion is X =r cos(at), Yy =rsin(wt). For each point

on OB, its equation of motion is X =r cos(awt + 7), y=rsin(awt+ ).

For actual rod AB, there is micro motion on molecular level. In the process of simplifying and establishing a
mathematical model, we do not consider this micro motion. The rod AB is an ideal system without any relative
movement between the components relative to K . The distribution of material and potential energy on the rod AB
along the length is symmetry about mid point O and it does not change with time, measured inK . Rod AB is a Born
rigid body. Rod AB has no thickness along @ direction, if transform K from rectangular coordinate system to polar
coordinate system. That is to say consider rod AB as a one-dimensional rod on x—y plane relative toK .

We consider: A body is static in an inertial reference system. When the body is free, it has a rest mass. When the
body is stretched, it has another rest mass. The rest mass of the static body when it is stretched is greater than the rest
mass of the body when it is free. When the body is static at different states such as free or stretched, the potential
energy between the particles is different.

2. The relationship of the rest mass line density along AB between K and K
In K, static auxiliary circle D and M, take O as their center of their circle, intersecting rod OA at point D and M,

intersecting rod OB at point E and N. Here ryand I, can take any value fromOtor,.

In K, attimet, for each position on OA, denote p, (t,r) as the rest mass line density at the position, thereinto
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I is the distance from point O to this position. p_ (t, r) is equal to the rest mass of the segment at position  on OA
divided by the length of this segment (the length of this segment need to be infinitesimal) at timet in K. p_(t,r)
is a function only relative to r, p,(t,r)=(r). Denote p,(t,r) as the rest mass line density for each position on
OB. Because the mass distribution of AB is symmetry about mid point O, p,(t,r)=p,(t,r)=p(r).

The function's subscript « indicates that the function is valid for the point on OA. The function's subscript [

indicates that the function is valid for the point on OB.
The inertial reference frame K' moves relative to K at speedV.
Relative to K ', the auxiliary circle D and M appear as ellipses D and M, and they move at speed —V .

Fig 1 schematic diagram of AB and the auxiliary circle D, M in K and in K'. Section MD is

marked into numerous segments. The length of each segment is infinitesimal. 1, Tl =¢

Relative to K ', rod AB can't keep the linear state at all times. InK "', at timet", for each position on AB, use '
to represent the curve length from point O to this position along AB.

InK', at timet", for each point on OA, denote |'as the curve length from point O to this point along curve OA.

It depends on the time t'and the position of this point on OA. Such as | (t")" is the curve length from point O to

point D along AB at time t' in K'. Because I represents the position of a point on OA, and I is a constant for
each confirmed point, so for each point on OA, |'can be considered as a function of t'and r, remember it as

I'=f_(t',r)". For example, at the momentt,', the length of the curve OD is I5(t")'="f, (t',r)', here the
parameter t'=t ', r=r, (I,isa constant).
InK', at timet", for each position on OA, denote p_ (t',1")" as the rest mass line density at the position when

the curve length from point O to this position is |' measured in K'at the timet'. p_(t',1")" is equal to the rest

mass of the segment at position| ' on OA divided by the length of this segment (the length of this segment need to be

infinitesimal too) at the timet' in K'. p (t'1)" takes t'and |'as its parameters, t'is the time onK' and
I'=f_(t',r)"is the curve length from point O to this position along curve OA measured in K 'at the timet". Then
p, 1) =p ' f (t',r))". So relative toK", for each position on OA, the rest mass line density also can be
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considered as it takes the time t'onK' and the distance r from point O to this position measured in K as
parameters. Remember g_(t',r)'=p, (' f (t',r))".

In K',attime t', for each point on OB, denote |"as the curve length from point O to this point along curve
OB, I'=f,(t',r)". For example, at the momentt, ', the length of the curve OE is I (t,")'=f,(t',r)", here the
parameter t'=t "', r=r..

In K',attimet', for each position on OB, denote P (t',1")" as the rest mass line density at the position when

the curve length from point O to this position is |' measured in K'at the timet'. |'=f, (t'r)",

then p, (t',1)'= p, (', T,(t',r)")". So relative to K ', for each position on OB, the rest mass line density also can be

considered as it takes the time t'onK' and the distance r from point O to this position measured inK as

parameters. Remember g, (t',r)'= p,(t', f,(t'r))".
Use M,.omo(t) to represent the sum of rest masses of section MD at time t inK; and my,,(t) to
represent the invariant mass of section MD attime t inK.Here m, oo (t)isn't my o (t).

Use Mg,.omo(t)' torepresent the sum of rest masses of section MD at the timet' in K'.

msumO MD (t) :Ir: 100( (t’ r)dr :Ir: p(r)dr .

InK', at timet', the curve length of OD is 1, (t")'=f_(t',r;)". InK", the sum of rest masses of section OD is

Ip (1)’
Mgmo op (E ')':jo p, @ 10dl". 1" is a function of t' andr, I'=f_(t',r)'. Make variable substitution for
the integral |'—>r,

msumOOD(t')I:J.(:Dpa(t (t r) ) J. a(t', r)'—afagri’ r)'dr.

of ,(t'r)’
. ﬂ( 0,

e ,
The same Moo (1) = .[o g,(t'r) o

Rod AB is a Born rigid body, s0 M. 0 op (1) =Mg0 00 (E) "

Iy prydr=[* g, ry SL

of (t'r)'
or

dr, and because of the arbitrariness of the auxiliary circle D, there is

g,(t.\r) = p(r) for any position on OA direction.

of (t'r)'

The same, thereis g ,(t',r) 'ﬂa— = p(r) for any position on OB direction.
r

3. Velocity character of each position on AB in K

InK, at timet, the coordinates of point D on OA is (I, cos(at), Iy sin(at), 0, t) ; the coordinates of point E on
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OB is (r; cos(at+ ), 1z sin(at +7),0,t) ; the velocity of point D isu,(t,ry); the velocity of point E is
ug(t,re) .

InK', attimet", for each point on OA, its velocity isu_ (t',1")", thereinto 1'=f_(t',r)"; for each point on OB,
its velocity isu,(t',1")", thereinto 1'=f,(t",r)". I'represent the curve length from point O to this point along
curve AB, such for position D, its velocity u, (t',15(t")")" is u (t' f, (t'r5))"

Settimet, '=0inK".

In K', at timet,', the event E_,, occurs at the coordinates of point D (Xp,", Yp, »0,t,"). Using Lorentz
transformation between K and K', translate coordinates (X, ' Yp,,0,t,") into the coordinates in K . The
), or (ry cos(at

), I sin(aty ), 0,5 ,0) + the

D one D one

event E;,; occurs at coordinates (X, Ypr,. +0itp one

coordinates of point D at time  t,,.inK .ty .=t (1),

In K', at timet,', the event E_,, occurs at the coordinates of point E(Xg,", Y, »0,1,"). The eventE_,,

occurs at (I, cos(at; .. +7), I Sin(at; .. +7),0,t...) , the coordinates of point E at time t. . inK.
K Ay K' AY' K Ay
~|""Lorentz transformation of .| R
event g between KandK' Lorentz transformation.of

event g_ between K and K

i LE.

Fig2 the relationship of t 'and t t

Done ’ Eone "

ink.

Set timet

three — 7 _

In K, at timet,., , the event E.,,. occurs at the coordinates of point E (Xcyrees Yetmrees O tiree) o

here Xgyee =0 . Theevent E¢ ... Occurs at the coordinates of point E attime t," =y(V) t;,, =7 (V) EY inkK".
0]

In K, at timet the event Ej e OCcUrs at the coordinates of point D (Xpureer Yotree O tiree) »

three

here Xp e =0 . TheeventEy .. occurs at the coordinates of point D attime t;' inK' too.

page 4 of 9



InK , at timet the coordinates of point D is (I, COS(@Xp e ): I SIN(@p o), 0, to e ) the velocity of point

Done ! D one D one D one

Disu, (ty o Io) - INK', attimet, ", the velocity of point Disu, (t, )" =u,, (t, ", 15, )")".

Done?

Upy (tDone) = uax(tDone' rD) = _rDa)Sin(thone) :
Upy (toone) = U,y (tp ones Ip) = lo@COS(aty o, ) -

N . oy Up(thoe) -V —ryosin(et,,..)—V
oy (1) =U (o (1)) =2 - Lz
1- o —5 Up, (tp one) 1+C ryosin(oty )

uDy (tD one) 1 _ r-Da)Co S(a)tD one) 1_£
v B 2"

\" Vv . I
1_072uDX(tDone) 7/( ) 1+C7er5|n(thone)

Uy () = U, (4 15(4 ) )=

P Us ()= (U, (1 (6))) =1/ 1 m'z \/ o, 07+ U )

C

—(1+ ryosin(at, ,..)) ¥(V) 7 (o).

r(U, (615 (1)) Uy (& 16 (1 1)) = (—Roosin(aty 4, ) - V) 7 (V) 7 (o).

Set w>0,C>V=qar,>0.

InK', at timet', for any point on OA, its coordinates is (X', y'0,t) . Assume an eventE, . occurs
at(x',y',0,t"). Using Lorentz transformation between K and K', translate (x',y',0,t") into(X,Y,0,t), here,
t"is a function of tandr . Also it can be consideredt =t _(t',r) . the coordinates of eventE, ,.inK . The eventE, ,
occurs at (X,Y,0,t) in K . Here are yp(u, (t'1))u, @'1)" = (—resin(at,(t'r))-V) V) r(reo) ,
I'=f_(t',r)". Though r isa constant of each point. But for determinedt"’, each r correspondsto |'one by one.
So r can be considered as a function of t'and |". Corresponding to the time t'=t,'=0, inK", for any point on
OA except O, there are sin(at, (t,', 1)) >0 (reason 1); Corresponding to the time t'=t,'=y(V)t,..., iK', for any
point on OA except O, there are t_(t,', ) =t .. =% , sin(at, (t,',1)) =1

InK', at timet', for any point on OB, its coordinates is(X', y',0,t"). Event E,,. occurs at (x',y"0,t").
Translate (x',y',0,t") into(X,y,0,t), the coordinates of eventE, . inK, here t:tﬂ(t', r). The eventE, ,

occurs at (X, y,0,t) in K . Here are y(u,(t'1))u, t,1)" = (-rosin(at,(t'r)+z)-v) y(v) y(ro) ,
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I'=f,(t',r)". Though r isa constant of each point. But for determinedt', each r correspondsto |'one by one.
So r can be considered as a function of t'and |'. Corresponding to the time t'=t,'=0, in K", for any point on
OB except O, there are sin(et,(t, ", r)+7) >0 (reason 2); Corresponding to the time t'=t,'=y (V) t; ., in K", for

any point on OB except O, there are t,(t,',r) =t .= 21 sin(at, (t, ', r)+7) =-1.
@

4. 4-momentum of AB in K'attime t'=0and t,'=y(V)t, ..

For confirmed auxiliary circle D and auxiliary circle M, ry=r., I, =r,. Now calculate 4-momentum of MD

and NEon x'directionin K'attime t '=0and t;'=y(V)t,,..

b )
(CY)

Pon ()= [ (U, 019 2, (611 U ) (here 1'=1,(4,,1)". )

ID(tl) R - 1 '
=[P 1) (rosin(at, (4',1) =V) () y(ro)d

Though r isa constant of each point. But for determinedt'=t,', each r correspondsto |'one by one. So r
can be considered as a function of t 'and |'.And |' also can be considered as a function of t 'andr .

Because sin(at, (t,',r))>0

Puo(t.) <[} =, (1) v 7 ) y(ra)dl’

I'is functionof t,'and r, I'=f (t,',r)". t '=0isa constant. Make variable substitution|'— r
Ruon 6 < [ =, 0 1,61 v ) e
:I -9, (") (ti 2k vV (V) y(ro)dr

- Jr: =PV (V) y(reo)dr

()< =PV (V) y(ro)dr.

Puoe (6)'=[” A1) (-ro=v) v 7(v) y(re)dr

P ()= [ A1) (ro=v) v 7 (v) y(ro)dr
For confirmed auxiliary circle D and auxiliary circle M, ry=r., I, =T, .
J, =P o y) yro)dr+ [ p(r) re y(v) y(ro)dr =0

50 Puoe(t)'+ Pt )'= [ =p(0) v 7 (V) 7(re)dr + [ —p(r) v 7 (v) y(re)dr
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Then I:)MDX (tl I) + I:)NEX (tl .) ‘< I:)MDX (t3 I) + I:)NEX (tB I) K
When r,=0, I, =r,, get the sum of the momentum of rod AB on X 'direction along the curve AB, in K" at
timet,'and t,":

Poac (L)' < Pyay (1) ", under the condition @ >0, ¢ >V =ar, >0.
The 4-momentum on X 'direction of one isolated spokes measured in K is non-conservation.
In K, AB is an isolated system, 4 momentum conservation. In K ', the 4 momentum of AB must be conserved.

5. The momentum change is not caused by space-time bending.

P 1) I_ P t nt
Remember kg, = —2 ()= Fon(t) . Reduce the mass of the rod AB to half of the original mass, and then

PBAX (t3 ') I

reduce it to half of the mass just now, until infinitesimal, in K . And the velocity of K' relative to K is not infinitely

Vv
close to C (— is not infinitely close to 1). Value of k,g will not change at this process of the quality of rod AB
C

changing. So kg is determined by parametersv, w and r,, and the result in paper is independent of the space-time

bending.

6. Conclusion

The momentum of an isolated system consisting of particles is conserved when calculate the momentum at the
times when there is no any interact between each other under any inertial reference frame. Of course at other intervals,
particles can interact with each other. There is no doubt about it.

But now there is a result: The 4-momentum on X 'direction of one isolated spokes is non-conservation, inK ',

To eliminate the contradictory result in paper, it is necessary that the potential energy of rod AB at t,' is less

than it at t3 I' that is msumOAB (tl ') ‘< I"nsumOAB (t3 I) I' msumO AB (t) * msumOAB (t I)' :

So the contradiction is that the internal potential energy of a rigid body varies relative to a fixed frame of
reference, according to the requirements of special relativity. But rod AB is a born rigid body, its potential energy is
unchanged, which has nothing to do with reference frame.
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reason 1:

L= (-5
X =r cos(wt)
t:ta(t1 "r)
t'=0

v
at,(t,',r)—— rocos(at, (t,',r)) =0.
c
v
For any point on OA except O, 0<r <r,, O<rw<c,0<—rw<1.(Because 0<w,0<V )
c
There is only one solution0 < X < 7/ 2 satisfying for the equation X —acos X =0, at condition 0O<a <1.

So, O<at, (t,',r)<z/2, sin(at,(t ' r))>0.
Reason 2: t,"= y(V)(t,(t "1 —Clz rcos(at, (t, 1) + 7)) =0,
wt, (') _clz rocos(at,(t,',r)+z) =0,

v
wt, (4" r)+ = raocos(at,(t, ', r)) =0.

Vv
For any point on OB except O, I <y, O<rw<cC,0<—rw<l. (Because 0<w,0<V )
C

There is only one solution —7z / 2 < X <0 satisfying for the equation X +acos X =0, at condition 0<a <1.

So, —ml2<aty(t',r)<0, sin(at,(t',r)+mz)>0.

n 12 u t v 12+u n 12
Detailed process 1/ ll—w =1/ \/1— o) — 4)
C C

\' .
1+C—2 ryosin(oty )
) 2 2 v?
(—ryosin(aty ) — V) + (ryecos(aly ) (1—0—2)

v )
(1+C—2rDa)5|n(a)tDone))2 - 2

L+ ry@sin(ety,,))c?
C

\/(Cz +Vryosin(oty .))° =% (—rywsin(oty .. ) — V) — (@ cos(aty . ) (€7 —V?)

v :
(1+C—2rDa)sm(ootDone))c2

¢t V22w sin(at,,, )’ +2C°Vr wsin(aty o) — C 1’ @’ sin(ety o, )° — C°VZ — 2% r v sin(ety o, )

—C’r.%0° cos(at,,, )’ + V120 cos(aty )’

(1+(2/2rDa)Sin(a)tDone))C2 (1+(z/2rDa)5in(a)tDone))C2

\/C4 +V2rD2a)2 —C2rD2w2 _c? \/C4 _CzrDza)z _ o2 +V2rD2a)2
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(L Y rowsin(@ty )

\/(C r )(C v ) _(1+ v ryosin(aty ,..)) 7 (V) 7 (o)
—rlm _

Detailed process Py, (t, )’ J U, 1)), 1) U, (6 1)

=JA|IE.IPﬁ(t1',|')'(—I’a)sin(a)tﬁ(tl', N+7z)=V)y(v) y(re)dl” ,  because sin(wt, (Y’ r)+7z)>0

< LI —py (1) vy (v) y(reo)dl’

of (1)’
or

=.[rrNE Py (", fﬁ t\n) vy (V) y(re)dr

of, ()’
or

:.[rr: —g,(t ")’ vy (V) 7(re)dr

= J: —p(r)Vy (V) y(rew)dr

Detailed process B,p, (t;")’ I y(u 1)), 1)y, (1) dl

=[P (1) (rasin(et, (4, )~y () yre)dl” because sin(at, (t," 1)) =1
:LIMD-‘ P, (1) (=ro—v)y(v) y(reo)dl’

:J‘rropa(t f (t Y of ('[ ,r'
=" ' M
_J.rM 9.("r)’ or

:v[r': ,O(I’)(—I’a)—v)y(v) }/(ra))dl’

—4=2 2 (—ro—-V)y(v) 7(re)dr

(—ro—v)y(v) y(reo)dr

Detailed process Py, (t;")" J 7/(u (" 1))0, (1) U, (t 1) dI
:JAIIE.IPﬁ(ts L) (=rosin(at, (&', r)+7) —Vv)y (v) y(ro)dl” because sin(at,(t,',r)+z)=-1
=[Py 1) o-V)y ) y(ra)dr

:J-rLE Pyt T, 1)) ( 1) —+— " (ro-V)y(v) y(ro)dr

w (ro—v)y(v) y(ro)dr

=[ 9,0y

= [ pr)(ro-V)y ) y(royr
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