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Abstract

The relative dimension velocity were converted to the relative time velocity in all equations
by using the reciprocal of the velocity that equal to the negative of time velocity. The equations of
the relative time velocity of two moving particles are in the same and opposite direction. The
resultant of time velocity of two moving particles travel with right and less right angle ,while the
resultant of time velocity in three-components. The relative uniform translational and rotational
time velocities are derived from the known dimension velocity equations. The Lorentz- Einstein
transformations are converted by the principle formula(reciprocal ). In addition to, the classical
relative of elapsed time was produced in a different directions of two moving particles, so that the
time values was postulate to verify the time of moving one particle or more. The new relative
reciprocal equations give an obvious and complementary idea about the classical relative maotion,
whenever the special relativity of moving particles with very high time velocities are also verified.
Key wards: reciprocal, relative, velocity, Lorentz- Einstein transformation, translation, rotation.

Introduction

Kinematics treats the geometry of motion without taking into account their inertial*!. A relative
concept must always be referred to a particular frame of reference, chosen by observer. Different
observers may use different frame of reference. It is important to know how observations made by
different observers are related™®. In solving problems of mechanics, it is often more expedient to
consider the motion of a particle simultaneously with respect to frames of reference, one of which
is assumed to be fixed and the other moving in some specified way with reference to the first™. The
motion performed in this case by the particle is called resultant, or combined motion. The method of
resolving a motion into simpler motions by introducing a supplementary moving frame of reference
is widely employed in kinematics calculations, thereby underling the practical value of the theory
of resultant motion considered in this*. The stationary and motion are relative concepts that serve
as frame of reference ™. An event of motion has not only position; it also has a time of occurrence
B In pure geometry the theories of similar (reciprocal theorem of Betti and Raleigh) reciprocal and
inverse figures (reciprocal diagram) have led to many extensions of science (e.g. the refractive
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index being proportional to the velocity or the reciprocal of velocity) ! . The concepts generalize
to time - varying and to vector — valued Morse functions [}, It sometimes uses the reciprocal lattice
for crystal structure. (Lima Siow) formulated equivalent principle that the kinetic acceleration is
equal to the potential acceleration  (d?r/ dt’= - da/dr)®!.

This theoretical study referred to relative reciprocal of dimension velocity (time velocity)with
respect to frame of reference and observer of moving body, due to Galilean transformation, also
related to Lorentz(Einstein) transformation. These equations give a new general formula of relative
motion of the particle with respect to fixed point or relative moving point in addition to the known
relative equations. It is regarded an integrated equations to know the relative motions of bodies.

The relative reciprocal velocity of moving particles with respect to observer:
a)The relative time velocity of two particles:
The relative dimension velocity of a particle with respect to another in the same direction is equal to the
difference of two dimension velocities. So the relative dimension velocity vxap Of a particle a have
velocity vemWwith respect to a particle b have velocity vy is given by M

Vyiab) = V@ ~ V) 1)
Where x(ab) is the direction of a with respect to b in one dimension.

It was known that v, :—i , (the displacement velocity is equal to negative of reciprocal time
t

velocity) ! substitute in eq.(1) :

1 __ 1 1

a T )
Vt(ab) Vta th
Or
gy =~ @
t(a
Via = Vi

This equation represents the relative time velocity of two particles travel in the same
direction, for ex. if:

Vi, ==0.2s/m,v,, =-0.5s/m,then,v, ,, =-0.333s/m,v, ,, =3m/s

If two particles travel in opposite direction, the equation becomes:

Vian) = Vx(a) * Vi) (4)

And the relative time velocity of the two particles is:
Vtavtb

V., Vip

ta —

~Vi@n) =~ ®)

For ex. ,if:
Vi, =-0.28/m,v,, =-0.5s/m,thenv, ,, =-0.1428/m,and,v,,, =7m/s,

b) Relative time of two traveling particles:
The rel[agive time of two traveling particles in the same direction obtained from equation (3) and vy
=- I/Vt 1 .

Vx(ab) == 1/Via) (6)
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ata@tb

dt,,  OX.0%,

dx, Ot ot @
OX, OX,

By integrating the above equation, the results:
ataatbdxab

dt, = 8

P ox,ot, — ox,ot, ®)
By dividing the right hand side with Ot,0t, obtained:
dt,, = — e ©

Via "V
If the distance dx(ab) = ox, = 0x, ,and conciliate from eq.(8) the results:
ot, oty
= 10
o, —at, (10)

For ex.,if  Ot, =25,0t, =55,t=3.3333 that is the time difference between two particles travel in the

same direction at equal distance.
In opposite direction, eq. (6) becomes:

ot, oty
dt,  OX,0x,

dx, ot, ot (1)
al . a + Y
OX, OX,
With the same method :
[dt = ooty (12)
ot, +ot,

c)The resultant of time velocity of a particle travel with right angle!?! :
SINCe Vi =Vyy” +Vyp"

1 1 1
(-——) =) +(->)? (13)
Vt(ab) ta th
So
_ Vtavtb
Viaby = MV (14)
ta th
at.ot,
v OX,OXy, (15)
t(ab) 2 2 2 2
(ot,)"(0%,)" + (ot,)"(o%,)
(OXx,0%, )
ot ot
Vi) = > (16)

J@t)2(0%,)7 + (@t,)7 (0x,)?
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If two particles move in an uniform time velocity, —% = Si
a Xb

Vigap) =0.7071v,, (17)

Also from eq.(16):

[dt = o, t, dx

J@t,)2(0%,)7 + (@)% (0x,)?

We can assume that at,ox, = 6t,ox, =« ,s0 the previous equation becomes!?:
ataatb

P “8)
o, ot
t=——2"b gy (19)
V20t ox,

t= 0.7071ﬁ\/(o|xa)2 +(dx,)?
OX,,

Or

t=0.7074/t,% +t,° (20)

d)The resultant of two time velocities with angle less 90° :
It is known that the resultant value of two displacement velocities give from the equation:

v =v, 4V, —2v Vv, cosd

xa ' xb

By substituting with relation v, = —i, we obtain
Vt

1 )2 _ (_i)Z +(_i)2 _2(_i)(—i)COS(9

t(ab) ta th ta th

(_

By simple mathematical treatment, results is:

Vtavtb

Vi(an) = (21)

WV V2 = 2V,,V,, COSO
For ex.:

Ve =2M/s,v, =5m/s,v, =-0.5s/m,v, =-0.2s/m,0 =60°,v,,, =4.3589m/s,
Viany = —0.2294s/m

e)The resultant of time velocity in three-components:
To find the time velocity in perpendicular co-ordinates, we use the known vector relation:

Vi

Since the displacement velocity vector is equal the negative of the reciprocal time velocity vector

A

=ivx+jvy+kvz (22)

_)
A
vV, =-=
Vt
Here A is unit vector of velocity in three dimension.
Then
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N /-\ /: N
A ] k
—=—+——+
Vi Vi Vty Vi,

The resultant of time velocity vector is given by:
AN

A A
_ I Vtyvtz + ] Vtxvtz +k Vtxvty

PR |
AV, © 7 V, V.,V 23)

tx Vty Vtz
The magnitude of the time velocity vector Obtained with using eq.(22):

1 1 1 1
+—+

Results:

Vthtthz

V., =
t 2. 2 2. 2 2. 2 (24)
\/ Vi Vio TV Vi Vi Vy
Ex:

v, =2m/s,v, =4m/s,v, =om/s,v, =-0.5s/m,v,, =-0.25s/m,v,, =-0.2s/m,
v, =6.7082m/s,v, =-0.1491s/m

f)Relative uniform translational time velocity:
Let us consider two observers o and o / that move, relative to each other, with translational uniform

motion. Observer o sees observer o/ moving with dimension velocity v, while o’ sees o moving

with velocity —V, ,or o sees o/ moving with time velocity V,, ,while o’ sees o moving with time

tx?

velocity + Vv, .

- - - A
With v, as their constant relative dimension velocity, we may write 00’ =v, t and v, =uxV,

N

. . - Aot .
By using the reciprocal concept : 00'=vit=-ux—, the scalar product of two sides by

Vi,

u, producel®:

A - AA t
Ux th :—UX’UX—
VtX
1
V, =——
V,

Consider now a particle at point A as shown in Fig.(1), we see that™®
- 2> -

4
r=r=yv, t (25)
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Fig.(1)Frames of reference in uniform relative translational motion!®!

The above vector equation can be separated into its three components, taking into account the fact
thatv, is parallel to axis [

! ! 4 !
x=x—vxt,y:y,z:z,t =1 (26)
The last equation that called a Galilean transformation, means that the time measurements are
independent of the motion of the observer.
To find the same equations with respect to time velocity, the set equations simply become:
t
X =X+—,y =V, =zt =t 27)
Vi

The dimension velocity\7x of A relative to o is defined by:

Vo= g, W, 92
*Tdt - dt . dt o dt (28)

And the dimension velocity Vv of A relative to o is ,

v 90 K, W,
T dt - dt  dt O dt (29)

Whent =1t .Taking the derivative of eq.(25) relative to time and noting that v is constant, so we
have:

— 7 — -
V r — V r— Vv r (30)

This equation may separate into the three dimension velocity components :
Vx’ =V x—Vx ,VY' =Vy ,Vz’ :Vz (31)

These equations give the Galilean rule for comparing the dimension velocity of a particle as
measured by two observers to relative translational motion.
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_)
With respect to time velocity Vt' of A relative to o, we can be produce, the derivative of time with
respect to co-ordinates by substituting in eq.(28):
V—u dt 0 dt+a dt+a dt
- — = Ux — y = r A
UTrar Ydx Cdydz (32)
. '

The time velocity Vt' of A relative to o’ depending on eq.(29):

> o~ dt o~ dt o~ dt o~ dt

V ZUr' =Ux' +Uy' +UZ'

Car Tl T dy e )
At t =t’ also substitute in eq.(30) by relations:

!

- A 1 — A 1 - A 1

Vr :_Ur’_ Vr:_Ur_Vr:_Ur—
\A V, V,
Results:
_Ur,' _ U ur (34)
Vt Vt Vt

The magnitude can be obtained by using the dimension derivatives in three space, returning to
eq.(26)as follow :

X'=x-v,t
Derive with respect to time :
dx" dx
= — — VX
dt dt
de _ dt (35)
dx" dx—v,dt
Divide the right side by dt we obtain :
V' - Vo Ve (36)
" Vix _Vtx
dt 1
. Vtx:_’vtx:__
noting that dx vV,
Separate into three time velocity components:
Vie = M’Vt;/' :Vty1 Ve =V, (37)
Vix = Vix

These three equations give another Galilean rule of a particle as measured with time velocity by two
observers in relative translational motion.
The dimension acceleration of A relative to o and o’ is obtained by:

dv, . o dv . . .
L and a’ = dtr respectively using the same t in both cases.

5
a, =

r
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dv,

From equation (30) ,noting that el 0,because v, is constant ,however we obtain[ :

dv,  dv,
dt  dt

’

ora, =a, (39)

Which expressed in rectangular coordinates, is a,, =a,,a;, =a,,a;, =4,

In other word ,both observers measure the same acceleration, that is, the acceleration of a particle is
the same for all observers in uniform relative translational motion, or the dimension acceleration
remains invariant when passing from one frame of reference to any other .

The time acceleration that equal the ratio of the change in time velocity to the traveled path(s/m?) of
a particle A relative to frame of reference oand o’ or:

!

dvtx 4 thX' H
=—= and ay = respectively
dx dx

!

X

Here we use the same time t, but different x .
From eq.(37),differentiae with respect to x’ :

dv, dv, dv, dy,
’ Y 7X+V X —v.V X tx
thX’ _ (Vtx tx)[vtx dX tx dX ] tx tx[ dX dX ]
dx'’ (Vtx _Vtx)2
Vv 2 thx -V 2 dvtx
a i _ tx dX tx dX
" (Vtx _Vtx)2
CVSla, —via, 0 dVy, o dv
So atx — a‘tx Vtxzatx ’aty — ty ,atz — tz (39)
(Ve = Vi) dy dz

"

V,
Where a, = dd—tx
X

In other words, both observers have the same time acceleration. That is, the time acceleration of a
particle is the same for all observers in a uniform relative translational time motion. This result
offers us an example of a new physical quantity — the time acceleration of a particle — that appears
as the dimensional acceleration to independent of the motion of an observer, in other words, we
have found that dimension or time acceleration remains invariant when passing from frame of
reference to any other which is in uniform relative translational motion .
g)Uniform Relative Rotational Time angular velocity:
Let now consider two observers o and o / rotating relative to each but with no relative translational
motion. For simplicity we shall assume that both 0 and o are in the same region of space and that
each uses a frame of reference attach to itself, but with common region. o / is rotating with
-

dimension angular velocity reveres; o / observes frame XYZ with @, .The position vector r of a
particle A referred to XYZ is? :

- AN AN N

Fr=UxX+Uyy+U;Z (40)

dr _~ dx » dy  dz

—=Ux—+Uu U, —
dt e (41)
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Similarly, the position vector of A refereed to X'Y'Z' is:

d AN AN AN

'=ux X'+Uy Yy +Uzr 7' (42)

The vector r isthe same as in eq.(40).

The dimension velocity of A as measured by o relative to its own frame of reference X'Y'Z’ is:

dr' ~ dx ~ dy ~ dZ
=Ux' +Uy’ +Uz'
dt dt " dt ¢ dt

The time velocity by using the reciprocal dimension base with scalar quantity of eq.(41):

1 1 1 1
_— = — 4 —
Vi Ve Vo Vi
Or
ViVyVe
Vie = (43)

- Vtthz tVVe t Vtxvty
For ex.v, =-0.2s/m,v,, =-0.5s/m,v,, =0.25s/m,v,, =-0.09091/m,v, =11m/s

In taking the derivative of eq.(42),observer o ' has assumed that his frame X'Y'Z’ is not rotating, and
has therefore considered the unit vectors as constant in direction. However, observer o has the right

AN N N

to say that, the frame X'Y'Z’ is rotating and therefore the unit vectors Ux', Uy, Uz are not constant
in direction, and that in computing the time derivative of Eq.(42) one must write
—> A N A
dr »~ dx" ~ dy’ »~ dz” ,dux ,duy _,duy
—=Ux' +Uy' +UZ’ + X +y + 7
dt dt dt dt dt dt dt

(44)

A A AN
Now the endpoints of vectors Ux, Uy, Uz are (by assumption in uniform circular motion relative to

N
—

du,
0, with dimension angular velocity @, .In other words d—tx is the dimension velocity of a point at

5
unit distance from o and with uniform circular motion with displacement angular velocity @, .
Considering that R remains constant, we obtain :

vV, = E = Rd_e
dt dt
. do . _ ) _
The quantity @, = I is called the dimension angular velocity (rad/s)
) . - - >
since R=rsiny,v. =@ rsiny = v =woxr

Therefore

N
A
due - ~ de’ - 2~ duy - A

at e = oxUy, XUy @)
According to eq.(44) we may write:

dt dt
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- -

d Gx’ d Gy’ d GZ’ - A - A - A
X' +y' + 7' =w XU, X'+oxUy Y+owxUurz =X T 146
gt ) Tt dt x vy i r (46)
Introducing this result in eq.(44) and using eq (41) and (46) ,we get:

'
- - -

ﬁ

V=V, +orxr (47)

This expression gives the relation between the dimension velocities v, and v/,as recorded by
observer 0 and o in relative distant rotational motion.

To obtain the relation between the dimension accelerations, we proceed in a similar way. The
displacement acceleration of A, as measured by o relative to XYZ is?

aT—d\7r—C| dVX+a dVyLG dv,
T odtdt  dt dt (48)

The dimension acceleration of A, as measured by o/ relative to X'Y'Z’ ,when he again ignores the
rotation:

E?—G dVX'+G dVy'+G avy
T dt T dt 0 dt (49)

When we differentiate eq.(47) with respect to t, remembering that we are assuming that o, is
constant, we obtain:

dv. dv’, - dr

ar = = + @ X —
dt  dt dt (0)
Ve AV G
" odt dt o
> dve _dvi oo o o
a, = = + @' x (wrxT)
dt dt
- - - - -
a, :a'r+a)’r><(a)r>< r) (51)
With respect to angular time velocity and linear time velocity by using the reciprocal
velocityv, = —i:
Vt
dt  dt o
V'[ = = = —
ds Rdé R
@, =v.rsiny (52)
- - -
oot =veX T

The direction of . is the same of direction of @,

For ex.o=5rad/s,r=2m,y=30°,R=1m,Find v,and verify
Solution: v/= 5m/s, o=-1/5 s/rad

To find the displacement acceleration follow the equation:
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— dVr_> - >

gt Vet 53)

— d — —

ar =—(wrxr),w. =const
Olt( ), @,

%
- - dr - —

Ar = WO X — = a)rXVr
at = ¢ ) &9

For time acceleration :

d dt, dv,

%= 559 " ds )

O
rsiny
Derive With respect to distance becomes:

4o

s rsmy

But ds=rdé&

4 o

rdé rsiny
1 do,

r’siny deo

But Vt =

aq, =

Or & = (56)

do,
But the time angular acceleration is oy = do

o

a =———— 7
So % rZSIH]/ (57)

Where a)t is variable .
For ex. r =2m, y=30°,0,=5rad/s v;=5m /5, a=osiny=12.5m/s?
a=25s/rad’, m=-1/5s/rad.

h)The Time Lorentz-Einstein Transformations:

The fourth equation in eq.(26) (t = t') can longer correct, so we may adjust the time as well as the
distance if the quotient of the two is to remain the same for observers in relative motion as it does in
the case of the dimension velocity of light, that equal to 2.9979 x10°m/s ,or equal to 3.335668x10"
%s/m or 3.335668ns/m in time velocity concept ,in other wards, the time interval between two events
does not have the same for observers in relative motion.

The [g]ew transformation, which is compatible with invariant of the dimension velocity of light, is
then*,
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C

r_ X_th r_ r_ t!_
_—Z,y—y,Z—Z, R (58)
Vy Vy
1- 2 1- 2
Cx Cx

Another new transformation, which is compatible with invariant of the time velocity of light, is
then,

t
X+ — t+
Vt Vt

N (59)
/ G
v,

Where v, —,Cc, =—
v

The two set equation is called the Lorentz dimension and time transformation respectively.
Practically the value of k is equal to one for every dimension and time because c, or c; is a distance
velocity and time velocity very large compared with the great velocities, that is also no difference
between the Lorentzian and Galilean transformations in this case.

As we know the Lorentz — or relativistic — transformation must use for very fast particles as the
electrons in atoms or particles in cosmic rays.

i)Transformation of dimension and time velocity

The dimension and time velocity of A as measured by o has components!? :

dx. dy. dz dt dt dt
vy Wy gz, _dy, oty _dt
A Tt Ay e 60

Similarly, the components of distance and time velocities of A as measured by o’ are
dx’ dy’ dz’ ,,, dt’ dt dt

V= ’Vy,’ = Vy = Viy ==V ==V, =—
dt’ dt’ dt’ dx' "V dy dz

Note that we now use Ot and not dt ,Jbecause t and t’ are not longer the same. Differentiating
equations (23) becomes:

(61)

dx" =k(dx—v,dt) =k(V, —v,)dt,dy’ =dy,dz’ = dz,dt’ =k(dt—v %—k(l X)dt(62)
CX CX
Where k = 1 WV, _dx
v 2 dt
1-—7
c

In first and last equations, dx has been replaced by V,dt, according to eq.(60) .Therefore dividing
the first three of these equations by the fourth we obtain :

_ ! V ’ V
D R A et e i
1% k( k(-7
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also k =
2

Ct

1 "
if v,=0.8¢,=0.8 x3x10°=2.4x10°m/s
c=0.8x v=0.8x0.416625 x10°=3.33x10"%s/m
This set of equations give the law for the Lorentz transformation of velocities , that is ,the role for
comparing the velocity of a body or measured by two observers in uniform relative translational
motion. A gain this reduces to eq.(26) for relative velocities which are very small compared with
the velocity of light.
For length contraction and time dilation, the equation becomes :

L= [1-2cp (64)
CX
C2
orL=f1-2t 1 (65)
Vt
T 1T (66)

2 2
1_VX 1_Ct7
2 2

CX Vt

Where T'is the time interval measured by an observer o’ at rest with respect to the point where the
events occurred, and T is the time interval measured by an observer o relative to whom the point
is in motion when the events occurred. That is, observer o saw the events occur at two different

positions in space. Since the factor ;2 is larger than 1,equation (66) indicates that T is

c
1—\;—2
t
greater than T'.Therefore processes appear to take longer time when they occur in a body in

motion relative to the observer than when the body is at rest relative to the observer than when the
body is at rest relative to observer ,that is Tmotion >Trest )

Conclusions

Many equations of relative time velocity compatible with relative dimension velocity are
produced to describe the translational and rotational relative motion of a body due to Galilean and
Lorentz transformations. This is considered an addition equations to complete the concept of
relative kinematical motion of a particle. All new equations that obtained from the known give the
most meaning of the relative movement of the particle. The dimension movement of particles is not
derive from as a general concept so that give the truth for translation or rotation. The calculating
values of the relative dimension or time velocity are in agreement with each other. The idea about
converting the two relative velocities to each other gives complementary to the fixed and moving
observers with respect to dimension in addition to time.
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