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Abstract—In [1] an observer at rest and perpendicular
to moving source will detect a difference in the time of
arrival of the initial o and final =' waves as t' > 10 a
transverse relative time shift. The position of the
observer in [1] for source velocities near the speed of
light has the disadvantage of having to wait a long time
to detect t'. The observer cannot detect t' for velocities
equal to or greater than the speed of light. This work
shows that moving the observer to a strategic position
downstream from the t' signal has the advantage of
introducing observability of t'. The transverse relative
time shift formulas are derived for the stationary
observer perpendicular to and also on the path axis for
velocities less than and much greater than c. Also, a
method to calculate transverse relative length is
proposed.

Index Terms—Extinction shift principle, transverse
relative time shift, transverse relative length, hyper
light velocity.

LIST OF ACRONYMS

¢ Speed of light in meters per second, assumed 3x108 m

ds Time is seconds from the birth signal to the death
signal as observed by the stationary observer

K Area formed by birth and death signal centers moving
with velocity v and the fixed observer

le  Transverse relative length in meters

Ls Time in seconds from birth signal to death signal
as observed by the signal source with velocity v

m Meters

s Seconds

S Source location

t  Standard time in seconds for all clocks

7o Time in seconds related to birth signal

7' Time in seconds related to death signal

v Velocity of signal source in meters per second

I. INTRODUCTION

This work describes the geometry between time, space, and
light signals when the source is moving at constant
velocity. All clocks everywhere read the same time t in
seconds (s) and have the same clock rate, At. When At = 1s
all clocks will have advanced in measurement by 1 second.
Time t progresses with increasing magnitude in physical
processes. The source S travels along the X axis with
constant velocity v in meters per second (m/s). S moving
with positive velocity (+v) indicates that S is moving from

left to right along the X axis; hence, after some time At, S
will have moved X meters to the right (1).

X = (+AL)(+v)m. (1)

Negative velocity (-v) indicates that S is moving from right
to left along the X axis; hence, after some time At, S will
have moved X meters to the left, X = (+At)(-v)m.

The Observer (©) is in the X, Y plane. S emits the birth
signal at location So, the coordinate origin, at time to. Time
to marks the time on all clocks when S is at the coordinate
origin and emits the birth signal Wo. S emits the death
signal W1 at 7o and location S1, on the X axis (2) where o
is in seconds.

70 =10 + At 2

Time to does not mark the beginning of time. The time to
marks the time on all clocks everywhere when S is at the
origin and emits the birth signal. The Observer is in a fixed
position in the X, Y plane. The Observer’s clock rate is the
same as S. When S clock reads 3 seconds the Observer’s
clock reads 3 seconds. There is a time delay for the birth
signal Wo to pass the Observer and there is an additional
time delay for the death signal W1 to pass the Observer.
The observer does not alter the path of the signal. The next
subsection will show how to calculate the signal’s Wo and
Wi position in the X, Y plane when S has velocity v =0
m/s. The following subsection will show how to calculate
the signal’s position in the X, Y plane when S has velocity
v =c m/s along the X axis where c is the velocity magnitude
of the speed of light, ¢ = 3x10® m. Armed with these tools
the Observer in Section Il, can see why it has limited of
signal observability. The geometry for transverse relative
time shift is in Section 111 where v < c. Section IV is the
geometry for signal observability when v = c. Section V is
the geometry for signal observability for v = 2c and greater.
Section VI shows how to find the location of the Observer
using Heron’s formula and equations for two intersection
circles. Section VIl proposes a method to calculate
observed transverse relative length for objects traveling up
to and beyond c. Section VIII concludes with some
observation.

A. Geometry to calculate a signals position when S has
velocity v =0 m/s.

Signal Source, S, in Figure 1 is located at the origin of the
X, Y axis when to = 0s. S has velocity vs = 0 m/s. S is not
moving with respect to the coordinates and Observers 1, 2,



3, and 4. Signal Wo is emitted by S at location So the
coordinate origin when to = 0s. It is assumed that the signal
velocity Wo(vo) is ¢ = 3x108 m/s in the radial direction away
from the signal source center. Wo is a spherical wave
expanding away from S with velocity ¢ m/s while
maintaining S for its center. The intersection of Wo with
the Observer and the X, Y axis is a circle when to > 0s.
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Fig. 1: Geometry to calculate signal position when S has
velocity v=0 m/s.

Wo(vo, Oo) is a vector having both magnitude (vo) in m/s
and direction (©o) where 6o is in radians. The signal
progresses through some time zo with velocity Wo(vo) to
arrive at the coordinate Wo(X,Y) (3). The distance ro (3)
between the coordinate origin and Wo(X,Y) is

o = ToVo (3)
ro = (3s)(3x108 m/s)
ro=9x108m

Signal arrives at Observer 1, Observer 3 and Observer 4 in
To = 3s.

Wo arrives at Observer 1, Observer 2, Observer 3 and
Observer 4 in 7o = 3s.

Since the signal source S is fixed with respect to the
coordinate origin and all observers there is no preferred
reference for the angle @. The reference for @ is selected
to be the position of Observer 1 where the velocity vo of the
signal is positive, notice that the signal Wo time vector o is
positive in all directions. In Figure 1, @ is the angle from
the +X axis. Positive @ is in the counter clockwise
direction from the +X axis where @ = 0 radians. @ ranges
from O to 2IT radians. The coordinates of Wo(X,Y) when
time is 7o using ro (3) and @ can be calculated from (4)
and(5).

Wo (X,Y) = Wo(ro cos(0), ro sin(0)) 4)

Wo (X,Y) = Wo(Tovo c0s(0), Tovo Sin(0)) (5)

Table 1 include calculations for Wo (X, Y) coordinates
when t = 3s and v = 0 m/s for selected ©. Using (5) when
7o = 3s and v = ¢ m/s the coordinates of the Observers are

Wo (X1,Y1) = Wo((3s)(3x108)cos(0), (3s)(3x108)sin(0))
Wo (X1,Y1) = Wo(+9x108, 0) m
Wo (X2,Y2) = Wo((3s)(3x108)cos(IT), (3s)(3x108)sin(IT))
Wo (X2,Y2) = Wo(-9x108,0) m
Wo (X3,Y3)=Wo((3s)(3x108)cos(¥2 1), (3s)(3x108)sin(¥arn))
Wo (X3,Y3) = Wo(0,+9x108) m
Wo (X4,Y 2)=Wo((3s)(3x108)cos(3/211),(3s)(3x108)sin(3/211))
Wo (X4,Y1) = Wo(0,-9x108) m

W, (meters) Wo(X)=| W,l(Y)=
Angle t=3s Wcos(0)| Wesin(©)

Observer | (Radians) |X=cos(©)| Y=sin(©) r=t,c |O (Radians)| (m) (m)
Observer 1 0 1.0000 0.0000 9.000E+08 0 9.000E+08 [ 0.000E+00

(/411 | 0.7071 0.7071
Observer3 | (1/2)TT 0.0000 1.0000
(3/411 | -0.7071 0.7071
Observer 2 il -1.0000 0.0000
(5/4)T1 | -0.7071 -0.7071
Observer4 | (3/2)]T | 0.0000 | -1.0000
(7/411 | 0.7071 -0.7071

9.000E+08 | (1/4)TT
9000E+08 | (1/2)TT
9.000E+08 | (3/4)TT
9.000E+08 m

9.000E+08 | (5/4)TT
9.000E+08 | (3/2)TT
9.000E+08 | (7/8)TT

6.364E+08 | 6.364E+08
0.000E+00 | 9.000E+08
-6.364E+08 |  6.364E+08
-9.000E+08 [  0.000E+00
-6.364E+08 | -6.364E+08
0.000E+00 | -9.000E+08
6.364E+08 | -6.364E+08

Table 1: Calculated coordinates for Wo for selected © when
t=3s,v=0m/s.

The next subsection will locate Wo when S is moving on
the X-axis with velocity v m/s.

B. Geometry to calculate a signals position when S has
velocity v =c m/s.

Now let S, in Figure 2, have velocity vs on the X axis where
Vs =c m/s. S emits a signal Wo when X =0 m and to = 0s.
Wo travels with velocity of ¢ = 3x10%m/s in the radial
direction. The center of the sphere Wo coincides with the
traveling source S position on the X axis.

The position of S, S(X), using (3) is (6)
S(X) = ToVs. (6)

When S is restricted to traveling with vs on the X axis So is
the position of S on the coordinate origin and S is the
position of S at some time to. The reference for @ is
selected to be vs.

From (6) when 1o is 3s and vs is ¢ m/s

So (X) = Tovs (6)
So (X) = (0 s)(c m/s)
So(X)=0m
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Fig. 2: Geometry to calculate signal position when S has
velocity vs = ¢ m/s.

S1 (X) = Tovs (6)
S1 (X) = (3 5)(3x108 m/s)
S1 (X) = 9x108 m.

The coordinates of Wo must now be modified to include the
velocity component of S(X). Adding (6) to (5) give the new
coordinates Wo(X,Y) (7) which now include the effects
from S moving with constant velocity vs along the X-axis.

Wo (X,Y) = Wo((tovo + Tovs)cos(0), tovo Sin(®))  (7)

The new coordinates Wo (X,Y) for Observers 1,2,3, and 4
using (7) are calculated in Table 2 when S has velocity vs
=cm/s.

Wo (Y)
S(v) (m) WOo(X) wo(y)

Angle © | on X-axis t=3s [=(tovs+Toc)cos(© )| =(toc)sin(©)
Observer |(Radians) | v(m/s) | tovs(m) | r=1,c (m) (m)
Observer 1 0 3.000E+08|9.000E+08|9.000E+08 1.800E+09 0.000E+00
Observer 3| (1/2)1T [3.000E+08[9.000E+08(9.000E+08 9.000E+08 9.000E+08
Observer 2 I 3.000E+08|9.000E+08)9.000E+08 0.000E+00 0.000E+00
Observer 4| (3/2)1T [3.000E+08[9.000E+08(9.000E+08 9.000E+08 -9.000E+08

Table 2: Coordinates Wo (X,Y) for Observers 1,2,3, and 4
when S has velocity vs = ¢ m/s.

From Figure 2 Observer 2 may not see the signal for a long
time if off of the X axis and Observer 5 with -X
coordinates will not be able to detect Wo at all.

An important observation is that the signal Wo reaches
Observer 1 at twice the distance S has traveled from the
coordinate origin.

When S has velocity vs = -c m/s, Table 3, Observer 2 is at
the coordinate origin and Observer 1 is where Wo 2tovs. ©
measures the angle in radians from the velocity vector vs
along the —X axis in a clockwise rotation in the X, Y plane.

WO (Y)
s(v) (m) Wo(x) wo(y)

Angle © | on X-axis t=3s =(tovs+Tec)cos(® ) | =(toc)sin(© )
Observer | (Radians)| v (m/s) ToVs (M) r=T5C (m) (m)
Observer 1 0 -3.000E+08| -9.000E+08 | 9.000E+08 0.000E+00 0.000E+00
Observer 3| (1/2)]T |-3.000E+08| -9.000E+08 | 9.000E+08 -9.000E+08 9.000E+08
Observer 2 il -3.000E+08| -9.000E+08 | 9.000E+08 -1.800E+09 0.000E+00
Observer 4| (3/2)TT |-3.000E+08| -9.000E+08 | 9.000E+08 -9.000E+08 -9.000E+08

Table 3: Coordinates Wo (X,Y) for Observers 1,2,3, and 4
when S has velocity vs = -c m/s.

The next section will investigate signal observability when
the Observer at rest is placed a distance from the nearest
point on the path of a moving source with velocity v and
two signals are emitted by the Source.

I1. OBSERVER POSITION WITH LIMITED SIGNAL
OBSERVATILITY

In [1] it is shown that a resting observer placed a distance
from the nearest point on the path of a moving source with
velocity v will observe the arrival of the birth signal zo and
death signal =’ as =’ > 7o a transverse relative time shift.
Where in Figure 3 7o is the time (s) in seconds of flight of
the birth signal moving at velocity v perpendicular to the
stationary observer and z' is the time of flight of the death
signal to the observer. The birth signal is initiated at to = 0
S.
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Fig. 3: Transverse Relative Tifne‘ Shift. [i]

From geometry in Figure 3

(7'¢)? = (zoC)? + (z'v)?. 8
From [1] 7' is
T/ = \/ﬂﬁ . 9



The position of the observer outside the death signal light
cone with the geometry in (8) and (9) poses the dilemma
that as v approaches ¢, ¢’ approaches infinity. This infinity
physically represents zero (0) observability.

The geometry in this work is in a 2 dimensional plane. The
signals although spherical in nature are represented as
circles in this plane. The observer location is restricted to
the plane. The results of this work are general in nature and
can be extended to three dimensions.

It is shown in Section Il that moving the observer to the
strategic location on the death signal light cone will provide
observability, remove the infinity as v approaches ¢, and
allow for the observer to properly calculate the transverse
relative time shift for v < c. Section Il will explore the
geometry of v = c. Section IV will evaluate v =2c, 10c
and 100c. Section V will probe the use of Herons Formula
[2] and the intersection of two circles using the area-based
method to locate the coordinates of the observer. Section VI
will propose a method to calculate observed transverse
relative length for objects traveling up to and beyond c.
Section VII will conclude with some observations.

I11. TRANSVERSE RELATIVE TIME SHIFT

C. Observer perpendicular to signal path at z'c and v<c.

Locating the stationary happy observer (©) on the death
signal at ' and perpendicular to the center of the signal

. 3
allows the observer to see the signal whenv <c, v = gc.

In Figure 4 the happy observer (©) receives the birth signal
7o at t = 6.4066s and the death signal =z’ when ' = 6s and t
= 0s. Also, calculated values in this work are rounded to 4
decimal places.

From geometry (Figured)

(7oC)? = (dsv)? + (7'c)? (10)
dsv + 7ov = Lsv + 7'y (11)
dsv=Lsv + 7'v - 7oV (12)

ds=dsv /v. (13)

Where 7o is the time interval from the birth signal to the
happy observer, z'is the time interval from the death signal
to the happy observer, ds is the time the observer sees the
birth signal to the time the observer sees the death signal
and Ls is the time interval between the source birth and
death signals moving with +v, left to right, and —v, right to
left.

Time variables (zo, 7', ds, Ls) are always positive. Time
multiplied by the velocity of the source (zov, 7'v, dsv, Lsv)
is measured in meters and is positive (+v) or negative (-v).

The signal radiates radially outward from the moving
source with velocity of light +c on the sphere with radius

of the birth signal zoc and death signal z'c in meters (m).
The center of the light signal spheres coincide with the
signal source. zoc and z'c are positive (m) with respect to
the source.
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Fig. 4: Geometry for Transverse Relative Time Shift when
observer is perpendicular to signal path at z'c, +vand v <c.

Combining (10) and (12) yields (14). Set (14) to zero, (15),
and solve for z' (16) and then zo (17). The symbolic
language program Maxima [3] was used to find (16) (17).

(t06)? = (Lsv+ TV- V)2 + (TC)? (14)
0=(Lsv + 7'v - T0v)? + (t'¢)? - (70C)? (15)
o= C\/(ZLSTO—LSA)UA+C2TOA+(‘L’0—LS)U2 (16a)
vetc
To7 22402024 (ol 2
0= - C\/(ZLST +Lg )iztizr +(-t' -L)v . (17a)
7 2\p21.27 2 _ 2
o= _CJ(ZLSTO L¢ )v2+021'0 +(Lg—Tg)V (16b)
vetc
2, 2 2
0= cJ(2L511+L52)v2 +c2 T12+(T1+L v - (17b)

vT—=C

Solution (16b) and (17b) yield results for zo and z' < 0s
when v <= ¢ and are not used in this work.

Solving (17a) with 7' = 6s, ¢ = 3x108 m/s, Ls = 3.000s and

v= ?c yields 7o = 6.4066s. The happy observe starts a stop

watch at receipt of the birth signal (t=6.4066s). The happy
observer stops the stop watch at receipt of the death signal
(t=9s). The stop watch measures (counts) ds = 2.5934s (13).



The ratio z"zo = 0.9365. The ratio ds/Ls = 0.8645. The
neutral observer (®) using (9) measures the ratio t"z0 =

2.00 when v = gc. The sad observer (®) may not see the

death signal for v near ¢ due to being left of the birth signal
light cone and the neutral observer.

D. Observer on signal path at zoc, +v and v<c.

Now locate the happy observer within the death signal light
cone on the signal source path where t = 6.4066s from
geometry (Figure 5)
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Fig. 5: Geometry for Transverse Relative Time Shift when
observer is on signal path at zoc, +v, and v < c.

Tov+ toc= Lsv+ TV+ TC (8)
To(v+c) = Lsv+ t(v+ o) (19)
t'=(to(v+ 0 - LsV)/(v+ ©) (20)
T'=10-Lsv/(v+©). 21)

Solving (21) the happy observer measures 7’ = 1.6077s,
and the ratio /70 = 0.5359 when ¢ = 3x108 m/s, Ls = 7o =

3.000s and v = Ec.

2

E. Observer on signal path at zoc, -v and v<c.

Now locate the happy observer within the death signal light
cone on the signal source path where t = 6.4066s and —v.
From geometry (Figure 6)

Tov - (Toc) = Lsv + TV - (T'¢) (22)
w(v-¢)=Lv+T1(v-c) (23)
-to(c-v)=Lsv-T'(Cc-V) (24)

To(c-v) =-Lsv+ T'(c-v)(25)

(ro(c-v) + Lsv)/(c-v) =T(c-v)/(c-V) (26)
T'=10+ Lsv/(c-V). (27)
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Fig. 6: Geometry for Transverse Relative Time Shift when
observer is on signal path at zoc, -v, and v < c.

The introduction of the negative sign in - (7°¢) indicates
the spherical signal is moving from right to left. Solving
(27) the happy observer measures ¢’ = 1.6077s, and the
ratio t%ro = 0.5359 when ¢ = 3x108 m/s, Ls = 7o = 3.000s
and —v with magnitude v = ?c.

It is interesting to note that on the death signal light cone
and on the signal center path there are general real solutions
where the observer can measure a difference in time
between the received birth and death signal. The next
section explores the geometry for v = c.

IV. GEOMETRY FORV =C

A. Oberver perpendicular to signal path at z'c and v=c.

From geometry in Figure 7, when v=c, locating the
stationary happy observer on the death signal at ' and
perpendicular to the signal center allows the observer to see
the signal. The birth signal (blue) is emitted when t=0s. The
death signal (red) is emitted when Ls = 3s (t=3s). The
happy observer using (17a) sees the birth signal when



7o = 6.5s. The happy observation time interval ds begins
when t = 6.5s and ends when it receives the death signal
7' = 6s (t=9s). The happy observer using (13) measures
ds = 2.5s. The ratio z'/zo = 0.9231. The ratio ds/Ls = 0.8333.
The neutral (®) positioned perpendicular to t = 3s will not
observe the death signal when v = c. The sad observer (®)
positioned perpendicular to or left of t = 0s will not observe
the birth or death signal moving with (+v).

(17a) is undefined when v = c. To calculate the approximate
value of tin (17a) +v was set to 0.999995¢ and -v was set
to -1.000005c. On the death signal light cone (16a) (17a)
provide approximate values for ¢’ and zo when v is near c.
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Fig. 7: Geometry for Transverse Relative Time Shift when
observer is perpendicular to signal path at z'c and v = c.

From geometry in Figure 7 with zoc and the observer rotated
upward toward the signal axis will cause the relocated
observer to detect the z'c signal sooner, which moves the
red circle to the left and reduces its radius. This scheme for
relocating the observer will allow for the calculation of zo
when v = ¢. The geometry, equations, and steps to calculate
the location of the relocated observer who is not plagued by
the divide by zero when v = c is in Section V.

B. Oberver on signal path at zoc and v=c.

Now locate the happy observer within the death signal light
cone on the signal source path where t = 6s.

From geometry (Figure 8) and solving (21) the happy
observer measures =’ = 1.5s, and the ratio %o = 0.5 when
¢ = 3x10% m/s, Ls = 7o = 3s and v = c¢. The next section
explores the geometry for v = 2c.
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I':ig. 8: Geometry for Transverse Relative Time Shift when
observer is on signal path at zoc and v = c.

V. GEOMETRY FORV =2C PLUS

A. Oberver perpendicular to signal path at z’c and v=2c.

From geometry in Figure 9, when v=2c, locating the
stationary happy observer on the death signal at =’ and
perpendicular to the signal center allows the observer to see
the signal.
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Fig. 9: Geometry for Transverse Relative Time Shift when
observer is perpendicular to signal path at z’c and v = 2c.

The birth signal (blue) is emitted when t=0s. The death
signal (red) is emitted when Ls = 3s (t=3s). The happy
observer using (17a) sees the birth signal when 7o =
7.1010s. The observation time interval ds begins when t =
7.1010s and ends when the observer receives the death
signal ' = 6s (t=9s). The happy observer using (13)
measures ds = 1.8990s. The ratio 7"/zo = 0.8449. The ratio
ds/Ls = 0.6330.



The neutral observer (©) positioned between the birth and
death light cones will not observe the death signal when
v = 2¢. The sad observer (®) positioned perpendicular to
or left (+v, +c) of t = 0s will not observe the birth or death
signal.

B. Oberver on signal path at zoc and v=2c.

Now locate the happy observer within the death signal light
cone on the signal source path where t = 4.5s from
geometry (Figure 10) and solving (21) the happy observer
measures z' = 1.0s, and the ratio z'/z0 = 0.3333 when ¢ =
3x108 m/s, Ls = 7o = 3.000s and v = 2c.
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#ig. 10: Geometry for Transverse Relative Time Shift when
observer is on signal path at zoc and v = 2c.

There are general real solutions where the observer can
measure a difference in time between the received birth and
death signal when positioned on the death signal light cone
or in the death signal light cone on the signal center path.
In the next section the results for v = 10c and 100c are
explored.

C. Results for signal with v=10c and v=100c.

When v = 10c, Ls = 3s, and 7’ = 6s (17a) gives 70=8.4106s.
t'/10=0.7134. When v=-10c, Ls = 3s, and =’ =6s (17b) also
yields 7o = 8.4106s and ="/7o = 0.7134.

When v =100c, Ls=3s, and t' = 6s (17a) gives 70=8.9338s.
7'/70 = 0.6716. When v = -100c, Ls = 3s, and 7’ =6s (17b)
also yields 7o = 8.9338s and 7"/z0 = 0.6716.

Figure 11 is a plot of ds/Ls and z'/z0 for signal moving with

velocities from +v = ?c to +v = 100c when Ls = 3s, and

T' = 6s.
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Fig. 11: Plot of ds/Ls and =70 for signal moving with

velocities from +v = ?c to +v = 100c when observer is

perpendicular to signal path at z'c and Ls = 3s, and t' = 6s.

V1. FINDING LOCATION OF OBSERVER USING HERON’S
FORMULA AND EQUATIONS FOR TWO INTERSECTING
CIRCLES

A. Oberver on death signal light cone when v =c.

The triangle formed in Figure 12 by the centers of the birth
signal B, death signal A and the location of the happy
observer (E) form the area K (28) from Heron’s formula [2]
when v = c. Where rs is the radius of the birth signal seen
by the happy observer, ra is the radius of the death signal
seen by the happy observer, and d (23) is the distance
between the centers of the two circles. The center of the
birth signal B has the coordinate (Xg, Yg). The center of the
death signal A has the coordinate (Xa, Ya). In [2] the
distance d along the line from A to B is considered
“positive”. In this work the signal source travels from B to
A, left to right, for +v. The signal travels from B to A, right
to left, for —v. The birth signal is given at (t=0s) and is
coincident with the coordinate origin traveling with +v or -
V.

K =(3)J(Ga+rpZ—dDd—(rg—rp)?) (28)

d2 = (Xp— X2+ (Yp —Yy)?2 (29)

d=yXg—Xp*+({Yp—-Yy* (30)

Two solutions for the happy observer(s) located at
intersecting circles are in (31) and (32).
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Linch = time in-seconds Ze— |~

1 2 2
Xp=(2)Xp+xp+ (E)O{—B”{f;)zw+ 2(vp - Y Ok/d? (31a)

1 2 2
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(32b)
From geometry (Figure 12)

ra=t'c (33)
s = 70C (34)
B = (Xg, Yg) = (rov, 0) (35)
A= (Xa, Ya) = (Lv + 7', 0). (36)

When +v = gc using [28]-[36]
F = (Xr, Yr) = (2.3383x10% 1.8000x10%) m (31a, 32a)

E = (Xg, Ye) = (2.3383x10°, -1.8000x10%) m. (31b, 32b)

When —v = (—-1) gc using [28]-[36] in Figure 12
F = (Xr, YF) = (-2.3383x10° -1.8000x10°) m (31a, 32a)
E = (Xg, YE) = (-2.3383x10°, 1.8000x10% m. (31b, 32b)

Time (t) is positive and increased from the birth signal to
the death signal. A negative velocity (-v) yields a negative
distance (-vt) from the coordinate origin.

The origin marks the position and time of the birth signal
and also where all clocks register (t=0s) for reference
purposes. (t=0s) does not imply that there is such a thing as
negative time. Negative time is not a real thing. Processes
happen from one event to the next event with increasing
time.

B. Oberver inside death signal light cone when v=c.

The observer on the death signal light cone in Figure 12
cannot use (17a) to solve for zo when v = ¢. Figure 13 shows
the geometry for the relocated observers E and F inside the
death signal light cone.
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Fig. 13: Happy observer inside death signal light cone at
coordinates E and F using Heron’s formula for K and
equations for two intersecting circles [2] when v =c.

The following steps show how to calculate the position of
E and F inside the death signal light cone, see Figure 13.

Step 1 — Solve (29) for d? (3.6000x10'm?) with center of
death signal source at A when ' = 5.55 (t=8.5s). Now
calculate 7'v = r'c = +1.65x10°m when v = c.

Step 2 — Solve (28) for K (4.6111x10*'m?).
Step 3 — Solve (31) and (32) for E and F
E = (3.1500x10%, -1.5370x10°%) m

F = (3.1500x10°, -1.5370x10°%) m.

Step 4 — From geometry (Figure 13)

Xe=Lsv+1v+AX (37)
AX = Xg - (Lsv + T'v) (38)
AX? = (Xg - (LsV + 1'v))? (39)

(t'c)? = AX? + (Yg)? (40)



(toc)? = (dsv + AX)2 + (YE)? (41)
tan(0) = Ye/AX (42)
0 =tan’}(Ye/AX) (43)
d=11-© (44)
cos(¢) = cos(I] - ©). (45)

From law of cosines
(t0€)? =(dsV)?+(t'c)?-2(dsv)(t'c)cos([T-tan (Ye/AX)). (46)
From geometry (Figure 13)

tan(y) = Ye/(dsv+AX) (47)
P = tan (Ye/(dsv+AX)) (48)
E=11-W (49)

cos(§) = cos([] - V). (50)

From law of cosines

(€*)? =(zov)?+( 7oc)2-2(rov)( 7oc)cos([T-tan (Y e/(dsv+AX))).

(51)

Now similar to [1] find ¢’
(€”)? =( Tov+dsv+AX)? + (YE)? (52)
¢ =./(zgv +dsv+ AX)? + (YE4) . (53)

C. Keplers Law of equal areas with oberver inside death
signal light cone when v=c.

From geometry in Figure 14, Heron’s Formula (28)
provides the areas Ki (blue triangle) (54) and Kz (green
triangle) (55) swept out by the signal source in time T1 (56)
and T2 (57), traveling with velocity v and the happy
observer located at the focus of signal source path. The ratio
K/T (58) is a constant when v is constant.

Whenv=c
K =(3) (g + g2 = dD ([ = (rg—rp)?) (28)

Ky (ra, rs, d) = Ky (zoc, ¢', ov) = 1.4986x10'8 (m?) (54)

Kz (ra, 18, d) = Kz (z'c, Toc, dsv) = 4.6111x10Y7 (m?) (55)
T1 = 70=6.5000 () (56)

T, =ds=2.000 (s) (57)

Ku/T1 = Ko/ T2 = 2.3056x107 (m?/s).  (58)

Now there is one more area K3 with its associated T3 that
needs to be considered. From geometry, in Figure 15, the
area of a general triangle [4] K3 (59) is

Ks = (1/2)(Base)(Height). (59)

The base is AX, the height is Ye substituting into (59) gives
the desired Ks (60). Now T3 is found using (61) and Kas/Ts
using (62).
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Flg 14: Kepler’s Law of equal areas with observer inside
death signal light cone when v =c.

Ks = (1/2) AX Ye (m?) (60)
Ta=AX N (S) (61)
Ka/Tz = (1/2) Yev (m?/s) (62)
K3/T3 2 3056x1017 (m2/s) (63)
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The geometry with K/T is similar to that of orbits of planets
and satellites with focus at the observer. The orbit, ellipse,
or straight line if you prefer is an open orbit with
eccentricity, e >>1 (very large).

The signal source S is analogous to the orbiting satellite
moving with velocity v. The birth and death signals Wo
communicate or carry energy to the observer. S, Wo, and the
Observer have zero mass. S travels in a straight line with
constant velocity.

The Appendix A contains tables with calculations from
equations and variable values referenced in this work.
Appendix B contains larger versions of the Figures.

VI11.PROPOSE METHOD TO CALCULATE OBSERVED
TRANSVERSE RELATIVE LENGTH FOR OBJECTS
TRAVELING UP TO AND BEYOND C

From geometry in Figure 16 the distance L (64) between the
birth and death signals is 7.7942x108m.

L= Lgv (64)
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Fig. 16: Observer measures transverse relative length of rod

L when birth and death signals are emitted at t = 0s and v <
C.

1inch = time in seconds ¢~

If this distance were a rod, the birth signal (blue) and death

signal (red) were both emitted when t=0s and v = gc the

happy observer at location E would see the death signal first
when t = 6.0000s (z") and the birth signal when t = 6.4066s
(70). The difference in time Az =0.4066s (65) multiplied by

the velocity v of the rod when v = gc yields the transverse

relative length (66) L(E) = 1.0563x10®m measured by the
happy observer at E. The ratio of the transverse relative
length I divided by the distance measured between birth

10

and death signal locations L(E) is I g (67) is 0.1355 as seen
by the happy observer at location E.

At =19 — T (65)
L(E) = Atv (66)
lg = L(E)/L (67)

VIII. OBSERVATIONS

Using geometry for constant velocities, up to and exceeding
the speed of light ¢, in Euclidean space it is shown that
locating the observer downstream from the moving death
signal on the signal light cone or on the signal path provides
the opportunity to observe both 7', 7o and find z"/z0. Also, a
method for the fixed observer to calculate transverse
relative length I is proposed. It is also show that signals
advance ahead of the moving source maintaining the source
as the signal center when the source is in constant linear
velocity. A constant distance (m) between signals was not
used for comparison for hyper velocities of v. This might
yield some interesting results.
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Appendix A.1-Table 1: Calculated coordinates for W, for selected © whent=3s,v =0

m/s.
Wy (meters) Wo(X) = Wol(Y) =
Angle © t=3s Wocos(© )| Wosin(6)
Observer | (Radians) |[X=cos(©)| Y=sin(0©) r=T1oC © (Radians) (m) (m)
Observer 1 0 1.0000 0.0000 9.000E+08 0 9.000E+08 | 0.000E+00
(/8171 0.7071 0.7071 9.000E+08 (/4171 6.364E+08 | 6.364E+08
Observer 3 (2/2)11 0.0000 1.0000 9.000E+08 (a/2)11 0.000E+00 | 9.000E+08
(3/4)11 -0.7071 0.7071 9.000E+08 (3/411 -6.364E+08| 6.364E+08
Observer 2 T -1.0000 0.0000 9.000E+08 1T -9.000E+08| 0.000E+00
(5/4)11 -0.7071 -0.7071 9.000E+08 (5/4)T1 -6.364E+08| -6.364E+08
Observer 4 (3/2)11 0.0000 -1.0000 9.000E+08 (3/2)T1 0.000E+00 | -9.000E+08
(7/411 0.7071 -0.7071 9.000E+08 (7/8)T1 6.364E+08 | -6.364E+08

Appendix A.2 - Table 2: Coordinates Wo (X,Y) for Observers 1,2,3, and 4 when S has
velocity vs = ¢ m/s.

WO (Y)
s(v) (m) W, (X) W, (Y)
Angle © on X-axis t=3s e =(tovstToc)cos(O) | =(tqc)sin(©)
Observer | (Radians) [X=cos(©)| Y=sin(©) c(m/s) v(m/s) T (s) v (m) r=1,¢ |(Radians) (m) (m)

Observer 1 0 1.0000 0.0000 3.000E+08 3.000E+08 3.0000 9.000E+08 [9.000E+08 0 1.800E+09 0.000E+00

(1/4) T 0.7071 0.7071 3.000E+08 3.000E+08 3.0000 9.000E+08 |9.000E+08| (1/4) 1T 1.536E+09 6.364E+08
Observer 3 (1/2) 1T 0.0000 1.0000 3.000E+08 3.000E+08 3.0000 9.000E+08 |9.000E+08| (1/2) 1T 9.000E+08 9.000E+08

/41 | 07071 | 07071 | 3000E+08 | 3.000E+08 | 3.0000 | 9.000E+08 |9.000E+08| (3/4)TT 2.636E+08 6.354E+08
Observer 2 T -1.0000 0.0000 3.000E+08 3.000E+08 3.0000 9.000E+08 | 9.000E+08 T 0.000E+00 0.000E+00

(S/8)T] | -0.707L | -0.7071 | 3000E+08 | 3000E+08 | 3.0000 | 9.000E+08 |9.000E+08| (5/4)T1 2.636E408 -6.364E408
Observer4 | (3/2)T] | 0.0000 | -1.0000 | 3000E+08 | 3.000E+08 | 3.0000 | 9.000E+08 |9.000E+08| (3/2)T] 9.000E408 -9.000E+08

(7/911 0.7071 -0.7071 3.000E+08 3.000E+08 3.0000 9.000E+08 |9.000E+08| (7/8)TT 1.536E+09 -6.364E+08

Appendix A.3 - Table 3: Coordinates Wo (X,Y) for Observers 1,2,3, and 4 when S has
velocity vs = -c m/s.

wo (Y)
S(v) (m) wo(x) wo(y)
Angle © on X-axis t=3s =(tovs+toc)cos(® ) [ =(toc)sin(O )
Observer | (Radians) (X = cos(6 )|Y =sin(6)| ¢ (m/s) vy(m/s) T (s) TV, (m) r=TC (m) (m)
Observer 1 0 1.0000 0.0000 | 3.000E+08 |-3.000E+08| 3.0000 -9.000E+08 | 9.000E+08 0.000E+00 0.000E+00
(1/8)TT 0.7071 0.7071 | 3.000E+08 [-3.000E+08 3.0000 -9.000E+08 | 9.000E+08 -2.636E+08 6.364E+08
Observer 3| (1/2)TT 0.0000 1.0000 | 3.000E+08 [-3.000E+08 3.0000 -9.000E+08 | 9.000E+08 -9.000E+08 9.000E+08
(3/4)T1 -0.7071 0.7071 | 3.000E+08 [-3.000E+08[ 3.0000 -9.000E+08 | 9.000E+08 -1.536E+09 6.364E+08
Observer 2 T -1.0000 0.0000 | 3.000E+08 [-3.000E+08 3.0000 -9.000E+08 | 9.000E+08 -1.800E+09 0.000E+00
(5/4)T1 -0.7071 -0.7071 | 3.000E+08 |-3.000E+08 3.0000 -9.000E+08 | 9.000E+08 -1.536E+09 -6.364E+08
Observer 4| (3/2)T] 0.0000 -1.0000 | 3.000E+08 |-3.000E+08 3.0000 -9.000E+08 | 9.000E+08 -9.000E+08 -9.000E+08
(7/0T1 0.7071 -0.7071 | 3.000E+08 |-3.000E+08 3.0000 -9.000E+08 | 9.000E+08 -2.636E+08 -6.364E+08
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Appendix A.1: Transvers relative time shift (+v) when observer is inside death signal
light cone.

Variable v<c units v=c units2 v=2c units3| v=10c [|units4| v=100c |units5
V= 2.5981E+08|m/s | 3.0000E+08|m/s 6.0000E+08|m/s 3.0000E+09|m/s 3.0000E+10|m/s
c= 3.0000E+08|m/s | 3.0000E+08[m/s | 3.0000E+08|m/s 3.0000E+08|m/s 3.0000E+08|m/s
v/c = 0.8660 1.0000 2.0000 10.0000 100.0000
T= 6.4066(s 6.5000(s 7.1010(s 8.4106|s 8.9338]s
L= 3.0000|s 3.0000[s 3.0000(s 3.0000[s 3.0000|s
L= Ly (39) (52) 7.7942E+08|m 9.0000E+08|m 1.8000E+09|m 9.0000E+09|m 9.0000E+10|m
V= 1.6645E+409|m | 1.9500E+09|m 4.2606E+09|m 2.5232E+10|m 2.6801E+11|m
= 5.5000[s 5.5000(s 5.5000]s 5.7000]s 5.9700(s
Ty = 1.42896+09|m | 1.6500E+09|m 3.3000E+09]m 1.7100E+10[m 1.7910E+11[m
dyv= Ly +1v- 1oV (5) 5.4388E+08|m | 6.0000E+08|m 8.3940E+08|m 8.6818E+08|m 1.0857E+09|m
(dV)? = 2.9581€+17|m” | 3.6000E+417|m° | 7.0459E+17|m’ | 7.5373E+17|m’ | 1.1788E+18|m’
(e = 2.7225E+18|m? | 2.7225E+18|m’ 2.7225E+18|m?” 2.9241E+18|m’ 3.2077E+18[m?
(10)? = 3.6940E+18|m” | 3.8025E+18|m° | 4.53826+18|m” | 6.3664E+18|m> | 7.1832E+18|m’
dq = (dev)/V (6) 2.0934|s 2.0000(s 1.3990(s 0.2894]s 0.0362]s
dy/L= 0.6978 0.6667 0.4663 0.0965 0.0121
T/to= 0.8585 0.8462 0.7745 0.6777 0.6682
T-T = 0.9066|s 1.0000(s 1.6010]s 2.7106|s 2.9638|s
Xg = Tov (35) 1.66456+409|m | 1.9500E+09|m 4.2606E+09|m 2.5232E+10|m 2.6801E+11|m
Xa = Lyv+T'v (36) 2.2084E+09|m 2.5500E+09|m 5.1000E+09|m 2.6100E+10|m 2.6910E+11|m
Yg = (35) 0.0000|m 0.0000|m 0.0000|m 0.0000|m 0.0000|m
Ya= (36) 0.0000[m 0.0000|m 0.0000|m 0.0000[m 0.0000[m
d> = (29) 2.9581E+17|m” | 3.6000E+17|m’ 7.0459E+17|m? 7.5373E+17|m’ 1.1788E+18|m’
ra=Tc=((t'c))? (33) 1.6500E+09[m | 1.6500E+09|m 1.6500E+09|m 1.7100E+09|m 1.7910E+09|m
fa = To€ = (1)) 2(34) 1.9220E+09|m | 1.9500E+09|m 2.13036+09|m 2.5232E+09|m 2.6801E+09|m
K = (28) 4,1569E+17|m’> | 4.6111E+17|m? 6.3435E+17|m? 3.1496E+17|m? 6.7566E+17|m?
X; = (31a) 2.8295E+09|m | 3.1500E+09|m 5.7618E+09|m 2.7648E+10|m 2.7039E+11|m
Xe= (31b) 2.8295E+09|m | 3.1500E+09|m 5.7618E+09|m 2.7648E+10|m 2.7039E+11|m
Y = (32a) 1.5286E+09{m | 1.5370E+09|m 1.5114E+09|m 7.2558E+08|m 1.2446E+09|m
Y = (32b) -1.5286E+09|m  |-15370E+09|m  |-15114E+09\m  [-7.2558E+08[m  |-1.2446E+09|m
To= (o)) 1.6500E+09|m | 1.6500E+09|m 1.6500E+09|m 1.7100E+09|m 1.7910E+09|m
At=1o-7 (65) 0.9066(s 1.0000s 1.6010[s 2.7106]s 2.9638]s
L(E)= Bt v(66) 2.3554E+08|m | 3.0000E+08|m 9.6060E-+08m 8.1318E+09|m 8.8914E+10|m
L(E)/L= (67) 0.3022 03333 05337 0.9035 0.9879
DX = Xg - (Lv + T'V) (38) 6.2118E+08|m | 6.0000E+08|m 6.6183E+08|m 1.5484E+09|m 1.2879E+09|m
AX= (XE - (Lsv + T'v))? (39) 3.8587E+17|m> | 3.6000E+17|m? 4,3802E+17|m? 2.3976E+18|m? 1.6587E+18|m?
Y= 2.3366E+18|m”> | 2.36256+18|m> | 2.2845E+18|m”> | 5.2646E+17|m” | 1.5490E+18|m’
(T'c)® = AX® + Vg2 (40) 2.7225E+18|m” | 2.7225E+18|m> | 2.7225E+18|m”> | 2.9241E+18|m*> | 3.2077E+18|m’
(16€)> = (d sV +AX)® + Yg2 (41) | 3.6940E+18|m” | 3.8025E+18|m” | 4.5382e+18|m> | 6.3664E+18|m° | 7.1832E+18|m’
(toc)” = (46) 3.6940E+18|m” | 3.80256+18|m° | 4.53826+18|m” | 6.3664E+18|m” | 7.1832E+18|m’
(c’)?=(51) 1.0343E+19|m? | 1.2285E+19|m? 3.5483E+19|m? 7.6496E+20|m? 7.3111E+22|m?
(€)= (52) 1.0343E+19|m2 | 1.2285E+19|m2 | 3.5483e+19|m2 | 7.6496E+20{m2 | 7.3111E+22|m2
¢’ = (53) 3.2160E+09)m | 3.5050E+09]m 5.9568E+09|m 2.7658E+10|m 2.7039€+11|m
v = 2.5981+08 mvs | 3.0000e+08] mVs | 6.0000e+08] mvs | 3.0000e+09] mvs | 3.0000E+10] nvs
K, = (55) 4.1569E+17| N7 4.6111E+17| n | 6.3435E+17| M | 3.1496E+17| M | 6.7566E+17| NV
K. = (54) 127228418 N | 1.4986E+18| NT | 3.2198F+18| NP | 9.1538+18| NP | 1.6678E+20] M’
K3 = (1/2)AXYE = (60) 4.74776417) ™ | 4.61116+17| NP | 5.0016E+417| NT | 5.61756+417| MY | 8.0145E+17| NP
T, = dy (57) 2.0934E+00| s | 2.0000E+00| S | 1.3990E+00| S | 2.8939E-01] S | 3.6192E-02 s
T, = 1, (56) 6.4066E+00| S | 6.5000E+00| s | 7.1010E+00| S | 8.4106E+00 s | 8.9338E+00| s
Ty = AXAV (61) 23909 s 2.0000| s 1.1031] s 05161 s 0.0429| s
Ry = (T'c + 1o0)/2 1.7860E+09| m | 1.8000E+09] m | 1.8902E+09| m | 2.1166E+09] m | 2.2356E+09] m
Ry = (¢’ +1oC)2 1.6080E+09| m | 1.7525E+09] m | 2.9784E+09| m [ 1.3829E+10| m | 1.3520E+11| m
K/, = (58) 1.9857E+17| /s | 2.3056E+17| M’/s | 4.5343e+17| /s | 1.0884E+18| NT/s | 1.8669E+19| NT/s
K4/T; = (58) 1.9857E+17| M’/s | 2.3056E+17| NT/s | 4.53436+17| NP/s | 1.0884E+18| M/s | 1.8669E+19| M’/s
Ks/Ts = (1/2)Yev (62) 1.9857E+17| /s | 2.3056E+17| NP/s | 4.5343€+17| NP/s | 1.0884E+18| M/s | 1.8669E+19| M/s
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Appendix A.2: Transvers relative time shift (-v) when observer is inside death signal
light cone.

Variable v<c units v=c |unitsz v=2c |unit53 v=10c |units4| v=100c |units5
V= -2.5981E+08|m/s | -3.0000E+08|m/s -6.0000E+08|m/s -3.0000E+09[m/s _[-3.0000E+10|m/s
c= 3.0000E+08|m/s | 3.0000E+08|m/s 3.0000E+08|m/s 3.0000E+08|m/s 3.0000E+08|m/s
v/c= -0.8660 -1.0000 -2.0000 -10.0000) -100.0000
= 6.4066|s 6.5000|s 7.1010[s 8.4106|s 8.9338[s
L= 3.0000[s 3.0000[s 3.0000(s 3.0000(s 3.0000(s
L= Ly (39) (52) -7.7942E+08|m  |-9.0000E+08[m  [-1.8000E+09|m  [-9.0000E+09|m  |-9.0000E+10|m
V= -1.6645E+09\m  |-1.9500E+09(m  [-4.2606E+09|m  [-2.5232E+10|m  |-2.6801E+11|m
U= 5.5000]s 5.5000(s 5.5000]s 5.7000]s 5.9700]s
Tv= -1.4289E+09)m  [-1.6500E+09|m  [-3.3000e+09]m  [-1.7200e+10[m  [-1.7910E+11]m
dyv = Ly + T'v - oV (5) -5.4388E+08|m  |-6.0000E+08[m  [-8.3940E+08|m  [-8.6818E+08|m  |-1.0857E+09|m
dwv)’ = 2.9581E+17|m> | 3.6000E+17|m* | 7.0459E+17[m”> | 7.5373E+17|m’ | 1.1788E+18|m’
(ve)f’ = 2.7225E+18|m* | 2.7225E+18|m? 2.7225E+18|m?> 2.9241E+18|m* 3.2077E+18|m?
(10)? = 3.6940E+18|m’ | 3.8025E+18|m” | 4.5382E+18[m”> | 6.3664E+18|m° | 7.1832E+18|m’
dq = (dV)Iv (6) 2.0934|s 2.0000(s 1.3990|s 0.2894|s 0.0362|s
dy/L= 0.6978] 0.6667 0.4663 0.0965 0.0121
T/to= 0.8585 0.8462 0.7745 0.6777 0.6682
T-T = 0.9066(s 1.0000(s 1.6010s 2.7106|s 2.9638|s
Xg = Tov (35) -1.6645E+09|m  |-1.9500E+09|m  [-4.2606E+09|m  [-2.5232E+10|m  |-2.6801E+11|m
Xa = Lyv+1'v(36) -2.2084E+09|m -2.5500E+09|m -5.1000E+09|m -2.6100E+10|m -2.6910E+11|m
Yg = (35) 0.0000|m 0.0000|m 0.0000|m 0.0000|m 0.0000|m
Ya= (36) 0.0000|m 0.0000|m 0.0000|m 0.0000|m 0.0000|m
d* = (29) 2.9581E+17|m* | 3.6000E+17|m? 7.0459E+17|m? 7.5373E+17|m? 1.1788E+18|m>
ra=Tc=((te)))?(33) 1.6500E+409|m | 1.6500E+09[m 1.6500E+09|m 1.7100E+09|m 1.7910E+09|m
ra = Toc = ((100)2)*%(34) 1.9220E+09|m | 1.9500E+09|m 2.1303E+09|m 2.5232E400|m 2.6801E+09|m
K = (28) 4,1569E+17|m* | 4.6111E+17|m’ 6.3435E+17|m’ 3.1496E+17|m’ 6.7566E+17|m”
X = (31a) -2.8205E+09|m  |-3.1500E+09|m  |-5.7618E+09|m  [-2.7648E+10|m  |-2.7039E+11|m
Xe= (31b) -2.8295E+09|m -3.1500E+09|m -5.7618E+09|m -2.7648E+10|m -2.7039E+11|m
Y = (32a) -1.5286E+09|m  |-1.5370E+09m  [-1.5114E+09|m  [-7.2558F+08|m  |-1.2446E+09|m
Y = (32b) 1.5286E+09|m | 1.5370E+09|m 1.5114E+09|m 7.2558E+08|m 1.2446E+09|m
To = (To))? 1.6500E+09|m | 1.6500E+09|m 1.6500E+09|m 1.7100E+09|m 1.7910E+09|m
At=1-7 (65) 0.9066(s 1.0000s 1.6010[s 2.7106[s 2.9638[s
L(E)= At v (66) -2.3554E+08|m  |-3.0000£+08|m  [-9.6060E+08]m  [-8.1318F+09]m  |-8.8914E+10|m
L(E)/L= (67) 0.3022 0.3333 05337 0.9035 0.9879
DX = Xe - (Lyv +T'V) (38) -6.2118E+08|m  |-6.0000E+08[m  |-6.6183E+08|m  [-1.5484E+09|m  |-1.2879E+09|m
AX= (XE - (Lsv + T'v))? (39) 3.8587E+17|m”> | 3.6000E+17|m? 4.3802E+17|m? 2.3976E+18|m”? 1.6587E+18|m?
Y= 2.3366E+18|m” | 2.3625E+18|m° | 2.2845E+18[m” | 5.2646E+17|m° | 1.5490E+18|m’
(t'c)? = AX* + Y (40) 2.72256+418|m° | 2.7225e+18|m* | 2.7225e+18[m* | 2.9241€418|/m* | 3.2077€+18|m’
(19€)? = (d v +AX)? + Ye2 (41) | 3.6940E+18|m° | 3.8025E+18|m° | 4.5382E+18|m> | 6.3664E+18|m” | 7.1832E+18|m’
(toc)? = (46) 2.3426E+18|m> | 2.3625E+18|m*> | 2.3160E+18|m> | 9.8921E+17|m’ 1.5899E+18|m”
(¢’ =(51) 2.5860E+18|m® | 2.9250E+18|m> 9.8986E+18|m’ 5.2106E+20|m’ 7.0566E+22|m’
(c’)?*=(52) 1.0343E+19|m2 | 1.2285E+19[m2 3.5483E+19|m2 7.6496E+20|m2 7.3111E+22|m2
¢’ =(53) 3.2160E+09m | 3.5050E+09m 5.9568E+09]m 2.7658E+10]m 2.7039E+11[m
v = -2.59816+08| ms |-3.0000e+08] mvs |-6.0000e+08] mvs [-3.0000e+09] mvs [-3.0000e+10] nvs
K, = (55) 4.1569E+17| M’ | 4.6111E+417| M | 6.3435E+17| NV | 3.1496E+17| M | 6.7566E+17| M
Ky = (54) 127228418 NP | 1.4986E+18( M’ | 3.2198E+18| M’ | 9.1538E+18| NT | 1.6678E+20] NY
Ks = (1/2)AXYE = (60) 4.74776+17| ™ | 4.6111E+417| M | 5.0016E+17| NV | 5.61756+417| M’ | 8.01456+417| M
T, = d; (57) 2.0934E+00 s | 2.0000e+00| s | 1.3990E+00| s | 2.8939E-01| s | 3.61926-02| s
T, = 1, (56) 6.4066E+00| S | 6.5000E+00| s | 7.1010E+00| s | 8.4106E+00| S | 8.9338E+00| s
Ty = AXWV (61) 23909| s 2.0000| s 11031 s 05161 s 0.0429| s
Ry = (t'c + 1oC)/2 1.7860E+09| m | 1.8000E+09| m | 1.8902E+09] m | 2.1166E+09] m | 2.2356E+09| m
Ry = (¢ + 14C)/2 1.6080E+09] m | 1.7525E+00| m | 2.9784E+09| m | 1.3829E+10] m | 1.3520+11] m
K/, = (58) 1.9857€6+17| NT/s | 2.3056E+17| M’/s | 4.5343E+17| MP/s | 1.0884E+18| NT/s | 1.8669E+19| MP/s
K4/T; = (58) 1.9857E+17| NT/s | 2.3056E+17| NMP/s | 4.5343e+17| M/s | 1.0884E+18| M’/s | 1.8669E+19| M/s
Ky/Ts = (1/2)Yev (62) 1.9857E+17| /s | 2.3056€+17| /s | 4.53436417] /s | 1.0884E+18] /s | 1.8669E+10] M/
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Appendix A.3: Transvers relative time shift (+v) when observer is on signal path.

V= 2.5981E+08|m/s 3.0000E+08|m/s 6.0000E+08|m/s 3.0000E+09|m/s 3.0000E+10{m/s
c= 3.0000E+08|m/s 3.0000E+08|m/s 3.0000E+08|m/s 3.0000E+08|m/s 3.0000E+08|m/s
v/c= 0.8660 1.0000 2.0000 10.0000 100.0000
T = 3.0000|s 3.0000|s 3.0000|s 3.0000|s 3.0000|s
L= 3.0000|s 3.0000(s 3.0000|s 3.0000|s 3.0000|s
Lyv= 7.7942E+08|m 9.0000E+08|m 1.8000E+09(m 9.0000E+09|m 9.0000E+10|m
TV = 7.7942E+08(m 9.0000E+08|m 1.8000E+09|m 9.0000E+09|{m 9.0000E+10{m
T =(21) 1.6077|s 1.5000(s 1.0000|s 0.2727|s 0.0297|s
T'v= 4.1769E+08m 4.5000E+08|m 6.0000E+08|m 8.1818E+08|m 8.9109E+08|m
/1= 0.5359 0.5000 0.3333 0.0909 0.0099
-1 = 1.3923|s 1.5000(s 2.0000|s 2.7273|s 2.9703|s

Appendix A.4: Transvers relative time shift (-v) when observer is on signal path.

= -2.5981E+08|m/s -3.0000E+08|m/s -6.0000E+08|m/s -3.0000E+09|m/s -3.0000E+10|m/s
c= 3.0000E+08|m/s 3.0000E+08[m/s 3.0000E+08|m/s 3.0000E+08[m/s 3.0000E+08[m/s
v/c = -0.8660 -1.0000 -2.0000 -10.0000 -100.0000
T = 3.0000(s 3.0000(s 3.0000(s 3.0000(s 3.0000(s
= 3.0000(s 3.0000(s 3.0000(s 3.0000]s 3.0000|s
Lyv= -7.7942E+08(m -9.0000E+08|m -1.8000E+09(m -9.0000E+09|m -9.0000E+10{m
TV = -7.7942E+08(m -9.0000E+08|m -1.8000E+09(m -9.0000E+09(m -9.0000E+10{m
T =(27) 1.6077|s 1.5000|s 1.0000|s 0.2727|s 0.0297|s
T'v = -4.1769E+08|m -4.5000E+08|m -6.0000E+08|m -8.1818E+08|m -8.9109E+08|m
/1= 0.5359 0.5000 0.3333 0.0909 0.0099
T-T = 1.3923(s 1.5000(s 2.0000(s 2.7273(s 2.9703(s
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Appendix B.1 - Fig. 1: Geometry to calculate signal position when S has velocity v=10
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Appendix B.2 - Fig. 2: Geometry to calculate signal position when S has velocity v =
cm/s.
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Appendix B.3 - Fig. 3: Transverse Relative Time Shift.
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Appendix B.4 — Fig. 4: Geometry for Transverse Relative Time Shift when observer is
perpendicular to signal path at z'c and v < c.

'"é':.|.I.|.|T|1.I.|.|.|.I.|.|P|.I.|.|.|.I.|.|.l|.I.|.|.|.I.|.H.I.|.|.|.I.|.H.I.|.|.|.I.|.|ﬁ.|.|.|.|.I.|.|ﬁ.I.|.|.|.I.|.|F|.I.|.|.|.I.|.|-.’|.I.|.|.|.I.|.|ﬁ.I.|.|.|.I.|.|T"|.I.|.|.|.I.|.|.l|?|.|.|.|.I.|.|.]'|J.'l.|.|.|.I.|.|.]T.2|.|.|.|.I.|.|.1T?l.|.|.|.l.|.|.1'|?].|.|.|.I.|.|.]ﬁ.|.|.|.l
__———_'_T__———__

E

T Wignal ligﬁﬁxcgne
1 Death s@ml\light cone
N

———

@7 Death si light coné

1 inch Wconds?{t—“iﬁ—‘?f
.H__H___h—_ 1““.‘2 _'_—-'—_:_‘. _
el “et— Birth igual’ﬁght cone
ol _r::q_f

— g -

18



Appendix B.5 — Fig. 5: Geometry for Transverse Relative Time Shift when observer is
on signal path at zoc and v < c.

T T T R R T A T T e C o e T T O e e T T T - T E T

- f_;)< Bﬁi\ﬁg{lal light cone

- R Death signal light cone

— N N

g _Tov + ToC = Lsv+ T'v+ T'c
>

To(v+c)=Lv+T(v+0)

\T' = (to(v+¢) - Lsv) /(v + c)\

T =170-Lsv/(V+ )

' \ ‘ | _ :74 Death signéf light cone
linch = time\m&wﬂm_ NI =
1 o - Wgnal light cone

19



Appendix B.6 — Fig. 6: Geometry for Transverse Relative Time Shift when observer is
on signal path at 10c, -v, and v < .
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Appendix B.7 — Fig. 7: Geometry for Transverse Relative Time Shift when observer is
perpendicular to signal path at z’c and v = c.
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Appendix B.8 — Fig. 8: Geometry for Transverse Relative Time Shift when observer is

on signal path at zoc and v = c.
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Appendix B.9 — Fig. 9: Geometry for Transverse Relative Time Shift when observer is
perpendicular to signal path at z’c and v = 2c.
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Appendix B.10 — Fig. 10: Geometry for Transverse Relative Time Shift when observer
Is on signal path at zoc and v = 2c.
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Appendix B.11 - Fig. 12: Observer coordinates E and F using Heron’s formula for K
and equations for two intersecting circles [2] when v < c.
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Appendix B.12 - Fig. 13: Happy observer inside death signal light cone at coordinates E
and F using Heron’s formula for K and equations for two
intersecting circles [2] when v =c.
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Appendix B.13 - Fig. 14: Fig. 12: Kepler’s Law of equal areas with observer inside death

signal light cone when v =c.
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ppendix B.14 - Fig. 15: K3 derived from area of triangle when v =c.
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Appendix B.15 - Fig. 16: Observer measures transverse relative length of rod L when
birth and death signals are emitted at t = 0s and v < c.
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