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All special relativity velocity
factors are derivable using a
light clock with two mirrors
equidistant from a light-pulse
emitter/detector. The distance
between mirrors defines one
length unit %, and the time
from pulse emission to return
defines one time unit . Motion
of the system along the axis
of mirror separation requires
physical repositioning (Bell’s
ship paradox) of the parts in
the observer frame to ensure
synchronous pulse returns.
The new lengths then define
the various velocity factors.

apa.2023-02-08.2230.pdf



https://creativecommons.org/licenses/by/4.0/
https://sarxiv.org/apa
https://sarxiv.org/apa.2023-02-08.2230.pdf

Terry Bollinger CC BY 4.0

Special Relativity Conversions with Relativistic
Doppler, Binary Rapidity, and Age Gradients

February 8, 2023

(2025-07-27: a' fixes, refactored)

Relativistic
Doppler Factor
Unitless Lorentz (Forward Light Age Traveler's  In-Frame Diagonal
Velocity Velocity Factor Rapidity Binary Rapidity  Paths Ratio) Gradient ~ Gradient  Gradient Factor
v B y w p R a a, a D
V= B= Y= W= P= R= = F= J= D=
Best— Vv (V)lc ((R)1;§)(/§)A(- In(R) log_2(R) \/((1+(B))/(1-(B))) ((B)(Y))c -(A) -(V)/(ch2) \/(2((Y)"2)-1)
Given|
1M(1- ((VAN(Er2- | (VIN(eh2 A A
VLV e (e s oa 20U osppyo ) e G C ey
- \/(1 (( )/\/(1-
. 1Nt | In((A+BI-  [log_2(N((1 B P L A S A s B2
B:B| cB) 5 | (®2) s Lo e (@) e (BNt | et Mgy
(2 g2 [N vr2) \ o |-
vl - (- N l(Y)2) fog 20 Y2 (v | - g \
VY iy (g | Y OMOGO72 | BRI IICOMOPER ey | ey |G7AINE | @20
(| O | ey | e | G -
(e ('( ))))) )) (e ( _1)) _1)) ) (e /(\-
W) WD)
HRP)- | (@P) [P
(P2 (P2
(@2 P)e/ @ | @ | PIIEP) | V@2
p: P[Py P+ [Py P (@ (P) ) P @P) \ \ 2
T | 2 PRI PRI | et 2P0
(RARPE | (RHRA . HRARPE [(RHR [ HRARAE [ mmanmr.
R: R ORI ()RR | R ngry log_2((R) R M2 (e (RN | (RIZRI
1) M) 1) )| COEED)
In(\/((\/(1+(1/(((A)" |Og_2(\/((\/(1+ 1(
) o AP RIS (A7 [OTAR2X WA N2
a: A|monts(ar (weni+(a[ ANy D 2| A ) )
o2 | yaea) | 2 (IEDED IRy 2¢'2) 2
In(\/((\/(1+(1/(((F)" |0g72(\/((\/(1+ 1(
B (F) o Ny A2 [Eraiery) [ ErX " g [R2(Fr2e
a,: FONAHFr2)(e | onsEr YO AN PO A ) FooPNa+HF2
B A i <5 I (b S R G e )2 )
. NP2 | in(- log_2(\((1- @ | P V(1+9°2(c'2)
o ] oo | e o) | wettwen | @i [NEOIN ] ) | pa) D rae)
20+
V(102 |29 V(D)2
V(02> It D2)- (02>
ol i@ P2 N2 [ty ii- [ O D(P2+I0- [Ny |ty | MIUC
P Bluorarn MO e Vo QRS Niore- i) [izieen PO
AP | gy | D@2
£=1 1/y The table above has text versions
t=1 = of equations that are compatible
c=1 [ with Google’s equation processor.
After replacing the capital letters
with numeric values, they can be
il pasted directly into a Google
e " prompt to get numeric results.
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Notes: The forward light path ratio
R gives a geometric interpretation
of the relativistic Doppler factor.
Binary rapidity is easier to use in
figures than standard rapidity.
Age gradients quantify the rate of
non-simultaneity per length of
objects, e.g., Einstein’s trains.
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