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Introduction

Chronometry examines how
time is defined, measured,
organized, and understood
across terrestrial, astronomical,
technological, and theoretical
contexts. The collection is
presented as a visual reference
for tracing timekeeping from
historical devices and everyday
systems to precision
measurement, space missions,
relativity, quantum mechanics,
and unresolved questions about
the nature of time. The
document, titled Chronometry,
consists of 24 infographics
arranged as a progression. It
opens with “CHRONOMETRY,”
followed by “THE EVOLUTION OF
TIMEKEEPING ON EARTH: A
CHRONOLOGICAL JOURNEY,”
which establishes a historical
frame. “TAXONOMY OF
CHRONOMETRY: A
CLASSIFICATION OF
TIMEKEEPING DEVICES
THROUGH HISTORY” then
organizes timekeeping devices
by classification, while
“MODERN SOCIETY'S
TIMEKEEPING METHODS:
UNVEILING THE MECHANISMS
OF TIME"” shifts attention to
contemporary methods. “THE
ANATOMY OF A SECOND: From
Earth's Rotation to Atomic
Vibration” examines the
foundations of the second, and
“THE CHRONOLOGY OF
PRECISION: The Shrinking
Margin of Error” follows the
development of increasingly
precise measurement. The next
group addresses calendars,
dating, and large-scale temporal

reference. “CALENDAR CHAOS:
Why We Need Leap Years (and
Leap Seconds)” considers
adjustments to calendar and
time systems. “THE DATING
TOOLKIT: How We Know How
Old Things Are” turns to
methods for establishing age,
followed by “THE COSMIC
CALENDAR TOWER: The 13.8
Billion Year Year,” which places
time within a cosmic scale.
“CELESTIAL CHRONOMETRY:
TIMEKEEPING ACROSS OUR
SOLAR SYSTEM” broadens the
scope beyond Earth, and
“GLOBAL ASTRONOMICAL
TIMEKEEPING COORDINATION &
OBSERVATIONS” addresses
coordination and observation at
a global astronomical level. The
collection then develops the
relationship between
chronometry and space
operations. “THE UNSEEN
PULSE: GNSS & THE GLOBAL
TIMEKEEPING NETWORK”
presents satellite-based global
timekeeping, while “ORBITAL
CHRONOMETRY: TIMEKEEPING
FOR EARTH SATELLITES”
focuses on timing in Earth orbit.
“MARS EXPLORATION
CHRONOMETRY: MEASURING
TIME ON THE RED PLANET”
extends the subject to Mars, and
“MANAGING TIME FOR MOON
EXPLORATION MISSIONS: FROM
EARTH DEPENDENCE TO
COORDINATED LUNAR TIME”
considers the transition from
Earth-dependent timing to
coordinated lunar time.
Together, these infographics
frame timekeeping as an



operational concern across
different environments and
mission settings. The final
sections move from applied
space chronometry to
foundational physics and
conceptual questions.
“EINSTEIN'S TIME DILATION:
How Speed and Gravity Bend
Time” introduces the effects of
speed and gravity, followed by
“RELATIVISTIC TIMEKEEPING:
How Spacecraft Speed Affects
Time vs. Earth,” which applies
that subject to spacecraft.
“QUANTUM MECHANICS & THE
ENIGMA OF TIME” and “IS TIME
LINEAR?"” shift toward quantum
and conceptual examinations.
The collection then considers
time travel through
“CHRONOSCAPES: SCIENTIFIC
HYPOTHESES OF TIME TRAVEL,”
“THE STACKED FICTION OF TIME
TRAVEL,” “TIME TRAVEL
PARADOXES:", and
“VISUALIZING THE PARADOXES:
The Logical Knots of Time
Travel.” It closes with
“UNANSWERED QUESTIONS:
TIMEKEEPING IN THE
UNIVERSE,” leaving the subject
open to further inquiry. Across
this sequence, chronometry is
treated as both a practical
system of measurement and a
subject connected to astronomy,
exploration, physics, and
speculation. The organization
moves from the history and
classification of timekeeping,
through the definition and
precision of time, into calendars,
dating, astronomical
coordination, and planetary
missions. It then progresses to
relativistic and quantum
perspectives before examining
linearity, time travel, paradoxes,

and remaining questions. The
document provides a structured
visual overview of timekeeping
and the scientific and
conceptual issues that surround
it.



Section 1:
Foundations of
Timekeeping

9 infographics

These infographics build from the historical evolution
and classification of timekeeping through modern
methods, precise measurement, calendar adjustment,
dating, and cosmic-scale chronology.



THE EVOLUTION OF TIMEKEEPING ON EARTH:

A CHRONOLOGICAL JOURNEY

. ANCIENT NATURAL CYCLES
(Pre-history - c. 3000 BCE)

Early humans tracked time via celestial
observations, solar positions, lunar
ES cycles, and seasonal changes for
agriculture and rituals.

STONEHENGE (c. 3000 BCE)
- Megalithic structure tracking
solstices and celestial events.

EGYPTIAN OBELISKS & SHADOW

= CLOCKS (c. 3500 BCE)
- Utilized shadows to mark the sun's
passage during the day.

CLASSICAL ANTIQUITY & EARLY DEVICES
(c. 1500 BCE - 500 CE)

WATER CLOCKS (Clepsydra)
(c. 1400 BCE, Egypt, Greece,
China)

- Me?surﬁl| time'bg thﬁ . -
regulated flow of liquid, usable
OLDEST KNOWN SUNDIAL t 0\ indgors andat night. ANTIKYTHERA MECHANISM
(c. 1500 BCE, Egypt) Babylonians introduced the . céﬁ; lgg aB:aEI(':Grceoel:e{lter
- Divided the day into parts =@\l sexagesimal (base-60) system g
using the sun's shadow. — =—"" fortime division (c. 2000 BCE). P 9

=~ % positions and eclipses.

¥

MIDDLE AGES: NON-MECHANICAL & EARLY MECHANICAL
(c. 500 - 1400 CE) -

g

EARLY MECHANICAL
TOWER CLOCKS

(c. 13th Century, EuropeL _
- Weight-driven, large public
clocks using verge-and-
foliot escapements,

often striking bells.

HOURGLASSES
(Sandglasses)

(c. 8th Century, Europe)
- Measured specific time
intervals via sand flow,
popular on ships.

CANDLE CLOCKS

(c. 520 CE, China/Europe)
- Time measured by the
consistent burn rate of

a marked candle.

c Z )
N« ——

PENDULUM CLOCK [
(1656, Christiaan Huygens) |

POCKET WATCHES i - First accurate mechanical &

(c. 1500, Peter Henlein, Nuremberg) GALILEO'S PENDULUM THEORY (1582) . clock, significantly  [§

- Mainsprings enabled portability, - Observed the of pend p g precision with 1
though initially inaccurate. laying the groundwork for precision. pendulum regulation.

INDUSTRIAL REVOLUTION & STANDARDIZATION
(c. 1700 - 1900 CE) — e

MARINE CHRONOMETER
(c. 1760, John Harrison)
- Solved the longitude
problem with highly
accurate timekeepit -
gLsea) STANDARDIZATION & TIME ZONES
é1884) - Greenwich Mean Time (GMT)
adopted as the prime meridian standard,
establishing global time zones.

BALANCE SPRING
(c. 1675, Huygens/Hooke) - Improved
accuracy of portable watches.

MODERN ERA: ELECTRONIC & ATOMIC PRECISION
(c. 1900 - Present)

>

=

AN >
QUARTZ CLOCK ATOMIC CLOCKS OPTICAL CLOCKS
(1927, Bell Labs) - Utilizes the (1949, Ammonia; 1955, Cesium) - Measure (21st Century) - Next-generation atomic
iezoelectric effect of quartz crystals time based on the constant frequency of clocks using visible light frequencies,
or highly accurate timekeeping, later atomic transitions, defining the achieving unprecedented levels of
popularized in wristwatches. International System of Units (SI) second. precision for science and navigaticr

newspaceeconomy.ca



— TAXONOMY OF — /7

‘/CHRONOMETRY

A CLASSIFICATION OF TIMEKEEPING DEVICES 5
THROUGH HISTORY L

I. NATURAL PHENOMENON-
. BASED CHRONOMETRY

(Continuous & Flowing Processes)

A. SOLAR
(Shadows & Sun)

Il. MECHANICAL OSCILLATOR
: CHRONOMETRY

~ (Repetitive, Oscillatory Processes)

A. EARLY MECHANICAL
(Verge & Foliot, Weight-Driven)

5| ~ £
Ver e
Sundial Obellsk Shadow Clock Tower Clock Escapegment Foliot

Measures time via sun's position & shadow Early clocks using weights and

VN length. Dependent on sunlight. escapements. Less accurate. LA
B. WATER B. PENDULUM
(Clepsydra) 6 (Gravity & Oscillation)
~ = o ol
= : = g
3 i
2
™

Anchor
Pendulum Clock Huygens' Clock Escapement

» Uses swinging weight; ﬁrecision improved
L \ by Huygens. Highly accurate.
) \ => C. BALANCE WHEEL & SPRING

Inflow Clepsydra Outflow Clepsydra
N/ Measures time by controlled flow of
- EY water. Independent of sun.

b C. COMBUSTION

(Fire & Consumption)

(Portable Oscillation)

Hairspring  Balance Wheel

Coiled spring and oscillating wheel;
allowed for portable timekeeping.

Pocket Watch

. Candle Clock Incense Clock Oil Lamp Clock

Measures time by consistent burning
rate of materials.

f—/t - 3
&, lll. MODERN & ATOMIC

\ CHRONOMETRY

é ./( (Electronic & Quantum Processes)

/
/ A. ELECTRICAL ="

(Electromechanical)

A

T <

7 ’43‘,1\\ N\

E le<=2 S <@
=

\
)
Ll

N/

N\ /

b

AN
AN

=
Sl

=

(r«(«(««(«( 7 E |
Electric Clock \ ETE | Cesium Atomic Clock

Uses electric current to power NS iy i Based on microwave for frequency
mechanical movement. . y . of electron transitions.

B. QUARTZ CRYSTAL 1 g C. ATOMIC

(Piezoelectric) | f ’ (Quantum Transitions)

8| # i #©

Quartz Quartz Integrated L \ Il Cesium Atomic  Cesium-133 Optical
Watch Tuning Fork Circuit ¢ ) |} N Clock Atom Clock
Uses vibrating quartz crystal frequency. | £ \ o | Based on microwave or optical
High accuracy, low cost. f 4 B frequency of electron transitions
= = ‘\ in atoms. Supreme precision.

e

FRmM=llr=P<[T2I> T C—FN- 82

S

\
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MODERN SOCIETY'S TIMEKEEPING METHODS:

UNVEILING THE MECHANISMS OF TIME

THE ULTIMATE REFERENCE: ATOMIC PRECISION

(Based on vibration frequencyw Microwave [ Based on vibration frequency
L of atoms (e.g., Cesium-133). beams of atoms (e.g., Atms).
Loss 6f:l‘se;:;d Er‘mm;l;s Defines International Atomic
of years. ¥ — o Time (TAI) & Coordinated
e —— I .| Universal Time (UTC).
(Deﬁnes International Atomic U : L - -
Time (TAI) & Coordinated = : - - Primary standard for
Universal Time (UTC). ‘ ATOMIC CLOCKS national time.
|\ =9 )
GLOBAL SYNCHRONIZATION & DISTRIBUTION
SATELLITE SYSTEMS NETWORK TIME
(GPS/GNSS) PROTOCOL (NTP)
Onboard atomic clocks @— @\@
broadcast precise time v g N
signals. _°_ ‘EE}" g @E
BN

7 " %
Crucial for navigation, @
positioning,
telecommunications.
Synchronizes computers &
devices over the internet.

Hierarchy of time servers
ensures consistency for
data & finance.

) O
QUARTZ CLOCKS DIGITAL CLOCKS & DISPLAYS SMART DEVICES
Vibrating quartz crystal regulated Numeric display using electronic & WEARABLES
by electronic circuit. components (LED, LCD). Sync automatically via networks.
Highly accurate, inexpensive, ‘ Ubiquitous in appliances, cars, Combine time with fitness
common in watches & wall clocks. computers for easy readability. tracking, notifications, apps.

T
[\

SPECIALIZED & TRADITIONAL METHODS

)
BIOMETRIC TIME CLOCKS MECHANICAL CLOCKS
Uses unique physical traits * Rely on gears, springs,
for employee attendance. and escapements.
Prevents fraud, ensures * Valued for craftsmanship
accurate records in workplaces. and aesthetic, less precise.

newspaceecono




| THE ANATOMY OF A SECOND: |

I From Earth's Rotation to Atomic Vibration '
r—[ THE OLD DEFINITION b
(Based on Astronomy)

1 Second = 1/86,400
of a Mean Solar Day

It wobbles and slows down.

,—(THE MODERN DEFINITIONJﬁ
(Since 1967)

THE ATOMIC SECOND

[ Problem: Earth'’s rotation is not constant. ]

A second is defined as the duration of
9,192,631,770 periods of the radiation corresponding
to the transition between the two hyperfine levels
of the ground state of the caesium-133 atom.

EXPLODED VIEW

T

Electron

‘.¢— Hyperfine
2 v | [fevels

VWS

Microwave radiation

v

(9,192,631,770]cveLes

Nucleus
(. 7
- WHY IT MATTERS ) S
INTERNET

Crucial for GPS accuracy Essential for synchronizing
(nanosecond precision global internet and financial

required) networks.

\

The heartbeat of the modern world is atomic.



THE CHRONOLOGY OF PRECISION:
The Shrinking Margin of Error

— ANCIENT ERA
< (The Era of “Close Enough”)
Approx. 3500 BCE: \N& —

The Shadow Clock
Error +/- 30 Min/Day

=

— = ==

”_ Approx. 1500 BCE:
The Water Clock
Error +/- 15 Min/Day

THE MECHANICAL
AWAKENING

1300s CE:
The Verge Escapement
Error +/- 10 Min/Day

THE SCIENTIFIC o Ll
REVOLUTION ; Pendulum Clock

Error +/- 1 Min/Day
1656:

Pendulum Clock
Error +/- 1 Min/Day

THE SCIENTIFIC REVOLUTION

, 0:a3] [s8:ss)
1927: :' ‘ —— i
The Quartz Clock " '
Error +/- 0.5 Sec/Day

THE ELECTRIC ERA

1955:
Cesium Atomic Clock
Error 1 Sec in 1.4 Million Years
TODAY:
Optical Lattice Clocks
/ Error Will not lose a second
~— in 15 BILLION YEARS

Tagline: We no longer measure time. We define it.

(=)
=
(=]
>
125
=]
-]
(S5
[&)
<
e
=
=
<<
L
I
-



" CALENDAR CHAOS:

Why We Need Leap Years (and Leap Seconds)

i% PROBLEM: THE MISALIGNN

THE SOLAR YEAR GEAR
(Actual Time) THE CALENDAR YEAR GEAR
| (Our Attempt)

THE REMAINDER:
~0.2422 Days
(approx. 6 hours) per year

YEAR 1: YEAR 2: YEAR 3: YEAR 4:

+6 Hours off +12 Hours off +18 Hours off +24 Hours off
(A Full Day!)

Every 4 years, we add one day to
realign our calendar with the Earth’s orbit.

Earth’s rotation Atomic clocks _Added irregularly to keep clocks
is slowing down are too in sync with day and night. Causing
irregularly. perfect. chaos for computer systems.

- Our perfect systems vs. a wobbly planet.




THE DATING TOOLKIT:

How We Know How Old Things Are

A\ v T

24 \/ (
WHAT IS THE OBJECT MADE OF L \

&
HOW OLD DO YOU THINK IT IS? <
<
> ORGANIC MATERIAL INORGANIC MATERIAL ‘
(Bone, Wood, Shell, Charcoal) (Rock, Mineral, Pottery)
& OR
<50,000 YEARS OLD >50,000 YEARS OLD ‘
I
5 v . v v
RADIOCARBON DATING VOLCANIC ROCK SEDIMENTARY
(C-14) & LAYERS &
MILLIONS OF YEARS OLD RELATIVE AGE
\ Decaying F i —
C-14 ator POTASSIUM-ARGON
Measures decay of DATING (K-Ar)
Carbon-14 isotopes. L y
Good for recent organic finds.
<Y Example: Poassim
| Ancient Egyptian Sample
| peninc: Measures decay of
Potassium-40 to Argon-40.
L Dates very old volcanic layers.
Example:
¢ [ Early Hominid Fossils]
N _J involcanic ash.
WOOD WITH VISIBLE
& 1
RECENT HISTORY i
STRATIGRAPHY
’\ Master (Relative Dating)
Ch e
@ themen, Selaewl
chart T —
Matches tree-ring ; v i 2 :
patterns to a sequence. -
Precis for the last ~1,000 years. Older layers are at the bottom.
N — Provides relative, not absolute, dates.
¢ A\ s o
) Example: =" Example: :
wkmg"smpﬁmbers.] ' zs:zizynf';z:ﬁz;"e,s]
v
r.\' D
‘ Z

Matches tree-ring patterns
to a master sequence.
Very precise for the
last ~10,000 years.

¥

Example:
=2 | Viking Ship timbers.

A different clock for every kind of time.



THE COSMIC CALENDAR TOWER:
The 13.8 Billion Year Year

THEPENTHOUSE
(JAN 1, 12:00:00 AM)

Bl L THE BIG BANG
- '3

%
.

Cosmic Dark Ages

i e FIRST STARS &

& 7w ) EEGALAXIES EORM
SIS U = = S c— — ™~ e s = =
AL A 8 GaLaxY FORMATION
i = T . GALAX FORMATION

x, GALAXY FORMS
AND STAR BIRTH
2 MORE. GALAX &
TO EARL GROWTH
M T
GALAXY ON AND
STAR BIRTH
i e MULTY. GALAXY
AND STAR BIRTH
SEPTEMBER 1 T
BIRTH OF THE SUN
& SOLAR SYSTEM
SEPTEMBER20
i EARTH FORMS
OCTOBER ?
LIFE BEGINS
WAL, LIFE GETS
COMPLEX
GROUND FLOOR 3 2 S
- DECEMBER B/ THE LOBBY - DECEMBER i1st
DEC 26 .
(The Triassic) | £
DEC 30
(The Cretaceous)

-

9:00 PM T em S
Early hominids 11:50 PM

Modern Humans

DEC 30, 6:30 PM
(The K-Pg Extinction)

THE LAST TEN SECONDS
(11:59:50 PM to MIDNIGHT)

Agriculture, Cities, Recorded History,
Christ, Roman Empire, Renaissance,
Industrial Revolution, World Wars,

Moon Landing, Internet

MIDNIGHT

All of recorded human history happened in the last 10 seconds of the cosmic year.




Section 2:
Astronomical and
Exploration
Chronometry

6 infographics

These items extend timekeeping from the solar system
and astronomical coordination to global networks,
satellites, Mars, and Moon missions.



CELESTIAL CHRONOMETRY:
TIMEKEEPING ACROSS OUR SOLAR SYSTEM

{3 MERCURY

DAY LENGTH
(ROTATION PERIOD)

CL) 1,408 Hours
™ (approx. 59
Earth Days)

YEAR LENGTH
(ORBITAL PERIOD)

@ 88 Earth Days

e

Q JUPITER

VENUS

e

-

EARTH

DAY LENGTH DAY LENGTH
(ROTATION PERIOD) | |  (ROTATION PERIOD)
(- 5,832 Hours (- 24 Hours
S (approx. 243 Earth | S (approx. 1
| Days) - Retrograde | Earth Day)
4 Rotation ‘
| YEARLENGTH YEAR LENGTH
(ORBITAL PERIOD) (ORBITAL PERIOD)
E @ 225 Earth Days @ 365.25 Earth Days
D&
SATURN URANUS

DAY LENGTH
(ROTATION PERIOD)

@ 9.9 Hours

YEAR LENGTH
(ORBITAL PERIOD)

(%) 4,333 Earth Days
2 (approx. 11.86
Earth Years)

DAY LENGTH DAY LENGTH
(ROTATION PERIOD) (ROTATION PERIOD)
(5% 10.7 Hours (% 17.2 Hours
e * (Retrograde
Rotation)
YEAR LENGTH YEAR LENGTH
(ORBITAL PERIOD) (ORBITAL PERIOD)
@ 10,759 Earth Days @ 30,687 Earth Days
(approx. 29.46 (approx. 84
Earth Years) Earth Years)

newspaceeconomy.ca

MARS

DAY LENGTH
(ROTATION PERIOD)

(- 24.6 Hours
® (approx. 1.03
Earth Days)

YEAR LENGTH

' | (ORBITAL PERIOD)

(%) 687 Earth Days
ot (approx. 1.88
Earth Years)

NEPTUNE

J——

DAY LENGTH
(ROTATION PERIOD)

@ 16.1 Hours

YEAR LENGTH
(ORBITAL PERIOD)

@ 60,190 Earth Days
(approx. 164.8
Earth Years)
» Ay
\4

v,
< >

A A
Py




GLOBAL ASTRONOMICAL TIMEKEEPING
COORDINATION & OBSERVATIONS

International Atomic Time (TAIl): Continuous, ultra-stable timescale based
on a weighted average of hundreds of atomic clocks globally. Independont
of Earth's rotation. The steady heartbeat of modern time.

. ! s

THE BRIDGE: COORDINATED UNIVERSAL TIME (UTC) *

—»(23:59:59)»(23:59:60): [C

LEAP SECOND INSERTED

UTC: The primary civil time standard. Derived from TAI but adjusted by
integer leap seconds to remain within 0.9s of Earth's rotation (UT1).
The practical link between atomic stability and celestial reality.

@ l LEAP SECOND ADJUSTMENT
\ IERS monitors UT1-UTC
% EARTH'S IRREGULAR ROTATION (Ugn TR By le sacnds

synchronization for navigation
and telescope pointing.

Universal Time (UT1): Based on Earth's actual rotation on its
__ axis relative to the mean sun. Variations caused by tidal

friction, atmospheric changes, and internal processes make
it slightly irregular.

TERRESTRIAL TIME (TT) BARYCENTRIC DYNAMICAL TIME (TDB)
_ [ O )
& SPECIALIZED /“
ASTRONOMICAL / - @ ) B/
TIME SCALES [0 3 )
\ ¥/
® . W
TT: Idealized time for apparent geocentric TDB: Relativistic coordinate time scale for solar
ephemerides of solar system bodies. system ephemerides, centered on the Solar
System Barycenter. Accounts for time dilation
TT = TAI + 32.184s (constant offset), Used for effects. Crucial for spacecraft navigation and
theoretical calculations on Earth’s surface. precise planetary orbit calculations.

CONTINUOUS COUNT: JULIAN DATE (JD)
! E BC/AD i

JD 2460300 5...
_ﬂ
Julian Date (ID): A continuous count of days and fractions since

Greenwich mean noon on January 1, 4713 BCE. Eliminates calendar
complexities for long-term astronomical records and calculations.

newspaceeconomy.ca



THE UNSEEN PULSE: GNSS & THE GLOBAL TIMEKEEPING NETWORK

1. THE FOUNDATION: ATOMIC CLOCKS IN ORBIT GPS

GNSS Satellites carry ultra-precise atomic
clocks (Cesium, Rubidium, Hydrogen Maser).
These clocks are the stable heart
of the system, synchronized to
nanosecond-level accuracy.

Galileo BeiDou

/

2. THE MECHANISM: PRECISE TIME TRANSFER VIA SIGNAL | 3. GNSS TIME SCALES vs. UTC (COORDINATED UNIVERSAL TIME)

% [Tsatellite Traqsg;it:al] »[Ssig:gle'lz&ravels thr.ough} uTC e o Liget j Of;sel %
% g i (The Global Standard) ©  * © T T 0 T TERER g
— L
JJ eg, Toy Receiver Decodes Signal & GPS TIME e
Measures Time of Arrival (T,..) RV | e
7 (Conti no leap seconds, offset from TAI)
\ Receiver Calcul GALILEO SYSTEM TIME (GST) Ve | TS i~
/ﬁ o Si?&aI_TTtavel_ljﬂTe (Steered to TAI, offset from UTC)
’VV e sat GLONASS TIME vy | & ~
2 = = (Steered to UTC with leap seconds)
A Receiver Synchronizes
- L2\ its Local Clock to BEIDOU TIME (BDT) v
- Satellite Time r— e >

4. GLOBAL APPLICATIONS OF GNSS PRECISE TIMING

(@)

TELECOMMUNICATIONS ‘
ynchronizes network infi
for seamless data handover and

transmission, enabling 56/6G.

FINANCIAL NETWORKS
Essential for high-frequency trading,
precise timestamping of transactions,
and regulatory compliance.

SCIENTIFIC RESEARCH
Provides accurate time reference
for experiments, data
timestamping, and
correlating global observations
(e.g., geodesy, astronomy).

=
=m
= B

POWER GRIDS

ynchronizes phase
units (PMUs) fforlfngan grid
3

Ul
and stability.

TRANSPORTATION & LOGISTICS INTERNET & DATA CENTERS
Synchronizes traffic management Ensures consistent log file timestamps,
systems, scheduling, and positioning : database synchronization, and secure
for automated transport. network operi%_tg}ggr Brotocols like

RESILIENCE SOLUTIONS
( | 1 ) Fiber eLORAN
JAMMING & SPOOFING SIGNAL OBSTRUCTION LOCAI&fgéEOVER ALTE%#k}IfVGENg:c%(UPs
lmg?st:ggﬂilrwiigesrieg?a?s?an en‘zrgﬁ:ﬁ:w:g;\rg;zslgbs?gnal (e.g., high-quality oscillator) Utsiir:ge rsool:luns:le Isofoa:‘nczl?rlc:(asina:gcﬁrvaecr yse

loss or multipath errors. during outages.

newspaceeconomy.ca



ORBITAL CHRONOMETRY: TIMEKEEPING FOR EARTH SATELLITES

PRECISE TIME IS THE FOUNDATION OF SATELLITE OPERATIONS (NAVIGATION, COMMUNICATION, SCIENCE)

> (1. THE NEED FOR EXTREME PRECISION) N
: (Light travels ~30 cm in 1 nanosecond (ns). 1ns=30cm
)) A 1 microsecond (ps) clock error = ~300 1ps=300m
= meters position error on Earth for GNSS. 1 ms =300 km
“ 7~‘O [ Nl S (| OGRSl ()
Scale
p— CZ. ONBOARD SATELLITE CLOCKS (THE HEARTBEAT))
QUARTZ CRYSTAL RUBIDIUM ATOMIC CESIUM & HYDROGEN MASER
(Backup/Less Critical) (Common, Compact) (Primary References, Highest Precision)

=
Lower Stability High Stahility Ultra-High Stability

(short-term) (medium-term) — (long-term)
L. Atomic clocks use electron transition frequenmes as a constant “tick”. J
= \3 THE RELATIVITY CHALLENGE (PHYSICS IN ORBIT) o) ~
SPECIAL RELATIVITY (SPEED EFFECT) GENERAL RELATIVITY (GRAVITY EFFECT)
. Satellites move FAST Satellites are further from &
— T Vv relative to Earth. Earth's gravity. /«\
— 2@ > slower y : faster
J Time appears to SLOW DOWN Time appears to SPEED UP for
o U for the moving clock. the clock in weaker gravity.
/ \ (e.g., GPS satellites (e.g., GPS satellites
~ -7 ps/day effect) ~ +45 ps/day effect) S'OWET
oS J
“ (' NET EFFECT (VARIES BY ORBIT) ) —
LEO (Low Earth Orbit): ’ MEO (Medium Earth Orbit, e.g., GPS): GEO (Geostationary Orbit):
Speed effect dominates

Gravity effect dominates i Gravity effect dominates

(Net Slower) (Net Faster, ~ +38 ps/day total for GPS) (Net Faster)

/—C4 SYNCHRONIZATION & CORRECTION LOOP (KEEPING IT ACCURATE)%

DOWNLINKSIGNAL /77 N

‘VQ". 3
) (Time & Data) - | /\/\/
& S ]
SATELLITE GROUND MONITOR STATION

(with Clock Bias & Drift) (Receives & Compares) = l {:}g

SL{6) ——
UPLINK Corrections account for relativity, = m
SIGNAL clock drift, and environmental factors. = M :

3 { Regular updates are crucial. MASTER CONTROL CENTER uTC
\% (Calculates Corrections vs. UTC Ref.) (Coordinated
X T J NASTER GLogk
\ X
R « X <
SATELLITE CORRECTION MESSAGE
(Applies Corrections (Clock Offset, Drift Parameters)
to Onboard Time)
<
(5. REAL-WORLD APPLICATIONS (THE RESULT) )
'S 2\
= gkggfﬁ]l_‘lé\&ggﬁg % EARTH OBSERVATION ((( ))) TELECOMMUNICATIONS
= Ve &SCIENCE & DATA SYNC
Q (GNSS) /"R,
z Accurate positioning ‘ 4 Precise image geolocation, Network synchronization,
(meters to cm), timing for ) J data fusion, climate secure data transfer, financial

o critical infrastructure. monitoring timestamps. transaction timestampinl.
.
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MARS EXPLORATION CHRONOMETRY:
. MEASURING TIME ON THE RED PLANET

.1 SOL vs. DAY: THE MARTIAN ROTATION

/_s EARTH DAY:

(\ ~24 HOURS
\o (23h 56m 4s)

EXTRA
~40 MINS

MARTIAN SOL:
~24 HOURS 39 MINUTES
35 SECONDS

A “Sol” is a Martian solar day. It is about 2.7% longer than an Earth day.

(2) THE MARTIAN YEAR & SEASONS

NORTHERN SPRING / SOUTHERN AUTUMN
(Longest Season)

~194 Sols

~178 Sols
" NORTHERN AUTUMN/ ~154 Sols
SOUTHERN SPRING

“-
- ~

NORTHERN WINTER / SOUTHERN SUMMER
(Shortest Season)

~142 Sols

MARTIAN YEAR = ~668.6 SOLS = ~687 EARTH DAYS
Seasons vary significantly in length due to orbital eccentricity.

(3] MISSION TIMEKEEPING: COORDINATED MARS TIME (MTC) & LOCAL SOLAR TIME

COORDINATED MARS TIME (MTC) %’\, -‘ LOCAL TRUE SOLAR TIME (LTST)

» Analogous to Earth’s UTC "+ Specific to lander location
+ Used for global reference %b + Sun's position relative to local meridian

Mission operations often use Local Solar Time to plan daylight activities for solar-powered rovers and instruments.

{4) COMMUNICATION DELAYS: THE LIGHT-SPEED LIMIT

CLOSESTAPPROACH ~ _ oNE-WAY LIGHT TIME: ~3 MINUTES
(Opposition) 's

~ illi 8 \
% 54.6 million km

A

ONE-WAY LIGHT TIME: ~12.5 MINUTES

& AVERAGE DISTANCE > g
N ~225 million km 3
FARTHEST DISTANCE
(Conjunction)
= ONE-WAY LIGHT TIME: ~22 MINUTES > /ﬁ
— ~401 million km i

Radio signals travel at the speed of light. The delay prevents real-time control of rovers, requiring
autonomous operations and pre-planned command sequences.

5 FUTURE TIMEKEEPING CHALLENGES

Challenges include relativistic effects (time dilation due to gravity differences), defining
i time zones for settlements, and synchronizing with Earth for long-term missions. ‘

newspaceeconomy.ca



MANAGING TIME FOR MOON EXPLORATION MISSIONS:
FROM EARTH DEPENDENCE TO COORDINATED LUNAR TIME

1. THE CORE CHALLENGE: EARTH TIME DOESN'T FIT

RELATIVISTIC EFFECTS
Gravity & Velocity Differences

: MICROSECONDS -
- _FASTER PER EARTH\

N/ o N

\
Significant for navigation at light speed;
56us error = ~168 football fields in position.

EARTH CLOCK
(Stronger Gravity)

LUNAR CLOCK
(Weaker Gravity, Orbital Motion)

2. CURRENT OPERATIONS: TETHERED TO EARTH TIME ZONES

M) e

) A TIm
(I ) S R )
(e.g., Central Time)
W

COMMUNICATION DELAY
» Operating on No Independent
Earth-Based B Lunar Time
Mission Time o8 Standard
APPROX. 1.3 SECONDS ONE-WAY "

(More with processing)

P

WEIGHTED AVERAGE OF
LUNAR ATOMIC CLOCKS

PROPOSED UNIFIED
TIME FRAME

WEIGHTED AVERAGE OF

TRACEABLE TO UTC
LUNAR ATOMIC CLOCKS

(Coordinated Universal Time)

2\ BN
/ =
1 P
e N
O
PRECISION RELATIVISTIC CISLUNAR NAVIGATION GROUND-TO-SPACE
ATOMIC CLOCKS CALCULATIONS & SATELLITE SYSTEMS TIME TRANSFER
Ultra-precise time ADJUSTMENTS Constellations providing Synchronizing spacecraft
measurement on lunar Correcting for gravitational real-time positioning, clocks with Earth
surface & orbiters and velocity-based time navigation, and timing references via two-way
(nanosecond accuracy). dilation to sync with Earth. (PNT) signals. signals.
. 57 J J J

5. BENEFITS OF A LUNAR TIME STANDARD

0%

SYNCHRONIZED
MULTI-MISSION OPERATIONS
Coordination between landers,
orbiters, rovers, and human crews
from different nations/entities.

PINPOINT NAVIGATION
& SAFETY
Accurate orbital insertions,
landings, and collision
avoidance.

SCALABLE FOR
DEEP SPACE

Foundation for future

timekeeping systems on
Mars and beyond.
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Section 3: Relativity
and the Nature of
Time

2 infographics

These infographics develop from Einstein’s time
dilation into spacecraft effects and the twin and
Andromeda paradoxes that test intuitive notions of
time.



EINSTEIN'S TIME DILATION:
How Speed and Gravity Bend Time

VELOCITY TIME DILATION
(The Twin Paradox)

GRAVITATIONAL TIME DILATION
(The Gravity Well)

As you approach the speed of
light, time slows down for you
relative to a stationary observer.

The traveling twin has aged less.

_2GM

th=t g 1=—==;

The stronger the gravitational
field, the slower time passes.

Time passes much slower

/ deep in a gravity well.

Time is not absolute; it is relative to your *
speed and location in the universe.



RELATIVISTIC TIMEKEEPING:

How Spacecraft Speed Affects Time vs. Earth

Does Faster Motion Mean Slower Time? Understanding Time Dilation

According to Einstein’s Special Relativity, time is not absolute. The faster an object moves
through space, the slower it moves through time relative to a stationary observer.

1 THE COSMIC SPEED LIMIT & TIME DILATION

STATIONARY OBSERVER MOVING OBSERVER
(Earth) (Spacecraft)
4 The speed of light is
) » the same for all
. observers, regardless
of their motion. 1 second = 1 second 1 second > 1 second
i on Earth

Light Speed (c) = Constant ;
(approx. 299,792 km/s) Time must SLOW DOWN for the moving object

to measure light's speed as constant.

2 VISUALIZING THE EFFECT: THE LIGHT CLOCK ANALOGY } ' P
EARTH (STATIONARY) SPACECRAFT (MOVING AT VELOCITY v)

LIGHT CLOCK — W\ LieHTCLOCK ﬂ

Distance = 2L - Wl - A
a >
Time per tick: _w Distance > 2L Time per tick:
= T,=2llc T>T,
: . ; To an Earth observer, light travels a LONGER path.
Light "-f-yds? dk”eCt vertlllcal path. To keep speed ‘c" constant, the TIME interval must T= Al
ime HeKSInormaZly. be longer (ticks are slower). 0

3 MAGNITUDE OF TIME DILATION AT DIFFERENT SPEEDS : ‘ ’
LOW ORBIT SPEED o @ * 5 b Cited e
(e.g., GPS Satellite ~14,000 km/h) - v % f % © 1:00:00.000000 - (crucial for GPS).
1:00:00.000000 J_7 microseconds/day
2ok - ime dilation becomes
| SIGNIFICANT SPEED > Q approx.  time
*; (e.g., 50% Light Speed, 0.5c) ) 2 !'K\» ~ Noggjﬁ:&; gﬁ)?l\(l:eer(.: e

—

1 YEAR passed 0.866 YEARS passed
— S Time dilation is EXTREME. | :
(eNEéAQI; H?\F ST esegEOEg%c) {&% aPRiRx- Spacecraft crew experiences
(g, 22 nlONtpee . = 4 significantly less time. | -
10 YEARS passed 1.41 YEARS passed

4 CONCLUSION: THE FASTER YOU GO, THE SLOWER YOU AGE

Departing Earth
(Age: 30)

(Age: 32)

(¢

Returning after q
high-speed voyage (( )
- !

r,
W/
&

i

LUSSR) )
-
o0
o L8]\
1\~ —) )
]
1

.H. " EARTH SPACECRAFT H30
& &  TIMEELAPSED: TIME ELAPSED: - o
- v =
@ Wa  MANYYEARS FEW YEARS &

RELATIVITY MEANS: Your clock ticks slower relative to Earth as your speed increases. |
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VISUALIZING THE PARADOXES:

The Logical Knots of Time Travel

THE GRANDFATHER PARADOX
(The Broken Loop)

A young man gets into
a time machine.

// He sees his grandfather
asa youngman

i/l
gl

. He acmdentally (or
intentionally) causes

his grandfather’s death

\ before his father is

concelved

The young man |n
the past begins to
.. become transparent

\ and fade away.

If he never existed, he couldn't
go back to kill his grandfather.
So he must exist.

But he can't...
A'logical contradiction.

THE BOOTSTRAP PARADOX
(The Ontological Loop)

An older, famous musician
is composing a symphony.

2
vy Q
Atime traveler from \ ‘

the future arrives
_5\4 and gives the
musician a book of \
their own completed \
sheet music, which &
they hadn't written yet.

The musician copies the
music from the book

and publishes it as their \t

own.

The music becomes g {
famous, and a young

time traveler in the future
buys the book.

- The young trme traveler
gets into a time
machrne with the book.

- Theyarrive inthe past _ -~
and give the book to the

older musician,
« completing the circle.

e§\: : ‘ =
. R

The information has no origin. It
exists without ever being created.

Where did the music come fr‘?

Time travel doesn't just break physics; it breaks logic.



UNANSWERED QUESTIONS:
\ TIMEKEEPING IN THE UNIVERSE

Time, once thought constant, is revealed as warped and relative on a cosmic
scale. Physics finds itself at an impasse, and the rigors of space travel

compound the enigma of its measurement.
LICT (QUANTUM

?ﬁg § 1. THE FUNDAMENTAL CONFE
° LS
/) ° FIXEDBACKGROUND oSN

vs. COSMIC) ¢
7

RS

\\\ == ///

MALLEABLE

THE QUES

| How can these incompatible views

QUANTUM MECHANICS:
| be reconciled? Is time fundamental |

[:
Time as an absolute, universal parameter. | | € fun
A fixed stage for events. k. or an emergent illusion?

THE OBSERVATION:
Time flows in one direction.
Entropy (disorder) increases.

o
GENERAL RELATIVITY:
Time as flexible, interwoven with
space. Warped by gravity & speed.

FUTURE:
| DISORDER

THE PHYSICS:

Microscopic laws are time-symmetric.

They work forward and backward. é

THE QUESTION:
What drives this one-way flow?
Why did the universe begin in
such a low-entropy state?

,,a/%
354 £ >
| B
\ [rrnussETENSION] \
I\ = § |
THE HUBBLE TENSION i BLACK HOLES:

Do we understand the universe’s
| timeline and time’s behavior under
extreme gravity?

Measuring the universe’s expansion
rate gives different ages.
How old is it, precisely?

At the event horizon, time
dilation is infinite. What
happens to time *inside*?

THE QUESTION: 1
How would an interstellar civilization
blish a unified timekeepi ?

EARTH CYCLES ARE LOCAL:

3 Days & years are useless in space.
|| Pulsars & atoms are better, but not perfect

| Relativity means there is no
shared “now” across the cosmos.
Time passes differently for everyone.

z : newspaceeconomy.ca ﬁ




Section 4: Quantum
Questions and Time
Travel

7 infographics

These concluding subject items move from quantum
and philosophical questions about time into scientific
hypotheses, fictional constructions, paradoxes, and
unresolved universal questions.



| QUANTUM MECHANICS & THE ENIGMA OF TIME |

THE CLASSICAL VS. QUANTUM CONFLICT :
GENERAL RELATIVITY / QUANTUM MECHANICS

(Flexible Time) (Absolute Time Parameter)

r

7

FUNDAMENTAL
—  MISMATCH

Time is often treated as a fixed, external backgrouhd parameter.

Time is dynamic, malleable by gravity and speed.
A universal clock for all observers.

A fabric interwoven with space.

J

T (QUANTUM WEIRDNESS & TEMPORAL ANOMALIES \§ AR
f SUPERPOSITION IN TIME ENTANGLEMENT & NON-LOCALITY ]?’/,

L Path A (1)

J Path B (12)

A quantum s¥.§tem'can exist in multiple temporal states Instantaneous correlation between entangled particles
or histories at once until measured. regardless of distance challenges our intuitive linear causal timeline. | .

N :
\ THE ARROW OF TIME CONUNDRUM

)y
AX 28 ZE >y =82

e & =i REVERSE FORWARD
(Quantum Laws allow) OBSERVATION / INTERACTION (Macroscopic Experience)

Measurement and interaction may 'select’ a forward direction, creating the

L irreversible flow we experience from symmetric quantum laws.
v

[ % . TOWARDS QUANTUM GRAVITY & EMERGENT TIME
) Y =

TIMELESS Q.UANTUM FOAM : . H\D‘ =) < o Time could be an emergent property arising
At the smallest scales, time may not be fundamental, 3 from the complex web of quantum correlations
but a tapestry of timeless interactions. (Wheeler-DeWitt) and causal relationships.

PROBING THE BOUNDARY: QUANTUM CLOCKS

=  UPPERPATH o
/'[D—> \

\  (Weaker Gravity)
Exreriments with atoms in superposition
along paths with different gravitational

: (%2!!5&?522;) potentials test how gravity affects the

L flow of time at the quantum level, :
newspaceeconomy.ca ‘ l




IS TIME LINEAR?

Exploring Perspectives from Physics, Culture, and Perception

A multi-faceted journey through the concepts of time's arrow, cycles, relativity, and the human mind.

1. THE LINEAR VIEW
(The Arrow of Time)

. e
PAST = (@%-»

PHYSICS: ENTROPY & DISORDER

< Second Law of Thermodynamics: .
Systems tend toward disorder.
- Thiscreates an irreversible 'arrow' - —p
SNy from order to chaos. Stone Age Industrial Age Digital Age

- Western & modern views often see time as a
KEY CONCEPT: Time is seen as a one-way, irreversible | straight line of progress, measured precisely
flow from a fixed past to an open future. for productivity. Cause precedes effect.
2. THE CYCLICAL VIEW
(The Wheel of Time) SI(’BRIhN)G S}JMMISR
g irtl Growt!
NATURE’S RHYTHMS ANCIENT & NON-WESTERN

CULTURES
g
/'1. P~

- ‘z ‘+Z
— ZZ
X o9 r'd
— WINTER

Biological and environmental cycles  (Dormancy/Death) (Harvest) Many traditions view time as infinite,
(day/night, seasons) reinforce a sense repeating ages of creation and

of repetition and renewal. = - = —  destruction. Events are emphasized
v KEY CONCEPT: Time is perceived as an eternal, repeating over strict scheduleg.

{ | cycle of renewal, where the end is a new beginning. | 5)

AUTUMN

" 3. THE RELATIVE & BIZARRE VIEW //
(Physics & Spacetime)

= e —— — EINSTEIN S RELATl\{lTY: . '/’ [
1 Time is not absolute. Itis a \ > |
" % dimeniion (;pacetime) thaé - o [
, Ve warps based on gravity an ’\ HIGH SPEED
glﬁf\\ﬂﬁ ’ speed (Time Dilation). e /

.~ SOURCE
THE BLOCK UNIVERSE (Eternalism)

Past, present, and future may all co-exist equally
in a four-dimensional reality. The ‘flow’ of time

5 iy b PRESENT
is anillusion of consciousness. SLICE

. ( KEY CONCEPT:
Time is malleable and relative to the observer's |
frame of reference, not a universal constant. |

y N
4, THE SUBJECTIVE EXPERIENCE
(Perception & Mind)
NEUROSCIENCE OF PERCEPTION PSYCHOLOGICAL TIME
(Kairos vs. Chronos)
Memory bbb [R—
ion —afl TIME fI2= - b
Attention :: c;rnlmucr oS ] )
3 CHRONOS KAIROS
Emotion Tret (Measured Time) (Felt/Qualitative Time)
The brain has no single ‘time sensor’. ime fl KEY CONCEPT: Time flies when having fun, drags when
It constructs the feeling of duration and ;"“e.l °.‘”ﬂ'5 a ‘:‘;%“l')""e C°"5|‘"‘°"' bored. Our internal experience rarely
flow from various cognitive processes. cuivipiiucpes byimentalsiate matches the clock.
\ and biological factors. )

CONCLUSION: IS TIME LINEAR?
The answer is complex. While practical life and thermodynamics suggest linearity, physics reveals it as relative,

nature shows it as cyclical, and our minds construct it subjectively. Time is likely a multi-layered phenomenonl

newspaceeconomy.ca



CHRONOSCAPES: SCIENTIFIC HYPOTHESES OF TIME TRAVEL

FORWARD TIME TRAVEL (TIME DILATION)

VELOCITY TIME DILATION
c

I =
=%

Approaching ‘c” slows internal time
relative to stationary observers.

GRAVITATIONAL TIME DILATION

% )

Strong gravity slows time's passage.

THE FUTURE
IS ACCESSIBLE
(Theoretically)

BACKWARD TIME TRAVEL: THEORETICAL MECHANISMS & CHALLENGES

WORMHOLES
(EINSTEIN-ROSEN BRIDGES)

=

|

Hypothetical tunnels linking disparate
regions of spacetime.
Requires “Exotic Matter” (ne%ative energy)
to remain traversable.
Could potentially connect different times.

COSMIC STRINGS

Hypothetical 1D toFologicaI defects
from the early universe.

Infinite densitr could warf spacetime
[

sufficiently to allow closed loops into the
past.

CLOSED TIMELIKE CURVES (CTCs)
& TIPLER CYLINDERS

Paths through spacetime that return to
their starting event in space and time.

Theoretically Eossibie near rapidly rotating,
massive objects (e.g, rotating black
holes or infinite cylinders).

PARADOXES & CAUSALITY VIOLATIONS

GRANDFATHER PARADOX

Preventing one's own existence by altering the
past. Prevents the time travel from happening.

BOOTSTRAP PARADOX
(CAUSAL LoOP)

—N—
- Lot
Information or object exists without a created
source, trapped in an endless cycle.

PROPOSED RESOLUTIONS

7

MULTIVERSE / MANY-WORLDS INTERPRETATION

b

&

>

N

NOVIKOV SELF-CONSISTENCY PRINCIPLE

Altering the past creates a new, divergent timeline.
The original future remains intact in its own universe.

.
Ll

e
-,

The past is immutable. Any action taken by a time traveler

was always part of history; contradictions cannot occur|

newspaceeconomy.ca



THE STACKED FICTION OF

TIME TRAVEL

Which set of rules is your story playing by?

/8

TOP FLOOR:
MODEL 1- THE CLOSED LOOP ||
“What happened, happened;}

You cannot change the past.
Your attempt...
causes the present.

MIDDLE FLOOR: |
MODEL 2 - THE OVERWRITE
(“The Ripple Effect.”) |

There is only one 'true’ present.
Changing the past alters the
future instantl

X-Men:

= =i i
Days of Future Past

BOTTOM FLOOR: Wi
MODEL 3 - THE MULTIVERSE |
("You can't change your past.”)
BT |
R Siaitenia Yoo onaiall.
e g?egent rema%(r'ls untoucghed.

Y

o
mples:
 Avengers: Endgame

. Star Trek (2009) |
(| Dragdn Ball Zj :

TIMELINE B
(Prime). |11} (Alternate) \
[] | \

Which set of rules is your story playing by?



PARADOXES: .

Unraveling the Knots of Causality
& Temporal Contradictions

An apparent or actual logical contradiction associated with the idea of \% ‘ )“k, ;
travelmg backwards in time, often defying the rules of causality.

% WHAT IS A TIME TRAVEL PARADOX?

THE GRANDFATHER PARADOX )
(Consistency Paradox)

Concept: Traveling to the past
and preventing your own
existence (e.g., killing an
ancestor).

The Contradiction: If you
prevent your birth, you cannot
exist to travel back and commit
the act. Therefore, the act
cannot happen. Reality breaks.

THE BOOTSTRAP PARADOX

» (Ontological Paradox / Information Loop

Concept: An object,
information, or person
exists without a clear
origin, trapped in an
endless causal loop.

Where did it begin?
The Object has no
true creator.

THE PREDESTINATION PARADOX h
(Causal Loop) J

Concept: Actions taken to
change the past ultimately
cause the very event the
traveler intended to prevent.

History is fixed; your attempt
to change it is part of
established history.

= THE GREAT FIRE EVENT

’ (RELATED CONCEPTS & PROPOSED SOLUTIONS

BUTTERFLY EFFECT MULTIVERSE / ALTERNATE TIMELINES ~ NOVIKOV SELF- CONSISTENCY PRINCIPLE

CHANGE - =

POINT

Small past changes have massive, Changing the past creates a new, separate  The laws of physics prevent any action that

unpredictable future consequences. reality branch, avoiding contradictions in would create a paradox. The probability of a
l the original timeline. paradox-inducing event is zero.

N
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