COSMIC TIME SCALES

THE VASTNESS OF EXISTENCE STRETCHES ACROSS UNIMAGINABLE DURATIONS, RENDERING OUR HUMAN LIFESPANS INFINITESIMALLY
SMALL IN COMPARISON. UNDERSTANDING THESE COSMIC TIME SCALES IS CRUCIAL FOR COMPREHENDING OUR PLACE IN THE
UNIVERSE AND THE GRAND EVOLUTIONARY NARRATIVES THAT HAVE SHAPED EVERYTHING WE OBSERVE. FROM THE FLEETING
EXISTENCE OF SUBATOMIC PARTICLES TO THE EONS-LONG JOURNEYS OF GALAXIES, TIME OPERATES ON VASTLY DIFFERENT
SCALES. THIS ARTICLE WILL DELVE INTO THE PROFOUND CONCEPT OF COSMIC TIME, EXPLORING ITS MEASUREMENT, KEY EPOCHS,
AND THE FASCINATING PROCESSES THAT UNFOLD ACROSS BILLIONS OF YEARS. WE WILL EXAMINE THE FUNDAMENTAL UNITS
ASTRONOMERS USE, THE BIRTH AND DEATH OF STARS, THE EVOLUTION OF GALAXIES, AND THE ULTIMATE FATE OF THE COSMOS
ITSELF, PROVIDING A COMPREHENSIVE OVERVIEW OF TEMPORAL DIMENSIONS THAT DWARF OUR EVERYDAY EXPERIENCES.
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UNDERSTANDING CosMIC TIME SCALES

W/HEN WE TALK ABOUT TIME, OUR IMMEDIATE FRAME OF REFERENCE IS USUALLY OUR OWN LIVES, OR PERHAPS THE HISTORY OF
HUMAN CIVILIZATION. BUT THE UNIVERSE OPERATES ON A CLOCK THAT TICKS FAR, FAR SLOWER, AND SOMETIMES FAR, FAR
FASTER, THAN ANYTHING WE CAN DIRECTLY PERCEIVE. EXPLORING COSMIC TIME SCALES FORCES US TO CONFRONT THE SHEER
IMMENSITY OF EXISTENCE. |T’S LIKE TRYING TO GRASP THE ENTIRETY OF HUMAN HISTORY BY LOOKING AT JUST ONE DAY, OR
CONVERSELY, UNDERSTANDING A SINGLE SECOND BY TRYING TO PERCEIVE THE ENTIRE LIFESPAN OF A MOUNTAIN RANGE. THESE
SCALES ARE NOT JUST ABSTRACT NUMBERS; THEY ARE THE BACKDROPS AGAINST WHICH THE MOST PROFOUND EVENTS IN THE
UNIVERSE HAVE UNFOLDED.

THE CONCEPT OF COSMIC TIME CHALLENGES OUR INTUITION. W/E ARE USED TO THINKING IN TERMS OF HOURS, DAYS, YEARS, AND
MILLENNIA. BUT IN COSMOLOGY, WE ROUTINELY DEAL WITH MILLIONS, BILLIONS, AND EVEN TRILLIONS OF YEARS. THESE VAST
PERIODS ARE NECESSARY TO DESCRIBE THE FORMATION OF THE FIRST ATOMS, THE BIRTH OF STARS, THE ASSEMBLY OF GALAXIES,
AND THE EVOLUTION OF THE UNIVERSE FROM ITS FIERY BEGINNINGS TO ITS CURRENT, SPRAWLING STATE. W 1THoUT
APPRECIATING THESE IMMENSE DURATIONS, IT'S IMPOSSIBLE TO TRULY GRASP THE SCIENTIFIC MODELS THAT EXPLAIN OUR
COSMOS.

MEASURING THE IMMEASURABLE: ASTRONOMICAL UNITS OF TIME

TO NAVIGATE THE LABYRINTHINE EXPANSE OF COSMIC TIME, ASTRONOMERS RELY ON PRECISE UNITS AND A DEEP UNDERSTANDING
OF PHYSICAL PROCESSES. THESE UNITS ARE CALIBRATED AGAINST FUNDAMENTAL CONSTANTS AND OBSERVABLE PHENOMENA,
ALLOWING US TO QUANTIFY EVENTS THAT SPAN INCOMPREHENSIBLE LENGTHS OF TIME. IT's NOT JUST ABOUT COUNTING
SECONDS,; IT'S ABOUT UNDERSTANDING THE RATE AT WHICH COSMIC PROCESSES OCCUR.

THE PLANCK TIME: THE INFINITESIMAL BEGINNING

AT THE VERY EARLIEST MOMENTS OF THE UNIVERSE, TIME ITSELF IS THOUGHT TO HAVE BEHAVED VERY DIFFERENTLY. THe PLANCK
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TIME, APPROXIMATELY 10 SECONDS, IS THE SMALLEST MEANINGFUL UNIT OF TIME IN OUR CURRENT UNDERSTANDING OF

PHYSICS. |T IS THE TIME IT WOULD TAKE FOR A PHOTON TRAVELING AT THE SPEED OF LIGHT TO CROSS A PLANCK LENGTH.



BeFORE THE PLANCK EPOCH, OUR CURRENT THEORIES OF PHYSICS BREAK DOWN, MAKING IT A FRONTIER OF SCIENTIFIC INQUIRY
INTO THE NATURE OF TIME AND SPACE AT THEIR MOST FUNDAMENTAL LEVELS.

THe AGE oF THE UNIVERSE: A 13.8 BILLION YEAR JOURNEY

THE MOST COMMONLY CITED MEASURE OF COSMIC TIME IS THE AGE OF THE UNIVERSE, ESTIMATED TO BE AROUND 13.8 BILLION
YEARS. THIS NUMBER IS DERIVED FROM METICULOUS MEASUREMENTS OF THE COSMIC MICROW AVE BACKGROUND RADIATION AND
THE EXPANSION RATE OF THE UNIVERSE. |T REPRESENTS THE TIME ELAPSED SINCE THE BIG BANG, THE EVENT THAT MARKED THE
BEGINNING OF SPACE AND TIME AS WE KNOW IT. THIS IS A PIVOTAL NUMBER, SERVING AS A YARDSTICK AGAINST WHICH ALL
SUBSEQUENT COSMIC EVENTS ARE MEASURED.

STELLAR LIFETIMES: FROM MILLIONS TO TRILLIONS OF YEARS

THE LIFESPAN OF STARS VARIES DRAMATICALLY DEPENDING ON THEIR MASS. MASSIVE STARS, WHICH BURN THROUGH THEIR FUEL
AT AN ASTONISHING RATE, LIVE FOR ONLY A FEW MILLION YEARS. IN CONTRAST, SMALLER, RED DWARF STARS CAN BURN THEIR
FUEL SO EFFICIENTLY THAT THEY ARE PREDICTED TO LAST FOR TRILLIONS OF YEARS, FAR LONGER THAN THE CURRENT AGE OF THE
UNIVERSE. THIS VAST RANGE HIGHLIGHTS HOW STELLAR EVOLUTION IS INTIMATELY TIED TO THE FUNDAMENTAL FORCES AND
MASSES INVOLVED, PLAYING OUT OVER A BROAD SPECTRUM OF COSMIC TIME.

GALACTIC ROTATIONS AND COLLISIONS: EONS OF INTERACTION

GALAXIES ARE NOT STATIC ENTITIES, THEY ARE DYNAMIC SYSTEMS THAT ROTATE AND INTERACT OVER IMMENSE TIMESCALES. A
SPIRAL GALAXY LIKE OUR OWN MILKY W AY COMPLETES A ROTATION IN APPROXIMATELY 200 MILLION YEARS. GALACTIC
COLLISIONS, WHILE RARE ON A HUMAN SCALE, ARE COMMON OVER COSMIC HISTORY, WITH GALAXIES MERGING AND RESHAPING
EACH OTHER OVER BILLIONS OF YEARS. THESE SLOW, MAJESTIC DANCES ARE A TESTAMENT TO THE ENDURING POWER OF
GRAVITY AND THE VASTNESS OF COSMIC TIME.

THE BEGINNING OF EVERYTHING: THE BIG BANG AND EARLY UNIVERSE

THE NARRATIVE OF COSMIC TIME SCALES INEVITABLY BEGINS WITH THE BiG BANG. THIS WASN'T AN EXPLOSION IN SPACE, BUT
RATHER AN EXPANSION OF SPACE ITSELF, FROM AN INCREDIBLY HOT, DENSE STATE. THE IMMEDIATE AFTERMATH SAW THE
UNIVERSE EXPAND AND COOL, LEADING TO THE FORMATION OF FUNDAMENTAL PARTICLES AND THEN THE FIRST ATOMS.

THE FIrsT FEW MINUTES: NUCLEOSYNTHESIS AND THE FORMATION OF LIGHT ELEMENTS

IN THE FIRST FEW MINUTES AFTER THE BIG BANG, THE UNIVERSE WAS HOT AND DENSE ENOUGH FOR NUCLEAR FUSION TO OCCUR.
THis PERIOD, KNOWN AS Bic BAanG NUCLEOSYNTHESIS, FORGED THE MAJORITY OF THE UNIVERSE'S HELIUM AND TRACE AMOUNTS
OF LITHIUM. THE RELATIVE ABUNDANCES OF THESE LIGHT ELEMENTS ARE A CRITICAL PIECE OF EVIDENCE SUPPORTING THE BIG
BANG MODEL AND PROVIDE A SNAPSHOT OF THE UNIVERSE'S STATE DURING THIS NASCENT PHASE. THIS ERA, THOUGH BRIEF BY
COSMIC STANDARDS, LAID THE CHEMICAL FOUNDATION FOR EVERYTHING THAT WOULD FOLLOW.

THe ERA oF RecoMBINATION: THE UNIVERSE BECOMES TRANSPARENT

FOR THE FIRST FEW HUNDRED THOUSAND YEARS, THE UNIVERSE WAS AN OPAQUE PLASMA OF CHARGED PARTICLES. AS IT
CONTINUED TO EXPAND AND COOL, ELECTRONS AND PROTONS EVENTUALLY COMBINED TO FORM NEUTRAL ATOMS. THIS EVENT,
CALLED RECOMBINATION, OCCURRED ABOUT 380,000 YEARS AFTER THE BIG BANG. W/ITH NEUTRAL ATOMS, PHOTONS COULD
TRAVEL FREELY FOR THE FIRST TIME, AND THIS ANCIENT LIGHT IS WHAT WE OBSERVE TODAY AS THE COSMIC MICROWAVE
BACKGROUND RADIATION, A FAINT AFTERGLOW OF THE BIG BANG THAT PERMEATES THE ENTIRE SKY. THIS MARKED A CRUCIAL
TRANSITION IN THE UNIVERSE'S OBSERVABLE HISTORY.



THe DARk AGES AND THE FIRST STARS: LIGHTING UP THE CosMos

FoLLowING RECOMBINATION, THE UNIVERSE ENTERED A PERIOD KNOWN AS THE “DARk AGES,” DEVOID OF ANY SIGNIFICANT LIGHT
SOURCES. HO\X/EVEE, OVER HUNDREDS OF MILLIONS OF YEARS, GRAVITY BEGAN TO PULL TOGETHER VAST CLOUDS OF HYDROGEN
AND HELIUM GAS. EVENTUALLY, THESE CLOUDS BECAME DENSE AND HOT ENOUGH TO IGNITE NUCLEAR FUSION, FORMING THE FIRST
STARS. THESE EARLY STARS WERE LIKELY MUCH MORE MASSIVE AND HOTTER THAN STARS TODAY, AND THEIR ULTRAVIOLET
RADIATION PLAYED A CRUCIAL ROLE IN REIONIZING THE NEUTRAL HYDROGEN IN THE UNIVERSE, ENDING THE DARK AGES AND PAVING
THE WAY FOR THE FORMATION OF GALAXIES.

STELLAR LIFECYCLES: FROM BIRTH TO SUPERNOVA

STARS ARE THE COSMIC FURNACES, RESPONSIBLE FOR CREATING MANY OF THE ELEMENTS HEAVIER THAN HYDROGEN AND HELIUM.
THEIR LIVES, THOUGH SEEMINGLY ETERNAL TO US, ARE FINITE AND PLAY OUT OVER A VAST RANGE OF COSMIC TIME SCALES,
FROM MILLIONS TO TRILLIONS OF YEARS. UNDERSTANDING STELLAR EVOLUTION IS KEY TO UNDERSTANDING GALACTIC
EVOLUTION AND THE ORIGIN OF THE ELEMENTS THAT MAKE UP PLANETS AND LIFE ITSELF.

STAR FORMATION: NEBULAE TO PROTOSTARS

STARS ARE BORN WITHIN VAST, COLD CLOUDS OF GAS AND DUST CALLED NEBULAE. OVER IMMENSE PERIODS, GRAVITY CAUSES
THESE CLOUDS TO FRAGMENT AND COLLAPSE. AS A CLUMP OF GAS AND DUST CONTRACTS, ITS CORE BECOMES DENSER AND
HOTTER, FORMING A PROTOSTAR. THIS PROCESS CAN TAKE TENS OF MILLIONS OF YEARS FOR THE MOST MASSIVE STARS, A BLINK
OF AN EYE IN THE GRAND COSMIC CALENDAR. THE GRAVITATIONAL COLLAPSE IS A SLOW, INEXORABLE FORCE THAT SETS THE
STAGE FOR STELLAR IGNITION.

MAIN SEQUENCE STARS: THE LONG, STABLE BURN

ONCE THE CORE OF A PROTOSTAR REACHES A CRITICAL TEMPERATURE AND DENSITY, NUCLEAR FUSION BEGINS, PRIMARILY
CONVERTING HYDROGEN INTO HELIUM. THIS MARKS THE BIRTH OF A MAIN-SEQUENCE STAR. OUR SUN IS A MAIN-SEQUENCE STAR,
AND IT HAS BEEN IN THIS PHASE FOR ABOUT 4.6 BILLION YEARS, WITH AN EXPECTED TENURE OF AROUND 10 BILLION YEARS IN
TOTAL. SMALLER STARS CAN REMAIN ON THE MAIN SEQUENCE FOR TRILLIONS OF YEARS, WHILE MORE MASSIVE STARS EXHAUST
THEIR FUEL MUCH FASTER, LIVING FOR ONLY A FEW MILLION YEARS. THIS IS THE LONGEST AND MOST STABLE PHASE OF A STAR'S
LIFE.

THe END oF THE LINE: WHITE DWARFS, NEUTRON STARS, AND BLACK HOLES

THE FATE OF A STAR AFTER IT LEAVES THE MAIN SEQUENCE DEPENDS ON ITS INITIAL MASS. LOW TO INTERMEDIATE-MASS STARS,
LIKE OUR SUN, WILL EVENTUALLY SHED THEIR OUTER LAYERS TO FORM A PLANETARY NEBULA AND LEAVE BEHIND A DENSE, HOT
CORE CALLED A WHITE DWARF. THESE WHITE DWARFS SLOWLY COOL OVER BILLIONS OF YEARS, EVENTUALLY BECOMING COLD,
DARK BLACK DWARFS. MORE MASSIVE STARS END THEIR LIVES IN SPECTACULAR SUPERNOV A EXPLOSIONS, LEAVING BEHIND EITHER
A NEUTRON STAR OR, IF THE STAR IS EXCEPTIONALLY MASSIVE, A BLACK HOLE. THESE REMNANTS ARE THE DENSE, EXOTIC END~
PRODUCTS OF STELLAR EVOLUTION, REPRESENTING FINAL STATES ON COSMIC TIME SCALES.

SUPERNOVAE: CosMIC RECYCLING AND ELEMENT FACTORIES

SUPERNOVAE ARE NOT JUST COSMIC FIREWORKS; THEY ARE CRUCIAL EVENTS IN THE UNIVERSE'S CYCLE OF MATTER. THESE
EXPLOSIONS DISPERSE HEAVY ELEMENTS, SYNTHESIZED WITHIN THE STAR OR DURING THE EXPLOSION ITSELF, INTO INTERSTELLAR
SPACE. THESE ENRICHED MATERIALS THEN BECOME THE BUILDING BLOCKS FOR NEW STARS, PLANETS, AND POTENTIALLY LIFE. THE
CYCLE OF STAR BIRTH, LIFE, AND DEATH, PUNCTUATED BY SUPERNOVAE, IS A FUNDAMENTAL PROCESS THAT SHAPES THE
COMPOSITION OF GALAXIES OVER BILLIONS OF YEARS.



GALACTIC EvoLuTION: A BiLLIONS-YEAR DANCE

GALAXIES ARE NOT SOLITARY ISLANDS IN THE COSMOS;, THEY ARE DYNAMIC, EVOLVING SYSTEMS THAT INTERACT AND CHANGE
OVER IMMENSE COSMIC TIME SCALES. THEIR FORMATION, GROWTH, AND EVENTUAL MERGERS ARE A TESTAMENT TO THE LONG-
TERM INFLUENCE OF GRAVITY AND THE DISTRIBUTION OF MATTER IN THE UNIVERSE.

THE FORMATION OF THE FIRST GALAXIES: SEEDS OF STRUCTURE

THE FIRST GALAXIES BEGAN TO FORM A FEW HUNDRED MILLION YEARS AFTER THE BIG BANG. THESE EARLY GALAXIES WERE LIKELY
MUCH SMALLER AND MORE IRREGULAR THAN THE GRAND SPIRALS AND ELLIPTICALS WE SEE TODAY. THEY FORMED FROM THE
GRAVITATIONAL COLLAPSE OF PRIMORDIAL GAS CLOUDS WITHIN THE SLIGHTLY DENSER REGIONS OF THE EARLY UNIVERSE. THESE
NASCENT GALAXIES WERE THE BUILDING BLOCKS OF THE COSMIC WEB, THE LARGE-SCALE STRUCTURE OF THE UNIVERSE.

GALACTIC MERGERS AND EvoLuTION: A CosMIc BALLET

OVER BILLIONS OF YEARS, GALAXIES INTERACT AND MERGE. SMALLER GALAXIES ARE OFTEN ACCRETED BY LARGER ONES,
CONTRIBUTING TO THEIR GROWTH AND SHAPING THEIR STRUCTURE. MAJOR MERGERS, WHERE GALAXIES OF COMPARABLE SIZE
COLLIDE, CAN DRAMATICALLY TRANSFORM THEIR SHAPES, OFTEN LEADING TO THE FORMATION OF ELLIPTICAL GALAXIES FROM
SPIRAL PRECURSORS. THESE MERGERS ARE VIOLENT BUT ESSENTIAL PROCESSES THAT DRIVE GALACTIC EVOLUTION. OUR OWN
MiLkY W/ AY IS ON A COLLISION COURSE WITH THE ANDROMEDA GALAXY, AN EVENT PREDICTED TO OCCUR IN ABOUT 4.5
BILLION YEARS.

THe RoLE oF SUPERMASSIVE BLACK HoOLES: GALACTIC ENGINES

AT THE CENTER OF MOST LARGE GALAXIES LIES A SUPERMASSIVE BLACK HOLE. THESE BEHEMOTHS PLAY A SIGNIFICANT ROLE IN
GALACTIC EVOLUTION, INFLUENCING STAR FORMATION RATES AND THE OVERALL DYNAMICS OF THE GALAXY. W/HEN MATERIAL
FALLS INTO THESE BLACK HOLES, THEY CAN BECOME ACTIVE GALACTIC NUCLEI OR QUASARS, RELEASING ENORMOUS AMOUNTS
OF ENERGY THAT CAN EITHER FUEL OR QUENCH STAR FORMATION WITHIN THE HOST GALAXY. THIS FEEDBACK LOOP OPERATES ON
COSMIC TIME SCALES, SHAPING THE LIFE STORY OF GALAXIES.

THe GRAND ScALE oF GEoLoalcAL TIME

W/HILE ASTRONOMY DEALS WITH THE IMMENSE SPANS OF COSMIC HISTORY, THE STUDY OF EARTH AND ITS HISTORY, GEOLOGY,
ALSO GRAPPLES WITH TIMESCALES THAT ARE VAST COMPARED TO HUMAN EXPERIENCE. UUNDERSTANDING GEOLOGICAL TIME IS
ESSENTIAL FOR PIECING TOGETHER THE HISTORY OF OUR PLANET AND THE EVOLUTION OF LIFE UPON IT.

RADIOMETRIC DATING: UNLOCKING EARTH'S PAST

GEOLOGISTS USE RADIOMETRIC DATING TECHNIQUES, WHICH RELY ON THE PREDICTABLE DECAY OF RADIOACTIVE ISOTOPES, TO
DETERMINE THE AGES OF ROCKS AND FOSSILS. THIS ALLOWS THEM TO ESTABLISH A TIMELINE OF EARTH'S HISTORY, FROM THE
FORMATION OF THE PLANET ITSELF ABOUT 4.5 BILLION YEARS AGO TO THE PRESENT DAY. THESE PRECISE MEASUREMENTS
ALLOW US TO CORRELATE EVENTS ACROSS DIFFERENT ROCK LAYERS AND CONTINENTS, PROVIDING A DETAILED CHRONICLE OF
EARTH'S DEVELOPMENT.

EpocHs oF EARTH's HisTorY: FRoM THE HADEAN To THE HOLOCENE

EARTH’S HISTORY IS DIVIDED INTO MAJOR EONS, ERAS, PERIODS, AND EPOCHS, EACH CHARACTERIZED BY DISTINCT GEOLOGICAL



AND BIOLOGICAL EVENTS. THE HADEAN EON (4.5 TO 4 BILLION YEARS AGO) SAW THE FORMATION OF EARTH AND ITS EARLY
CRUST. THE PHANEROZOIC EON (54 1 MILLION YEARS AGO TO PRESENT) IS FURTHER DIVIDED INTO THE PALEOZOIC, MESOZOIC,
AND CENOZOIC ERAS, EACH MARKED BY SIGNIFICANT SHIFTS IN LIFE FORMS, FROM THE CAMBRIAN EXPLOSION TO THE AGE OF
DINOSAURS AND THE RISE OF MAMMALS. EACH EPOCH REPRESENTS A CHAPTER IN OUR PLANET'S EPIC JOURNEY THROUGH COSMIC
TIME.

THE SLow MARCH OF EVOLUTION AND EXTINCTION

LIFE ON EARTH HAS EVOLVED OVER BILLIONS OF YEARS, WITH PERIODS OF RAPID DIVERSIFICATION PUNCTUATED BY MASS
EXTINCTION EVENTS. THE FOSSIL RECORD PROVIDES EVIDENCE OF THESE CHANGES, SHOWCASING THE SLOW, INCREMENTAL
PROCESSES OF EVOLUTION AND THE SUDDEN, CATASTROPHIC LOSSES OF BIODIVERSITY. THESE CYCLES OF LIFE AND EXTINCTION
ARE INTRINSICALLY LINKED TO THE GEOLOGICAL AND ENVIRONMENTAL CONDITIONS OF THE PLANET, WHICH IN TURN ARE
INFLUENCED BY THE BROADER COSMIC ENVIRONMENT AND COSMIC TIME SCALES.

THE CONTEMPLATION OF COSMIC TIME SCALES IS NOT JUST AN ACADEMIC EXERCISE, IT IS A FUNDAMENTAL PART OF
UNDERSTANDING OUR UNIVERSE AND OUR PLACE WITHIN IT. FROM THE FLEETING MOMENTS OF THE PLANCK EPOCH TO THE SLOW,
INEXORABLE MARCH OF GALACTIC EVOLUTION AND THE DEEP HISTORY OF OUR OWN PLANET, TIME UNFOLDS ON A SPECTRUM OF
MAGNITUDES THAT DWARF OUR EVERYDAY PERCEPTIONS. THESE VAST DURATIONS ALLOW FOR THE COMPLEX PROCESSES OF
STELLAR BIRTH AND DEATH, THE FORMATION AND TRANSFORMATION OF GALAXIES, AND THE INTRICATE TAPESTRY OF LIFE ON
EARTH TO UNFOLD. AS WE CONTINUE TO EXPLORE THE COSMOS, OUR APPRECIATION FOR THESE GRAND TIMESCALES WILL ONLY
DEEPEN, REMINDING US OF THE IMMENSE JOURNEY THAT HAS LED TO THIS VERY MOMENT.

Q: How DO SCIENTISTS MEASURE COSMIC TIME SCALES?

A: SCIENTISTS MEASURE COSMIC TIME SCALES USING A VARIETY OF SOPHISTICATED TECHNIQUES. FOR THE AGE OF THE
UNIVERSE, THEY ANALYZE THE COSMIC MICROWAVE BACKGROUND RADIATION, WHICH IS THE AFTERGLOW OF THE Big BANG, AND
MEASURE THE EXPANSION RATE OF THE UNIVERSE. FOR STELLAR LIFESPANS AND GEOLOGICAL AGES, THEY EMPLOY RADIOMETRIC
DATING, WHICH RELIES ON THE PREDICTABLE DECAY RATES OF RADIOACTIVE ISOTOPES FOUND IN STARS AND ROCKS. OBSERVING
THE REDSHIFT OF DISTANT GALAXIES ALSO PROVIDES INFORMATION ABOUT THEIR AGE AND THE EXPANSION OF THE UNIVERSE.

Q: WHAT IS THE SIGNIFICANCE OF THE PLANCK TIME?

A: THE PLANCK TIME, APPROXIMATELY 10-43 SECONDS, IS CONSIDERED THE SMALLEST THEORETICALLY MEANINGFUL UNIT OF
TIME IN OUR CURRENT UNDERSTANDING OF PHYSICS. |T REPRESENTS THE EARLIEST MOMENT IN THE UNIVERSE FOR WHICH OUR
CURRENT PHYSICAL THEORIES, LIKE GENERAL RELATIVITY AND QUANTUM MECHANICS, ARE THOUGHT TO APPLY. BeyonD THE
PLANCK EPOCH, THE CONDITIONS OF THE UNIVERSE WERE SO EXTREME THAT OUR ESTABLISHED MODELS BREAK DOWN, MAKING IT
A FRONTIER FOR THEORETICAL PHYSICS AND COSMOLOGY.

Q: HOoW LONG DO STARS LIVE ON AVERAGE?

A: STELLAR LIFESPANS VARY DRAMATICALLY BASED ON THEIR MASS. MASSIVE STARS, WHICH BURN THEIR NUCLEAR FUEL AT A
PRODIGIOUS RATE, MIGHT ONLY LIVE FOR A FEW MILLION YEARS. IN STARK CONTRAST, SMALLER, COOLER STARS LIKE RED
DWARFS ARE INCREDIBLY FUEL-EFFICIENT AND CAN SURVIVE FOR TRILLIONS OF YEARS, FAR LONGER THAN THE CURRENT AGE OF
THE UNIVERSE. OUR SUN/ A MEDIUM-SIZED STAR, HAS A LIFESPAN OF ABOUT 10 BILLION YEARS, HAVING ALREADY LIVED FOR
APPROXIMATELY 4.6 BILLION YEARS.

Q: WHAT IS THE ROLE OF SUPERNOVAE IN COSMIC TIME?

A: SUPERNOVAE ARE INCREDIBLY POWERFUL STELLAR EXPLOSIONS THAT MARK THE END OF LIFE FOR MASSIVE STARS. THEY ARE
CRUCIAL FOR COSMIC EVOLUTION BECAUSE THEY DISPERSE HEAVY ELEMENTS, SYNTHESIZED WITHIN THE STAR OR DURING THE
EXPLOSION ITSELF, INTO INTERSTELLAR SPACE. THesSE ELEMENTS, RANGING FROM CARBON AND OXYGEN TO IRON AND GOLD, SERVE



AS THE BUILDING BLOCKS FOR NEW STARS, PLANETS, AND ULTIMATELY, LIFE. SUPERNOVAE ARE THUS VITAL COSMIC RECYCLING
EVENTS THAT OCCUR OVER VAST COSMIC TIME SCALES.

QZ ARE GALAXIES STATIC OR DO THEY EVOLVE OVER COSMIC TIME?

A: GALAXIES ARE FAR FROM STATIC, THEY ARE DYNAMIC ENTITIES THAT EVOLVE SIGNIFICANTLY OVER BILLIONS OF YEARS. THEY
FORM FROM THE GRAVITATIONAL COLLAPSE OF GAS AND DUST IN THE EARLY UNIVERSE, GROW THROUGH ACCRETION AND
MERGERS WITH OTHER GALAXIES, AND THEIR STRUCTURES CAN BE DRAMATICALLY RESHAPED BY THESE INTERACTIONS. THE
SUPERMASSIVE BLACK HOLES AT THEIR CENTERS ALSO PLAY A ROLE IN REGULATING THEIR EVOLUTION. OBSERVING GALAXIES AT
DIFFERENT DISTANCES ALLOWS ASTRONOMERS TO WITNESS DIFFERENT STAGES OF GALACTIC EVOLUTION, ESSENTIALLY LOOKING
BACK IN TIME.

Q! How DO ASTRONOMERS STUDY EVENTS THAT HAPPENED BILLIONS OF YEARS AGO?

A: ASTRONOMERS STUDY DISTANT OBJECTS AND EVENTS BY OBSERVING THE LIGHT THEY EMIT. BECAUSE LIGHT TRAVELS AT A
FINITE SPEED, LIGHT FROM OBJECTS MILLIONS OR BILLIONS OF LIGHT-YEARS AWAY TAKES THAT SAME AMOUNT OF TIME TO REACH
us. THEREFOREI WHEN WE LOOK AT A GALAXY THAT IS 1 BILLION LIGHT-YEARS AWAY, WE ARE SEEING IT AS IT WAS 1 BILLION
YEARS AGO. THIS ALLOWS TELESCOPES TO ACT AS TIME MACHINES, PROVIDING US WITH A VIEW OF THE UNIVERSE'S PAST AND
ITS EVOLUTION ACROSS IMMENSE COSMIC TIME SCALES.
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