COSMOLOGICAL REDSHIFT REDSHIFT KNOWLEDGE

COSMOLOGICAL REDSHIFT REDSHIFT KNOWLEDGE IS A CORNERSTONE OF OUR UNDERSTANDING OF THE UNIVERSE'S EXPANSION AND
EVOLUTION. THIS ARTICLE DELVES DEEP INTO THE FASCINATING PHENOMENON OF COSMOLOGICAL REDSHIFT, EXPLORING ITS
FUNDAMENTAL PRINCIPLES, HISTORICAL DISCOVERY, AND ITS PROFOUND IMPLICATIONS FOR MODERN COSMOLOGY. WE wiLL
UNCOVER HOW LIGHT STRETCHING ACROSS VAST COSMIC DISTANCES PROVIDES IRREFUTABLE EVIDENCE FOR AN EXPANDING
UNIVERSE, ALLOWING US TO MEASURE DISTANCES TO GALAXIES AND PROBE THE UNIVERSE'S EARLY HISTORY. UNDERSTANDING
COSMOLOGICAL REDSHIFT IS CRUCIAL FOR COMPREHENDING THE BIG BANG THEORY, THE FORMATION OF LARGE-SCALE
STRUCTURES, AND THE ONGOING QUEST TO DECIPHER THE UNIVERSE'S ULTIMATE FATE. PREPARE TO EMBARK ON A JOURNEY
THROUGH THE COSMOS, ILLUMINATED BY THE SPECTRAL SHIFTS OF DISTANT GALAXIES.

TABLE oF CONTENTS

(UNDERSTANDING REDSHIFT

THeE NATURE oF COSMOLOGICAL REDSHIFT

HisTorICAL Discovery AND Key FIGURES

MeASURING CosMIC DISTANCES WITH REDSHIFT

REDSHIFT AND THE EXPANDING UNIVERSE

REDSHIFT BEYOND ExPANSION: OTHER T YPES OF REDSHIFT

THE SIGNIFICANCE OF REDSHIFT KNOWLEDGE IN MODERN COSMOLOGY
FUTURE ProSPECTS AND ONGOING RESEARCH

UNDERSTANDING REDSHIFT

AT ITS HEART, REDSHIFT REFERS TO THE PHENOMENON WHERE ELECTROMAGNETIC RADIATION, MOST COMMONLY LIGHT, IS SHIFTED
TOWARDS LONGER WAVELENGTHS. IMAGINE A SOUND WAVE FROM AN AMBULANCE SIREN. AS IT APPROACHES YOU, THE PITCH
SOUNDS HIGHER, AND AS IT MOVES AWAY, THE PITCH SOUNDS LOWER. THIS CHANGE IN FREQUENCY, OR WAVELENGTH, DUE TO
RELATIVE MOTION IS KNOWN AS THE DOPPLER EFFECT. IN ASTRONOMY, WE OBSERVE A SIMILAR EFFECT WITH LIGHT. \WHEN A
CELESTIAL OBJECT IS MOVING AWAY FROM US, THE LIGHT IT EMITS IS STRETCHED, CAUSING ITS WAVELENGTHS TO INCREASE, OR
"ReDDEN.” CONVERSELY, IF AN OBJECT IS MOVING TOWARDS US, ITS LIGHT IS COMPRESSED, LEADING TO SHORTER WAVELENGTHS
AND A “BLUESHIFT.”

THIS SPECTRAL SHIFT IS NOT JUST A THEORETICAL CURIOSITY;, IT'S A DIRECTLY OBSERVABLE AND MEASURABLE QUANTITY.
ASTRONOMERS ANALYZE THE LIGHT FROM STARS AND GALAXIES BY BREAKING IT DOWN INTO ITS CONSTITUENT WAVELENGTHS,
CREATING A SPECTRUM. W/ITHIN THESE SPECTRA, WE FIND CHARACTERISTIC PATTERNS OF ABSORPTION AND EMISSION LINES, LIKE
UNIQUE FINGERPRINTS OF DIFFERENT ELEMENTS. W/HEN WE OBSERVE THESE SPECTRAL LINES FROM DISTANT OBJECTS, WE OFTEN
FIND THEY ARE SHIFTED COMPARED TO THEIR KNOWN LABORATORY WAVELENGTHS. THIS SHIFT IS PRECISELY WHAT TELLS US
ABOUT THE OB_JECT/S RADIAL VELOCITY — ITS SPEED TOWARDS OR AWAY FROM US.

THE NATURE oF COSMOLOGICAL REDSHIFT

W/HILE THE DOPPLER EFFECT EXPLAINS REDSHIFT DUE TO THE MOTION OF AN OBJECT THROUGH SPACE, COSMOLOGICAL REDSHIFT
IS A DIFFERENT BEAST ALTOGETHER. IT'S NOT ABOUT GALAXIES HURTLING THROUGH A STATIC UNIVERSE. |NSTEAD,
COSMOLOGICAL REDSHIFT IS CAUSED BY THE EXPANSION OF SPACE ITSELF. THINK OF IT LIKE BAKING A RAISIN BREAD. AS THE
DOUGH BAKES AND EXPANDS, THE RAISINS (GALAXIES) MOVE FURTHER APART FROM EACH OTHER. THE LIGHT TRAVELING FROM A
DISTANT RAISIN TO YOUR EYE IS STRETCHED AS THE DOUGH BETWEEN THEM EXPANDS. | HE LONGER THE JOURNEY, THE MORE THE
DOUGH EXPANDS, AND THUS, THE MORE THE LIGHT IS STRETCHED.

THIS EXPANSION STRETCHES THE WAVELENGTHS OF LIGHT AS IT TRAVELS. SO/ A PHOTON EMITTED FROM A DISTANT GALAXY
MILLIONS OR BILLIONS OF YEARS AGO HAS TRAVELED THROUGH AN EVER-EXPANDING UNIVERSE. BY THE TIME IT REACHES OUR
TELESCOPES, ITS WAVELENGTH HAS BEEN STRETCHED SIGNIFICANTLY, MAKING IT APPEAR REDSHIFTED. THE AMOUNT OF REDSHIFT
IS DIRECTLY PROPORTIONAL TO THE AMOUNT OF EXPANSION THAT HAS OCCURRED SINCE THE LIGHT WAS EMITTED. THIS IS WHY



MORE DISTANT OBJECTS, WHICH HAVE HAD LIGHT TRAVELING FOR LONGER PERIODS THROUGH EXPANDING SPACE, EXHIBIT A
GREATER COSMOLOGICAL REDSHIFT.

INTERPRETING REDSHIFT VALUES: THE ‘2’ PARAMETER

ASTRONOMERS QUANTIFY COSMOLOGICAL REDSHIFT USING A PARAMETER DENOTED BY THE LETTER ‘Z'. IT's DEFINED AS THE
FRACTIONAL CHANGE IN WAVELENGTH: Z = (/\_OBSERVED - /\_EMITTED) / A_EMITTED. HERE, A_OBSERVED IS THE WAVELENGTH
OF LIGHT WE DETECT ON EARTH, AND A_EMITTED IS THE WAVELENGTH THE LIGHT HAD WHEN IT LEFT ITS SOURCE. A POSITIVE
VALUE OF 'z’ INDICATES A REDSHIFT (OBJECT MOVING A\X/AY), WHILE A NEGATIVE 'z’ WOULD INDICATE A BLUESHIFT (OBJECT
MOVING TOWARDS US, WHICH IS RARE ON COSMIC SCALES DUE TO EXPANSION)‘

FOR EXAMPLE, IF A PARTICULAR SPECTRAL LINE IS OBSERVED AT 600 NANOMETERS, BUT WE KNOW IT WAS EMITTED AT 500
NANOMETERS, THEN z = (600 - 500) / 500 = 100 / 500 = 0.2. THIS ‘2’ VALUE IS THEN DIRECTLY RELATED TO HOW MUCH
THE UNIVERSE HAS EXPANDED SINCE THE LIGHT WAS EMITTED. A HIGHER 'Z' CORRESPONDS TO GREATER EXPANSION AND AN
EARLIER EPOCH IN THE UNIVERSE'S HISTORY. THIS MAKES 'z’ AN INCREDIBLY POWERFUL TOOL FOR ASTRONOMERS.

HisToricAL DiscoverY AND KeY FIGURES

THE STORY OF COSMOLOGICAL REDSHIFT IS INTERTWINED WITH THE DEVELOPMENT OF MODERN ASTRONOMY AND PHYSICS.
W/HILE THE CONCEPT OF SPECTRAL SHIFTS HAD BEEN UNDERSTOOD THROUGH THE DOPPLER EFFECT, IT WAS VESTO SLIPHER IN
THE EARLY 20TH CENTURY WHO FIRST MADE GROUNDBREAKING OBSERVATIONS. HE WAS STUDYING THE SPECTRA OF “SPIRAL
NEBULAE” (\X/HICH WE NOW KNOW ARE GALAXIES) AND NOTICED THAT MOST OF THEM EXHIBITED A SIGNIFICANT REDSHIFT,
INDICATING THEY WERE MOVING AWAY FROM US AT REMARKABLE SPEEDS.

HoWwEVER, IT WAS EDWIN HUBBLE, BUILDING UPON SLIPHER'S WORK AND HIS OWN METICULOUS OBSERVATIONS, WHO MADE THE
DECISIVE CONNECTION. IN THE LATE 1920s, HUBBLE, ALONG WITH MILTON HUMASON, MEASURED THE DISTANCES TO MANY OF
THESE REDSHIFTED NEBULAE USING VARIABLE STARS (LIke CEPHEIDS) AS “STANDARD CANDLES.” \WHAT THEY DISCOVERED WAS
REVOLUTIONARY: THE FARTHER AWAY A GALAXY WAS, THE FASTER IT APPEARED TO BE RECEDING FROM US. THIS
OBSERVATION, NOW FAMOUSLY KNOWN AS HUBBLE'S LAW, PROVIDED THE FIRST STRONG EMPIRICAL EVIDENCE FOR A UNIFORMLY
EXPANDING UNIVERSE.

GEORGES LEMAP] TRE AND THE EXPANDING UNIVERSE

\X/HILE HUBBLE PROVIDED THE OBSERVATIONAL EVIDENCE, THE THEORETICAL FRAMEWORK FOR AN EXPANDING UNIVERSE WAS LAID
ouT BY GEORGES LEMAP] TRE, A BELGIAN PRIEST AND COSMOLOGIST. IN 1927, LEMAP] TRE PUBLISHED A PAPER (INITIALLY
OVERLOOKED) PROPOSING THAT THE UNIVERSE WAS EXPANDING AND THAT THE RECESSION OF GALAXIES WAS A CONSEQUENCE
OF THIS EXPANSION. HE ALSO DERIVED A RELATIONSHIP BETWEEN DISTANCE AND VELOCITY, REMARKABLY SIMILAR TO HUBBLE'S
LAw. LEMA[F] TRE'S WORK WAS ROOTED IN EINSTEIN'S THEORY OF GENERAL RELATIVITY, WHICH PREDICTED A DYNAMIC, NON-
STATIC UNIVERSE, A PREDICTION EINSTEIN HIMSELF INITIALLY RESISTED.

LEMAP] TRE'S “HYPOTHESIS OF THE PRIMEVAL ATOM” ALSO FORESHADOWED THE BIG BANG THEORY, SUGGESTING THAT THE
UNIVERSE ORIGINATED FROM AN EXTREMELY DENSE AND HOT STATE. THE COMBINED OBSERVATIONAL EVIDENCE OF REDSHIFT AND
THEORETICAL INSIGHTS INTO GENERAL RELATIVITY SOLIDIFIED THE CONCEPT OF AN EXPANDING UNIVERSE, FOREVER CHANGING OUR
COSMIC PERSPECTIVE.

MEASURING CosMIC DISTANCES WITH REDSHIFT



ONE OF THE MOST PROFOUND APPLICATIONS OF COSMOLOGICAL REDSHIFT KNOWLEDGE IS ITS USE AS A COSMIC DISTANCE
LADDER. BECAUSE oF HUBBLE'S |_A\X// THERE'S A DIRECT CORRELATION BETWEEN A GALAXY'S REDSHIFT AND ITS DISTANCE. THE
GREATER THE REDSHIFT (HIGHER 7 VALUE), THE FARTHER AWAY THE GALAXY IS, AND THE FASTER IT IS RECEDING DUE TO THE
EXPANSION OF SPACE.

THIS RELATIONSHIP ALLOWS ASTRONOMERS TO ESTIMATE DISTANCES TO GALAXIES THAT ARE TOO FAR AWAY FOR OTHER
METHODS, LIKE PARALLAX OR STANDARD CANDLES, TO BE EFFECTIVE. BY MEASURING THE REDSHIFT OF A DISTANT GALAXY, WE
CAN INFER HOW MUCH THE UNIVERSE HAS EXPANDED SINCE ITS LIGHT WAS EMITTED, AND FROM THAT, WE CAN CALCULATE ITS
CURRENT DISTANCE. THIS IS AN INDISPENSABLE TOOL FOR MAPPING THE UNIVERSE'S STRUCTURE AND UNDERSTANDING THE
DISTRIBUTION OF GALAXIES ACROSS VAST COSMIC SCALES.

RepsHIFT As A CosMic CHRONOMETER

BeyonD JusT DISTANCE, REDSHIFT ALSO ACTS AS A COSMIC CHRONOMETER. SINCE LIGHT TRAVELS AT A FINITE SPEED, LOOKING
AT DISTANT OBJECTS IS EQUIVALENT TO LOOKING BACK IN TIME. A GALAXY WITH A VERY HIGH REDSHIFT (E.G., z=8 or z=1 O)
EMITTED ITS LIGHT BILLIONS OF YEARS AGO, WHEN THE UNIVERSE WAS MUCH YOUNGER AND IN A VERY DIFFERENT STATE. By
STUDYING OBJECTS AT VARIOUS REDSHIFTS, ASTRONOMERS CAN EFFECTIVELY RECONSTRUCT THE UNIVERSE'S EVOLUTIONARY
HISTORY, OBSERVING HOW GALAXIES FORMED, MERGED, AND EVOLVED OVER COSMIC TIME.

THIS TEMPORAL ASPECT OF REDSHIFT IS CRITICAL FOR TESTING COSMOLOGICAL MODELS AND UNDERSTANDING THE EPOCH OF
REIONIZATION, THE FORMATION OF THE FIRST STARS AND GALAXIES, AND THE SUBSEQUENT DEVELOPMENT OF THE UNIVERSE INTO
THE VAST COSMIC WEB WE OBSERVE TODAY. EACH REDSHIFT MEASUREMENT IS A SNAPSHOT OF THE UNIVERSE AT A SPECIFIC
POINT IN ITS PAST.

REDSHIFT AND THE EXPANDING UNIVERSE

THE MOST SIGNIFICANT IMPLICATION OF COSMOLOGICAL REDSHIFT IS ITS CONFIRMATION OF THE EXPANDING UNIVERSE. BEFORE
THE OBSERVATIONS AND THEORETICAL \WORK OF SLIPHER, HUBBLE, AND LEMA TRE, THE PREVAILING VIEW WAS OF A STATIC,
UNCHANGING UNIVERSE. THE CONSISTENT OBSERVATION OF REDSHIFTS IN DISTANT GALAXIES PROVIDED IRREFUTABLE EVIDENCE
AGAINST THIS STATIC MODEL. THE FACT THAT NEARLY ALL DISTANT GALAXIES ARE REDSHIFTED, AND THAT THE REDSHIFT IS
PROPORTIONAL TO THEIR DISTANCE, POINTS TOWARDS A UNIVERSAL EXPANSION.

THIS EXPANSION IS NOT AN EXPLOSION INTO SPACE, BUT RATHER AN EXPANSION OF SPACE ITSELF. IMAGINE A BALLOON BEING
INFLATED: DOTS DRAWN ON THE SURFACE MOVE AWAY FROM EACH OTHER AS THE BALLOON'S SURFACE STRETCHES. SIMILARLY,
GALAXIES ARE CARRIED APART BY THE EXPANDING FABRIC OF SPACETIME. THIS EXPANSION IS A FUNDAMENTAL PREDICTION OF
EINSTEIN'S THEORY OF GENERAL RELATIVITY AND HAS BEEN A CORNERSTONE OF THE BIG BANG MODEL.

IMPLICATIONS FOR THE BIG BANG THEORY

THE OBSERVED COSMIC EXPANSION, EVIDENCED BY REDSHIFT, IS A PRIMARY PILLAR SUPPORTING THE BiG BANG THEORY. IF THE
UNIVERSE IS EXPANDING NOW, THEN LOGICALLY, IT MUST HAVE BEEN SMALLER, DENSER, AND HOTTER IN THE PAST. TRACING THIS
EXPANSION BACKWARD IN TIME LEADS TO A POINT OF EXTREME DENSITY AND TEMPERATURE, THE BIG BANG SINGULARITY.
COSMOLOGICAL REDSHIFT ALLOWS US TO OBSERVE THE UNIVERSE AT DIFFERENT STAGES OF THIS EXPANSION, PROVIDING
CRUCIAL DATA TO TEST AND REFINE THE BIG BANG MODEL.

BY STUDYING THE REDSHIFT OF THE OLDEST LIGHT IN THE UNIVERSE, THE COSMIC MICROWAVE BACKGROUND (CMB), WE GET A
SNAPSHOT OF THE UNIVERSE WHEN IT WAS ONLY ABOUT 380,000 YEARS OLD. THE PRECISE PATTERNS OF TEMPERATURE
FLUCTUATIONS IN THE CMB, AND THEIR ASSOCIATED REDSHIFTS, HAVE PROVIDED INCREDIBLY STRONG SUPPORT FOR THE BIG
BANG THEORY AND ALLOWED US TO DETERMINE KEY COSMOLOGICAL PARAMETERS, SUCH AS THE AGE, COMPOSITION, AND
GEOMETRY OF THE UNIVERSE.



ReDSHIFT BEYOND EXPANSION; OTHER T YPES OF REDSHIFT

W/HILE COSMOLOGICAL REDSHIFT IS THE DOMINANT TYPE OF REDSHIFT OBSERVED FOR DISTANT GALAXIES, IT'S IMPORTANT TO
ACKNOWLEDGE THAT OTHER FORMS OF REDSHIFT EXIST, AND UNDERSTANDING THEM HELPS TO AVOID CONFUSION. THESE OTHER
TYPES ARE PRIMARILY DUE TO THE DOPPLER EFFECT AND GRAVITATIONAL EFFECTS.

THE DoPPLER REDSHIFT, AS MENTIONED EARLIER, OCCURS WHEN AN OBJECT IS MOVING RELATIVE TO THE OBSERVER. THIS IS
SIGNIFICANT FOR STARS WITHIN OUR OWN GALAXY OR FOR GALAXIES MOVING WITHIN GALAXY CLUSTERS. FOR INSTANCE, THE
ANDROMEDA GALAXY IS ACTUALLY BLUESHIFTED BECAUSE IT IS ON A COLLISION COURSE WITH OUR OWN MILKY W AY.
GRAVITATIONAL REDSHIFT, PREDICTED BY GENERAL RELATIVITY, OCCURS WHEN LIGHT LOSES ENERGY AS IT CLIMBS OUT OF A
STRONG GRAVITATIONAL FIELD. THIS EFFECT IS TYPICALLY VERY SMALL UNLESS DEALING WITH EXTREMELY MASSIVE OBJECTS
LIKE BLACK HOLES OR NEUTRON STARS, AND IT IS DISTINCT FROM THE STRETCHING OF SPACETIME THAT CAUSES COSMOLOGICAL
REDSHIFT.

DisTINGUISHING COSMOLOGICAL FROM DOPPLER REDSHIFT

DIFFERENTIATING BETWEEN COSMOLOGICAL AND DOPPLER REDSHIFT IS CRUCIAL FOR ACCURATE COSMOLOGICAL INTERPRETATION.
DOPPLER REDSHIFT IS A VELOCITY-DEPENDENT SHIFT CAUSED BY THE MOTION OF AN OBJECT WITHIN SPACETIME. COSMOLOGICAL
REDSHIFT, ON THE OTHER HAND, IS A CONSEQUENCE OF THE EXPANSION OF SPACETIME ITSELF. FOR VERY DISTANT OBJECTS, THE
COSMOLOGICAL REDSHIFT DOMINATES, AND THE PECULIAR VELOCITIES (DOPPLER MOTIONS) OF GALAXIES WITHIN THE EXPANDING
FRAMEW ORK BECOME LESS SIGNIFICANT IN TERMS OF THEIR OVERALL REDSHIFT VALUE.

HO\WEVER, AT CLOSER DISTANCES, PECULIAR VELOCITIES CAN CONTRIBUTE A NOTICEABLE DOPPLER SHIFT THAT NEEDS TO BE
ACCOUNTED FOR WHEN MEASURING THE HUBBLE FLOW. ASTRONOMERS OFTEN REFER TO THE “HUBBLE FLOW " WHEN DISCUSSING
THE SYSTEMATIC RECESSION OF GALAXIES DUE TO COSMIC EXPANSION, AND “PECULIAR VELOCITY" FOR THE ADDITIONAL
MOTIONS WITHIN THAT FLOW. UNDERSTANDING THIS DISTINCTION IS KEY TO ACCURATE DISTANCE MEASUREMENTS AND
COSMOLOGICAL MODELING.

THE SIGNIFICANCE OF REDSHIFT KNOWLEDGE IN MODERN COSMOLOGY

THE COMPREHENSIVE KNOWLEDGE AND UNDERSTANDING OF COSMOLOGICAL REDSHIFT HAVE REVOLUTIONIZED OUR PERCEPTION OF
THE UNIVERSE. IT'S NO LONGER A STATIC, UNCHANGING ENTITY BUT A DYNAMIC, EVOLVING COSMOS WITH A DEFINITE BEGINNING
AND A CONTINUING STORY OF EXPANSION. REDSHIFT DATA HAS ENABLED US TO:

o CONFIRM AND REFINE THE BIG BANG THEORY.

ESTABLISH THE AGE AND EXPANSION RATE OF THE UNIVERSE (THE HugBLE CONSTANT).

® MAP THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, REVEALING THE COSMIC WEB OF GALAXIES AND VOIDS.
® UNDERSTAND GALAXY FORMATION AND EVOLUTION OVER COSMIC TIMESCALES.
® PROBE THE COMPOSITION OF THE UNIVERSE, INCLUDING DARK MATTER AND DARK ENERGY.

® |INVESTIGATE THE EARLY UNIVERSE AND THE EPOCH OF REIONIZATION.

W/ ITHOUT THE ABILITY TO MEASURE AND INTERPRET REDSHIFT, MUCH OF MODERN COSMOLOGY WOULD SIMPLY NOT EXIST. IT's
THE FUNDAMENTAL OBSERVABLE THAT TIES TOGETHER THEORETICAL MODELS WITH THE VAST COSMIC REALITY WE CAN DETECT.



FUTURE ProOSPECTS AND ONGOING RESEARCH

THE STUDY OF COSMOLOGICAL REDSHIFT IS FAR FROM OVER. CURRENT AND FUTURE ASTRONOMICAL SURVEYS, UTILIZING
INCREASINGLY POWERFUL TELESCOPES AND SOPHISTICATED INSTRUMENTS, ARE PUSHING THE BOUNDARIES OF REDSHIFT
MEASUREMENT. PROJECTS LIKE THE VERA C. RUBIN OBSERVATORY AND THE JAMES WEBB SPACE TELESCOPE ARE DESIGNED TO
OBSERVE GALAXIES AT EVEN HIGHER REDSHIFTS THAN EVER BEFORE, PEERING FURTHER BACK INTO THE UNIVERSE'S INFANCY.

RESEARCHERS ARE ALSO FOCUSED ON REFINING OUR UNDERSTANDING OF THE UNIVERSE'S EXPANSION HISTORY, PARTICULARLY
THE ROLE OF DARK ENERGY, WHICH IS CAUSING THE EXPANSION TO ACCELERATE. BY MEASURING REDSHIFTS OF A VAST NUMBER
OF GALAXIES AND SUPERNOVAE WITH UNPRECEDENTED PRECISION, COSMOLOGISTS AIM TO CONSTRAIN THE PROPERTIES OF DARK
ENERGY AND DETERMINE THE ULTIMATE FATE OF THE UNIVERSE. [ HE ONGOING QUEST FOR REDSHIFT KNOWLEDGE CONTINUES TO
UNLOCK THE UNIVERSE'S DEEPEST SECRETS.

FAQ

Q: WHAT IS COSMOLOGICAL REDSHIFT AND HOW IS IT DIFFERENT FROM DOPPLER
REDSHIFT?

A: COSMOLOGICAL REDSHIFT IS THE STRETCHING OF LIGHT WAVELENGTHS CAUSED BY THE EXPANSION OF SPACE ITSELF AS
LIGHT TRAVELS ACROSS VAST COSMIC DISTANCES. DOPPLER REDSHIFT, ON THE OTHER HAND, IS CAUSED BY THE RELATIVE
MOTION OF AN OBJECT THROUGH SPACE. W/HILE BOTH RESULT IN A SHIFT TOWARDS LONGER WAVELENGTHS (REDDENING),
COSMOLOGICAL REDSHIFT IS A FUNDAMENTAL ASPECT OF AN EXPANDING UNIVERSE, WHEREAS DOPPLER REDSHIFT IS DUE TO
KINEMATIC MOTION.

QZ How DOES REDSHIFT HELP US DETERMINE THE AGE OF THE UNIVERSE?

A: REDSHIFT ACTS AS A COSMIC CLOCK. BY MEASURING THE REDSHIFT OF DISTANT GALAXIES, WE CAN DETERMINE HOW FAR
THEY ARE AND, CONSEQUENTLY, HOW LONG THEIR LIGHT HAS TRAVELED TO REACH US. SINCE LOOKING AT DISTANT OBJECTS IS
LOOKING BACK IN TIME, MEASURING THE REDSHIFTS OF THE MOST DISTANT OBSERVABLE OBJECTS, INCLUDING THE CosMic
MicROWAVE BACKGROUND RADIATION, ALLOWS US TO ESTIMATE THE TIME ELAPSED SINCE THE BiG BANG.

Q: WHAT DOES A HIGH REDSHIFT VALUE (LARGE ‘Z") SIGNIFY?

A: A HIGH REDSHIFT VALUE (LARGE ,Z,) INDICATES THAT AN OBJECT IS VERY DISTANT AND THAT THE UNIVERSE HAS EXPANDED
SIGNIFICANTLY SINCE THE LIGHT WAS EMITTED FROM THAT OBJECT. THIS MEANS WE ARE OBSERVING THAT OBJECT AS IT WAS IN
THE VERY EARLY STAGES OF THE UNIVERSE'S HISTORY.

Q: CAN REDSHIFT TELL US IF THE UNIVERSE IS ACCELERATING OR DECELERATING IN ITS
EXPANSION?

A: YES/ BY STUDYING THE REDSHIFTS OF SPECIFIC TYPES OF EXPLODING STARS CALLED TYPE |A SUPERNOVAE AT DIFFERENT
DISTANCES, ASTRONOMERS CAN MEASURE THE RATE OF EXPANSION AT VARIOUS COSMIC EPOCHS. THESE OBSERVATIONS HAVE
REVEALED THAT THE UNIVERSE'S EXPANSION IS NOT ONLY CONTINUING BUT IS ACTUALLY ACCELERATING, A PHENOMENON
ATTRIBUTED TO DARK ENERGY.

QZ ARE THERE ANY OBJECTS IN THE UNIVERSE THAT ARE BLUESHIFTED INSTEAD OF



REDSHIFTED?

A: YES/ WHILE THE OVERALL EXPANSION OF THE UNIVERSE CAUSES A GENERAL REDSHIFT FOR MOST DISTANT GALAXIES,
INDIVIDUAL GALAXIES OR CLUSTERS CAN HAVE PECULIAR VELOCITIES THAT CAUSE A DOPPLER BLUESHIFT IF THEY ARE MOVING
TOWARDS US. THE ANDROMEDA GALAXY, FOR INSTANCE, IS BLUESHIFTED AS IT IS HEADING TOWARDS THE MiLky WAY.
HO\X/EVER, FOR VERY DISTANT OBJECTS, THE COSMOLOGICAL REDSHIFT TYPICALLY OVERWHELMS ANY DOPPLER BLUESHIFT.

Q: How IS REDSHIFT MEASURED BY ASTRONOMERS?

A: ASTRONOMERS MEASURE REDSHIFT BY ANALYZING THE SPECTRUM OF LIGHT FROM CELESTIAL OBJECTS. THEY LOOK FOR
SPECIFIC PATTERNS OF SPECTRAL LINES (ABSORPTION OR EMISSION LINES) THAT CORRESPOND TO KNOWN ELEMENTS. BY
COMPARING THE OBSERVED WAVELENGTHS OF THESE LINES TO THEIR KNOWN W AVELENGTHS MEASURED ON EARTH, THEY CAN
CALCULATE THE SHIFT AND DETERMINE THE REDSHIFT VALUE.

QI \WHAT IS THE ROLE OF REDSHIFT KNOWLEDGE IN UNDERSTANDING DARK ENERGY?

A: REDSHIFT KNOWLEDGE IS CRUCIAL FOR STUDYING DARK ENERGY. BY OBSERVING HOW THE EXPANSION RATE OF THE UNIVERSE
HAS CHANGED OVER TIME, AS INDICATED BY THE REDSHIFTS OF DISTANT SUPERNOVAE AND GALAXIES, COSMOLOGISTS CAN INFER
THE PROPERTIES OF DARK ENERGY, WHICH IS THOUGHT TO BE RESPONSIBLE FOR THE ACCELERATING EXPANSION. PRECISE REDSHIFT
MEASUREMENTS ARE KEY TO CONSTRAINING DARK ENERGY MODELS.
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