COSMOLOGICAL REDSHIFT REDSHIFT CALCULATION

COSMOLOGICAL REDSHIFT REDSHIFT CALCULATION IS A FUNDAMENTAL CONCEPT IN MODERN ASTROPHYSICS AND COSMOLOGY,
OFFERING A PROFOUND WINDOW INTO THE UNIVERSE'S EXPANSION AND ITS HISTORY. UNDERSTANDING HOW WE MEASURE THIS
REDSHIFT, AND THE UNDERLYING PRINCIPLES OF ITS CALCULATION, IS KEY TO COMPREHENDING THE VASTNESS AND EVOLUTION OF
OUR COSMOS. THIS ARTICLE WILL DELVE DEEP INTO THE NATURE OF COSMOLOGICAL REDSHIFT, EXPLORING ITS CAUSES, THE
DISTINCTIONS BETWEEN DIFFERENT TYPES OF REDSHIFT, AND THE PRECISE METHODS EMPLOYED FOR ITS CALCULATION. WE wiLL
ALSO EXAMINE THE IMPLICATIONS OF THESE CALCULATIONS FOR OUR UNDERSTANDING OF COSMIC DISTANCES, THE AGE OF THE
UNIVERSE, AND THE SEARCH FOR EXTRATERRESTRIAL LIFE.
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WHAT IS REDSHIFT?

AT ITS CORE, REDSHIFT IS A PHENOMENON OBSERVED IN ASTRONOMY WHERE THE LIGHT FROM A CELESTIAL OBJECT IS SHIFTED
TOWARDS LONGER, REDDER W AVELENGTHS. IMAGINE A SIREN ON AN AMBULANCE APPROACHING YOU; ITS PITCH SOUNDS HIGHER
THAN WHEN IT'S MOVING AWAY. THIS IS THE DOPPLER EFFECT APPLIED TO SOUND. REDSHIFT IS THE LIGHT EQUIVALENT OF THIS.
W/HEN A LIGHT SOURCE IS MOVING AWAY FROM AN OBSERVER, THE LIGHT WAVES IT EMITS GET STRETCHED OUT, CAUSING THEIR
W AVELENGTHS TO INCREASE. CONVERSELY, IF AN OBJECT IS MOVING TOWARDS US, ITS LIGHT IS BLUESHIFTED, MEANING THE

W AVELENGTHS BECOME SHORTER.

THIS STRETCHING OF LIGHT WAVES IS CRUCIAL FOR UNDERSTANDING THE DYNAMIC NATURE OF THE UNIVERSE. IT'S NOT JUST A
THEORETICAL CURIOSITY, IT'S AN OBSERVABLE FACT THAT PROVIDES DIRECT EVIDENCE FOR THE UNIVERSE'S EXPANSION. THE
MORE DISTANT AN OBJECT, THE FASTER IT APPEARS TO BE RECEDING FROM US, AND THEREFORE, THE GREATER ITS REDSHIFT. THIS
RELATIONSHIP, KNOWN AS HuesLE'S LA\X/, IS A CORNERSTONE OF MODERN COSMOLOGY.

THEe PHYsIcs BeHIND CoSMOLOGICAL REDSHIFT

COSMOLOGICAL REDSHIFT ISN'T CAUSED BY AN OBJECT MOVING THROUGH SPACE AWAY FROM US IN THE TRADITIONAL SENSE.
|NSTEAD, IT's A CONSEQUENCE OF THE EXPANSION OF SPACETIME ITSELF. AS LIGHT TRAVELS ACROSS THE COSMOS, THE FABRIC
OF SPACE BETWEEN THE EMITTING GALAXY AND US IS STRETCHING. THIS CONTINUOUS STRETCHING OF SPACE EFFECTIVELY PULLS
THE LIGHT WAVES APART, INCREASING THEIR WAVELENGTH AND CAUSING THE OBSERVED REDSHIFT. IT’S LIKE DRAWING DOTS ON
A BALLOON AND THEN INFLATING IT, THE DOTS THEMSELVES AREN'T MOVING ACROSS THE BALLOON'S SURFACE, BUT THE
DISTANCE BETWEEN THEM INCREASES AS THE BALLOON EXPANDS.

THIS EXPANSION IS NOT UNIFORM ACROSS THE UNIVERSE. WHILE LOCAL GRAVITATIONAL INTERACTIONS CAN CAUSE GALAXIES
TO MOVE TOWARDS OR AWAY FROM EACH OTHER (LEADING To DOPPLER SHIFTS), ON LARGE SCALES, THE DOMINANT EFFECT IS
THE EXPANSION OF SPACE. THE FURTHER THE LIGHT HAS TRAVELED, THE MORE SPACETIME HAS EXPANDED DURING ITS JOURNEY,
RESULTING IN A GREATER CUMULATIVE REDSHIFT. THIS MAKES COSMOLOGICAL REDSHIFT A POWERFUL TOOL FOR PROBING THE
UNIVERSE'S HISTORY AND ITS LARGE-SCALE STRUCTURE.



DISTINGUISHING CoSMOLOGICAL ReDSHIFT FROM OTHER T YPES

W/HILE COSMOLOGICAL REDSHIFT IS THE MOST PREVALENT TYPE OBSERVED FOR DISTANT GALAXIES, IT'S IMPORTANT TO
DIFFERENTIATE IT FROM OTHER FORMS OF REDSHIFT. UNDERST ANDING THESE DISTINCTIONS HELPS AVOID MISINTERPRETATIONS OF
OBSERVATIONAL DATA.

DoPPLER REDSHIFT

THIS IS THE REDSHIFT CAUSED BY THE MOTION OF AN OBJECT THROUGH SPACE. [F A GALAXY IS MOVING TOWARDS US DUE TO
GRAVITATIONAL ATTRACTION WITHIN A CLUSTER, ITS LIGHT WILL BE BLUESHIFTED. IF IT'S MOVING AWAY DUE TO LOCAL
DYNAMICS, IT WILL EXPERIENCE A DOPPLER REDSHIFT. THIS IS AKIN TO THE AMBULANCE SIREN WE DISCUSSED EARLIER.

GRAVITATIONAL REDSHIFT

THIS TYPE OF REDSHIFT OCCURS IN STRONG GRAVITATIONAL FIELDS. ACCORDING TO EINSTEIN'S THEORY OF GENERAL
RELATIVITY, MASSIVE OBJECTS WARP SPACETIME. LIGHT ESCAPING FROM A REGION OF STRONG GRAVITY LOSES ENERGY, WHICH
MANIFESTS AS AN INCREASE IN ITS WAVELENGTH, OR REDSHIFT. THIS EFFECT IS USUALLY MINOR FOR MOST CELESTIAL OBJECTS
BUT CAN BE SIGNIFICANT NEAR BLACK HOLES OR NEUTRON STARS.

THE KEY DIFFERENCE LIES IN THE UNDERLYING MECHANISM. DOPPLER REDSHIFT IS PURELY ABOUT RELATIVE MOTION THROUGH
SPACE. GRAVITATIONAL REDSHIFT IS ABOUT THE INFLUENCE OF GRAVITY ON SPACETIME. COSMOLOGICAL REDSHIFT, HOWEVER,
IS FUNDAMENTALLY ABOUT THE EXPANSION OF SPACETIME ITSELF. W/HILE DOPPLER SHIFTS CAN BE SUPERIMPOSED ON
COSMOLOGICAL REDSHIFT FOR NEARBY OBJECTS, THE IMMENSE REDSHIFTS OBSERVED FOR VERY DISTANT GALAXIES ARE
OVERWHELMINGLY DUE TO THE EXPANSION OF THE UNIVERSE.

How Is CosmoLoGICAL ReDSHIFT CALCULATED?

THE CALCULATION OF COSMOLOGICAL REDSHIFT RELIES ON COMPARING THE WAVELENGTHS OF LIGHT EMITTED BY A CELESTIAL
OBJECT WITH THE WAVELENGTHS OF THE SAME LIGHT OBSERVED ON EARTH. THIS COMPARISON IS POSSIBLE BECAUSE ATOMS
AND MOLECULES EMIT AND ABSORB LIGHT AT SPECIFIC, WELL-DEFINED WAVELENGTHS, CREATING UNIQUE SPECTRAL LINES. THESE
SPECTRAL LINES ACT LIKE FINGERPRINTS, IDENTIFYING THE ELEMENTS PRESENT IN THE OBJECTIS ATMOSPHERE.

ASTRONOMERS USE SPECTROSCOPY TO ANALYZE THE LIGHT FROM DISTANT GALAXIES. THEY OBSERVE THE SPECTRUM OF THE
GALAXY, LOOKING FOR KNOWN SPECTRAL LINES, SUCH AS THOSE PRODUCED BY HYDROGEN OR HELIUM. THEY THEN MEASURE THE
OBSERVED WAVELENGTHS OF THESE LINES AND COMPARE THEM TO THEIR KNOWN “REST WAVELENGTHS” — THE WAVELENGTHS
MEASURED IN A LABORATORY ON EARTH. THE DIFFERENCE BETWEEN THESE TWO VALUES TELLS US HOW MUCH THE LIGHT HAS
BEEN STRETCHED.

SPECTRAL LINES AS CosMIC Y ARDSTICKS

IMAGINE YOU'RE LOOKING FOR A SPECIFIC PATTERN OF MUSICAL NOTES. IF YOU HEAR THE SAME MELODY BUT IT SOUNDS SLOWER
AND LOWER IN PITCH, YOU KNOW IT'S BEEN ALTERED. SPECTRAL LINES WORK SIMILARLY. \WE KNOW THE EXACT WAVELENGTHS
WHERE, FOR INSTANCE, HYDROGEN EMITS LIGHT. W/HEN WE OBSERVE A GALAXY AND FIND THESE HYDROGEN LINES SHIFTED
TOWARDS LONGER WAVELENGTHS, WE KNOW THAT THE GALAXY IS RECEDING FROM US AND THAT THE UNIVERSE HAS EXPANDED
DURING THE LIGHT/S_JOURNEY.

THE PRECISION WITH WHICH WE CAN IDENTIFY AND MEASURE THESE SPECTRAL LINES IS CRITICAL. POWERFUL TELESCOPES
EQUIPPED WITH SPECTROGRAPHS CAN CAPTURE FAINT LIGHT FROM THE FARTHEST REACHES OF THE UNIVERSE. ANALYZING THESE
SPECTRA ALLOWS US TO DETERMINE THE REDSHIFT WITH REMARKABLE ACCURACY, PAVING THE WAY FOR FURTHER



COSMOLOGICAL INVESTIGATIONS.

THe ReDSHIFT FORMULA AND |TS COMPONENTS

THE COSMOLOGICAL REDSHIFT, OFTEN DENOTED BY THE LETTER IZ,, IS QUANTIFIED USING A RELATIVELY STRAIGHTFORW ARD
FORMULA. THIS FORMULA IS CENTRAL TO ASTRONOMERS ABILITY TO MEASURE DISTANCES AND UNDERSTAND THE EXPANSION
RATE OF THE UNIVERSE.

THE FUNDAMENTAL FORMULA FOR REDSHIFT IS:

z = (A_OBSERVED - A_EMITTED) / A_EMITTED

\¥/HERE:

® A_OBSERVED IS THE WAVELENGTH OF LIGHT AS MEASURED BY THE OBSERVER ON EARTH.

® A_EMITTED IS THE WAVELENGTH OF LIGHT AS IT WAS ORIGINALLY EMITTED BY THE CELESTIAL OBJECT (THE REST
WAVELENGTH).

THIS FORMULA CAN BE REARRANGED TO EXPRESS THE OBSERVED WAVELENGTH IN TERMS OF THE EMITTED WAVELENGTH AND THE
REDSHIFT:

A_OBSERVED = A_EMITTED (1 + 2)

FOR VERY SMALL REDSHIFTS (z <
z=v/c

¥/ HERE:

® VIS THE RECESSION VELOCITY OF THE OBJECT.

® C IS THE SPEED OF LIGHT.

HO\X/EVER, FOR COSMOLOGICAL DISTANCES AND THE HIGH REDSHIFTS ASSOCIATED WITH THEM, THIS APPROXIMATION BREAKS
DOWN DUE TO RELATIVISTIC EFFECTS AND THE NON-LINEAR NATURE OF SPACETIME EXPANSION. | HE MORE COMPREHENSIVE
FORMULA USING WAVELENGTHS IS ALWAYS PREFERRED FOR COSMOLOGICAL REDSHIFT CALCULATIONS.

UNDERSTANDING THE COMPONENTS

LET’'S BREAK DOWN THE FORMULA. THE NUMERATOR, (/\_OBSERVED - /\_EMITTED), REPRESENTS THE TOTAL SHIFT IN

W AVELENGTH. DIVIDING THIS SHIFT BY THE ORIGINAL WAVELENGTH (/\_EMITTED) NORMALIZES THE REDSHIFT VALUE, MAKING IT A
DIMENSIONLESS QUANTITY. A REDSHIFT OF z = O MEANS NO SHIFT, WHILE A POSITIVE Z VALUE INDICATES A REDSHIFT (OBJECT
MOVING A\X/AY) AND A NEGATIVE Z VALUE WOULD INDICATE A BLUESHIFT (OBJECT MOVING TO\X/AEDS).

CONSIDER A HYPOTHETICAL EXAMPLE: IF A HYDROGEN-ALPHA EMISSION LINE IS OBSERVED AT 700 NANOMETERS (NM) BUT ITS
REST WAVELENGTH IS KNOWN TO BE 656 NM, THE REDSHIFT WOULD BE:

z=(700NM- 656 M) [ 656 \M =44 [ 656 = 0.067



THIS VALUE OF z = 0.067 TELLS US THAT THE GALAXY IS RECEDING FROM US, AND ITS LIGHT HAS BEEN STRETCHED BY ABOUT
6.7% DUE TO THE EXPANSION OF THE UNIVERSE.

PRACTICAL APPLICATIONS OF COSMOLOGICAL ReDSHIFT CALCULATIONS

THE ABILITY TO ACCURATELY CALCULATE COSMOLOGICAL REDSHIFT OPENS UP A VAST ARRAY OF POSSIBILITIES IN OUR QUEST
TO UNDERSTAND THE UNIVERSE. IT'S NOT JUST ABOUT MEASURING HOW FAST THINGS ARE MOVING AWAY/, IT'S A FUNDAMENTAL
TOOL FOR COSMIC CARTOGRAPHY AND HISTORY.

MeASURING CosMIC DISTANCES

ONE OF THE MOST SIGNIFICANT APPLICATIONS OF REDSHIFT CALCULATION IS IN DETERMINING THE DISTANCES TO CELESTIAL
OBJECTS. BECAUSE OF HuesLE's LA\X/, WHICH STATES THAT THE RECESSION VELOCITY (AND THUS EEDSHIFT) OF A GALAXY IS
DIRECTLY PROPORTIONAL TO ITS DISTANCE, WE CAN USE REDSHIFT AS A PROXY FOR DISTANCE. BY MEASURING A GALAXY'S
REDSHIFT, ASTRONOMERS CAN ESTIMATE HOW FAR AWAY IT IS. THIS HAS ALLOWED US TO MAP OUT THE LARGE-SCALE
STRUCTURE OF THE UNIVERSE, REVEALING CLUSTERS, SUPERCLUSTERS, AND VAST COSMIC VOIDS.

ESTIMATING THE AGE OF THE UNIVERSE

THE LIGHT WE OBSERVE FROM DISTANT GALAXIES HAS TRAVELED FOR BILLIONS OF YEARS TO REACH US. A GALAXY WITH A
VERY HIGH REDSHIFT IS INCREDIBLY FAR AWAY, MEANING ITS LIGHT WAS EMITTED WHEN THE UNIVERSE WAS MUCH YOUNGER. By
STUDYING THE REDSHIFTS OF THE MOST DISTANT OBJECTS WE CAN DETECT, ASTRONOMERS CAN EFFECTIVELY LOOK BACK IN TIME.
THIS ALLOWS US TO TRACE THE EVOLUTION OF GALAXIES, UNDERSTAND WHEN THE FIRST STARS AND GALAXIES FORMED, AND
ULTIMATELY, REFINE OUR ESTIMATES FOR THE AGE OF THE UNIVERSE ITSELF.

STUDYING GALAXY EVOLUTION AND FORMATION

THE UNIVERSE HAS NOT ALWAYS LOOKED THE WAY IT DOES TODAY. GALAXIES HAVE FORMED, MERGED, AND EVOLVED OVER
COSMIC TIME. BY OBSERVING GALAXIES AT DIFFERENT REDSHIFTS, ASTRONOMERS ARE ESSENTIALLY OBSERVING SNAPSHOTS OF
THE UNIVERSE AT DIFFERENT EPOCHS. THIS ALLOWS US TO STUDY HOW THE PROPERTIES OF GALAXIES—THEIR SIZE, SHAPE,
STAR FORMATION RATES, AND COMPOSITION—HAVE CHANGED OVER BILLIONS OF YEARS. THIS IS CRUCIAL FOR UNDERSTANDING
THE PROCESSES THAT DRIVE GALAXY FORMATION AND EVOLUTION.

THe SEARCH FOR EXOPLANETS AND EXTRATERRESTRIAL LIFE

W/HILE NOT DIRECTLY CALCULATING REDSHIFT FOR EXOPLANETS, THE UNDERSTANDING OF REDSHIFT AND ITS RELATION TO
DISTANCE IS FOUNDATIONAL FOR THE FIELDS THAT SEARCH FOR THEM. LARGE SKY SURVEYS THAT USE REDSHIFT TO MAP OUT
VAST NUMBERS OF GALAXIES CAN IDENTIFY REGIONS OF INTEREST FOR FUTURE, MORE DETAILED EXOPLANET SEARCHES.
FURTHERMORE, THE STUDY OF DISTANT GALAXIES, WHICH ARE CHARACTERIZED BY THEIR REDSHIFT, HELPS US UNDERSTAND THE
PREV ALENCE OF DIFFERENT STELLAR TYPES AND GALACTIC ENVIRONMENTS, PROVIDING CONTEXT FOR THE POTENTIAL
HABITABILITY OF PLANETARY SYSTEMS.

INTERPRETING REDSHIFT V ALUES

THE NUMERICAL VALUE OF REDSHIFT, ,Z,, IS MORE THAN JUST A NUMBER, IT'S A KEY THAT UNLOCKS CRITICAL INFORMATION
ABOUT THE COSMOS. [UNDERSTANDING HOW TO INTERPRET THESE VALUES IS ESSENTIAL FOR ANYONE LOOKING TO GRASP THE
SCALE AND DYNAMICS OF THE UNIVERSE.



Low RepsHIFTs (z< 1)

FOR OBJECTS WITH LOW REDSHIFT VALUES, THE UNIVERSE'S EXPANSION HAS HAD A LESS DRAMATIC EFFECT ON THE LIGHT. IN
THESE CASES, THE SIMPLE DOPPLER APPROXIMATION CAN OFTEN PROVIDE A REASONABLE ESTIMATE OF VELOCITY. FOR EXAMPLE,
A GALAXY WITH A REDSHIFT oF z = 0.0 1 IS RECEDING FROM US AT APPROXIMATELY ‘|O/O THE SPEED OF LIGHT. THESE REDSHIFTS
ARE TYPICALLY ASSOCIATED WITH GALAXIES WITHIN OUR LOCAL GROUP OR NEARBY GALAXY CLUSTERS.

HigH RepsHIFTs (z> 1)

AS REDSHIFT VALUES INCREASE SIGNIFICANTLY, WE ARE LOOKING AT OBJECTS THAT ARE INCREDIBLY DISTANT. AT THESE HIGH
REDSHIFTS, THE EXPANSION OF SPACETIME HAS STRETCHED THE LIGHT WAVES CONSIDERABLY. THE SIMPLE VELOCITY
APPROXIMATION IS NO LONGER ACCURATE. A REDSHIFT OF Z = 1 MEANS THAT THE OBSERVED WAVELENGTH IS TWICE THE
EMITTED WAVELENGTH (/\_OBSERVED = A_EMITTED (-l + ]) =2 /\_EMITTED)/ IMPLYING THE UNIVERSE HAS DOUBLED IN SIZE
SINCE THE LIGHT WAS EMITTED. REDSHIFTS OF Z = 10 OR MORE INDICATE THAT WE ARE OBSERVING LIGHT FROM THE VERY EARLY
UNIVERSE, WHEN IT WAS JUST A FRACTION OF ITS CURRENT SIZE.

THE STUDY OF QUASARS, WHICH ARE EXTREMELY LUMINOUS ACTIVE GALACTIC NUCLEI, OFTEN REVEALS VERY HIGH REDSHIFTS,
PUSHING THE BOUNDARIES OF OUR OBSERVATIONAL CAPABILITIES AND PROVIDING INSIGHTS INTO THE UNIVERSE'S INFANCY. THE
JAMES \WEBB SPACE TELESCOPE, FOR INSTANCE, IS SPECIFICALLY DESIGNED TO DETECT THE INFRARED LIGHT FROM THESE
EXTREMELY REDSHIFTED, EARLY-UNIVERSE OBJECTS.

THe FUTURE OF REDSHIFT STUDIES

THE QUEST TO UNDERSTAND THE UNIVERSE THROUGH REDSHIFT IS FAR FROM OVER; IN FACT, IT'S ENTERING AN EXCITING NEW
PHASE. ADVANCES IN TELESCOPE TECHNOLOGY AND OBSERVATIONAL TECHNIQUES PROMISE TO PUSH THE FRONTIERS OF OUR
COSMIC KNOWLEDGE EVEN FURTHER.

FUTURE LARGE-SCALE SPECTROSCOPIC SURVEYS WILL MAP OUT MILLIONS OF GALAXIES WITH UNPRECEDENTED PRECISION,
CREATING DETAILED THREE-DIMENSIONAL MAPS OF THE UNIVERSE. THESE MAPS WILL ALLOW US TO TEST COSMOLOGICAL
MODELS WITH GREATER ACCURACY, PROBE THE NATURE OF DARK ENERGY AND DARK MATTER, AND POTENTIALLY UNCOVER NEW
PHYSICS. MISSIONS ARE PLANNED THAT WILL AIM TO DETECT EVEN FAINTER AND MORE DISTANT OBJECTS, PUSHING REDSHIFT
MEASUREMENTS TOWARDS THE VERY BEGINNINGS OF COSMIC HISTORY, PERHAPS EVEN BEFORE THE FORMATION OF THE FIRST
STARS.

THE ONGOING EXPLORATION OF GRAVITATIONAL WAVES ALSO OPENS UP NEW AVENUES FOR COSMOLOGICAL MEASUREMENT.
W/HILE NOT DIRECTLY A LIGHT-BASED REDSHIFT, THE INFORMATION FROM MERGING BLACK HOLES AND NEUTRON STARS, WHEN
COMBINED WITH ELECTROMAGNETIC COUNTERPARTS, CAN PROVIDE INDEPENDENT MEASUREMENTS OF COSMIC DISTANCES AND
EXPANSION RATES, OFFERING A COMPLEMENTARY PERSPECTIVE TO TRADITIONAL REDSHIFT STUDIES. THE SYNERGY BETWEEN
DIFFERENT OBSERVATIONAL METHODS WILL UNDOUBTEDLY LEAD TO A MORE COMPLETE AND NUANCED PICTURE OF OUR UNIVERSE.

QZ W/HAT IS THE PRIMARY CAUSE OF COSMOLOGICAL REDSHIFT?

A: THE PRIMARY CAUSE OF COSMOLOGICAL REDSHIFT IS THE EXPANSION OF SPACETIME ITSELF. AS LIGHT TRAVELS FROM A
DISTANT GALAXY TO AN OBSERVER, THE FABRIC OF SPACE BETWEEN THEM STRETCHES, LENGTHENING THE LIGHT WAVES AND
SHIFTING THEM TOWARDS REDDER W AVELENGTHS.

QZ How DOES COSMOLOGICAL REDSHIFT DIFFER FROM DOPPLER REDSHIFT?

A: DOPPLER REDSHIFT IS CAUSED BY THE MOTION OF AN OBJECT THROUGH SPACE, EITHER TOWARDS OR AWAY FROM THE
OBSERVER. COSMOLOGICAL REDSHIFT, ON THE OTHER HAND, IS CAUSED BY THE EXPANSION OF SPACETIME ITSELF, NOT BY THE
OBJECTIS MOVEMENT THROUGH SPACE.

QZ W/HAT IS THE FORMULA FOR CALCULATING COSMOLOGICAL REDSHIFT?
A: THE FORMULA FOR CALCULATING COSMOLOGICAL REDSHIFT (Z) ISZ= (/\_OBSERVED - /\_EMITTED) / A_EMITTED, WHERE



A_OBSERVED IS THE WAVELENGTH OF LIGHT AS MEASURED BY THE OBSERVER AND A_EMITTED IS THE ORIGINAL WAVELENGTH OF
THE LIGHT.

QI CAN REDSHIFT BE USED TO DETERMINE THE AGE OF THE UNIVERSE?

A: YES, REDSHIFT IS A CRUCIAL TOOL FOR ESTIMATING THE AGE OF THE UNIVERSE. BY OBSERVING THE REDSHIFT OF DISTANT
OBJECTS, ASTRONOMERS CAN DETERMINE HOW LONG THEIR LIGHT HAS TRAVELED, EFFECTIVELY LOOKING BACK IN TIME AND
UNDERSTANDING THE UNIVERSE'S EVOLUTIONARY STAGES.

QZ W/HAT IS A HIGH REDSHIFT VALUE, AND WHAT DOES IT INDICATE?

A: A HIGH REDSHIFT VALUE (E.G., z> -|) INDICATES THAT AN OBJECT IS VERY DISTANT AND ITS LIGHT WAS EMITTED WHEN THE
UNIVERSE WAS MUCH YOUNGER AND SMALLER. THE HIGHER THE REDSHIFT, THE FURTHER BACK IN COSMIC HISTORY WE ARE
OBSERVING.

QZ W/HAT ARE SPECTRAL LINES, AND HOW ARE THEY USED IN REDSHIFT CALCULATION?

A: SPECTRAL LINES ARE SPECIFIC WAVELENGTHS OF LIGHT EMITTED OR ABSORBED BY ATOMS AND MOLECULES. ASTRONOMERS
COMPARE THE OBSERVED WAVELENGTHS OF THESE SPECTRAL LINES FROM DISTANT OBJECTS TO THEIR KNOWN REST
WAVELENGTHS TO DETERMINE THE AMOUNT OF REDSHIFT.

QZ How DOES THE EXPANSION OF SPACE STRETCH LIGHT WAVES?

A: As SPACE EXPANDS, THE DISTANCE BETWEEN POINTS IN SPACE INCREASES. W/HEN A PHOTON OF LIGHT TRAVELS THROUGH
THIS EXPANDING SPACE, ITS WAVELENGTH IS EFFECTIVELY STRETCHED ALONG WITH THE EXPANSION OF SPACE ITSELF.

QZ ARE THERE OTHER TYPES OF REDSHIFT BESIDES COSMOLOGICAL AND DOPPLER REDSHIFT?

A: YES, GRAVITATIONAL REDSHIFT IS ANOTHER TYPE OF REDSHIFT CAUSED BY THE WARPING OF SPACETIME IN STRONG
GRAVITATIONAL FIELDS. LIGHT ESCAPING A MASSIVE OBJECT LOSES ENERGY, LEADING TO A REDSHIFT.
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