CORE GALACTIC DYNAMICS CONCEPTS

UNRAVELING THE GRAND T APESTRY: A Deep Dive INTo Core GALACTIC DyNaMics CONCEPTS

CORE GALACTIC DYNAMICS CONCEPTS FORM THE BEDROCK OF OUR UNDERSTANDING OF THE COSMOS, EXPLAINING THE INTRICATE
BALLET OF STARS, GAS, AND DARK MATTER THAT DEFINES GALAXIES. FROM THE MAJESTIC SPIRAL ARMS OF OUR OWN MILKY

W AY TO THE CHAOTIC COLLISIONS OF DISTANT GALACTIC BEHEMOTHS, THESE FUNDAMENTAL PRINCIPLES GOVERN THEIR
FORMATION, EVOLUTION, AND ULTIMATE FATE. THIS ARTICLE EMBARKS ON AN ILLUMINATING JOURNEY, EXPLORING THE ESSENTIAL
PILLARS THAT UNDERPIN GALACTIC DYNAMICS, INCLUDING GRAVITATIONAL FORCES, STELLAR ORBITS, GALACTIC STRUCTURE,
AND THE ENIGMATIC INFLUENCE OF DARK MATTER. PREPARE TO BE CAPTIVATED AS WE DELVE INTO THE SCIENCE THAT
ORCHESTRATES THE CELESTIAL SYMPHONY ON THE GRANDEST SCALE.
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UNDERSTANDING GRAVITATIONAL INFLUENCE IN GALACTIC DYNAMICS

AT THE HEART OF ALL GALACTIC DYNAMICS LIES GRAVITY. |T’S THE INVISIBLE SCULPTOR THAT SHAPES GALAXIES, DICTATING
THE MOVEMENT OF EVERY CELESTIAL OBJECT WITHIN THEM. IMAGINE A VAST, COSMIC DANCE FLOOR WHERE STARS, GAS CLOUDS,
AND DARK MATTER ARE ALL PARTICIPANTS, AND GRAVITY IS THE CONDUCTOR, SETTING THE TEMPO AND CHOREOGRAPHING THEIR
EVERY STEP. WITHOUT THIS FUNDAMENTAL FORCE, GALAXIES AS WE KNOW THEM SIMPLY WOULDN'T EXIST, THEY WOULD
DISSIPATE INTO THE VOID.

THE STRENGTH OF GRAVITY BETWEEN ANY TWO OBJECTS IN THE UNIVERSE IS DIRECTLY PROPORTIONAL TO THEIR MASSES AND
INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN THEM. THIS SIMPLE YET PROFOUND LAW, FIRST
ELUCIDATED BY SIR ISAAC NE\X/TON, IS THE DRIVING FORCE BEHIND HOW STARS ORBIT GALACTIC CENTERS AND HOW GALAXIES
THEMSELVES ARE HELD TOGETHER. FOR A SINGLE STAR ORBITING THE SUN, THIS LAW IS EASILY APPLIED. HO\X/EVER, WITHIN A
GALAXY, THE SITUATION BECOMES EXPONENTIALLY MORE COMPLEX. A STAR ISNITJUST INFLUENCED BY THE CENTRAL
SUPERMASSIVE BLACK HOLE;, IT'S ALSO PULLED BY THE COLLECTIVE GRAVITATIONAL TUG OF BILLIONS OF OTHER STARS, GAS,
DUST, AND, CRUCIALLY, DARK MATTER.

NewTONIAN GRAVITY AND GALACTIC RoTATION CURVES

HISTORICALLY, OUR UNDERSTANDING OF GRAVITY'S ROLE IN GALAXIES WAS HEAVILY RELIANT ON NEWTONIAN MECHANICS. THE
PREVAILING EXPECTATION WAS THAT STARS FARTHER FROM THE GALACTIC CENTER, WHERE THE VISIBLE MASS IS LESS
CONCENTRATED, SHOULD ORBIT MORE SLOWLY. HO\X/EVER/ OBSERVATIONS, PARTICULARLY OF GALACTIC ROTATION CURVES,
BEGAN TO CHALLENGE THIS NOTION. THESE CURVES PLOT THE ORBITAL SPEED OF STARS AND GAS AT DIFFERENT DISTANCES FROM
THE GALACTIC CENTER. THE DATA CONSISTENTLY SHOWED THAT STARS AND GAS IN THE OUTER REGIONS OF GALAXIES ORBIT
MUCH FASTER THAN PREDICTED BY THE VISIBLE MATTER ALONE.

THIS DISCREPANCY WAS ONE OF THE EARLIEST AND MOST COMPELLING PIECES OF EVIDENCE POINTING TOWARDS THE EXISTENCE
OF SOMETHING UNSEEN, SOMETHING CONTRIBUTING SIGNIFICANTLY TO THE GRAVITATIONAL POTENTIAL OF GALAXIES. IT
SUGGESTED THAT THE MASS DISTRIBUTION WITHIN GALAXIES IS FAR MORE EXTENDED AND PERVASIVE THAN WHAT WE CAN
OBSERVE THROUGH ELECTROMAGNETIC RADIATION. THIS WAS A PIVOTAL MOMENT, PUSHING ASTRONOMERS TO RECONSIDER THE
COMPOSITION OF GALAXIES AND THE FUNDAMENTAL NATURE OF GRAVITY ON COSMIC SCALES.



THe DANCE oF STELLAR ORBITS

W/ ITHIN THE GRAND GRAVITATIONAL FRAMEWORK OF A GALAXY, INDIVIDUAL STARS AND GAS CLOUDS ENGAGE IN A
CONTINUOUS, COMPLEX ORBITAL DANCE. THIS MOTION IS NOT RANDOM;, IT'S GOVERNED BY THE TOTAL GRAVITATIONAL FIELD
OF THE GALAXY. UNDERSTANDING THESE STELLAR ORBITS IS CRUCIAL FOR DECIPHERING THE STRUCTURE AND EVOLUTION OF
GALAXIES. THINK OF EACH STAR AS A TINY DANCER, ITS PATH DICTATED BY THE UNSEEN FORCES PULLING IT IN VARIOUS
DIRECTIONS BY DIFFERENT PARTS OF THE GALACTIC MASS.

STARS IN DIFFERENT PARTS OF A GALAXY EXHIBIT DISTINCT ORBITAL BEHAVIORS. IN THE DENSELY PACKED CENTRAL BULGE,
ORBITS TEND TO BE MORE RANDOM AND THREE-DIMENSIONAL. IN THE FLATTENED DISK, STARS TYPICALLY FOLLOW MORE
CIRCULAR, COPLANAR ORBITS AROUND THE GALACTIC CENTER. THE HALO, A MORE SPHERICAL REGION SURROUNDING THE DISK,
CONTAINS STARS IN HIGHLY ELLIPTICAL AND INCLINED ORBITS, OFTEN REMNANTS OF PAST GALACTIC MERGERS OR ANCIENT
STELLAR POPULATIONS.

ReGULAR Vvs. CHAOTIC ORBITS

THE REGULARITY OR CHAOS OF STELLAR ORBITS PROVIDES VALUABLE CLUES ABOUT A GALAXY'S HISTORY AND ITS INTERNAL
DYNAMICS. REGULAR ORBITS, LIKE THOSE SEEN IN THE GALACTIC DISK, SUGGEST A RELATIVELY STABLE AND ORDERED
ENVIRONMENT. THESE ORBITS ARE PREDICTABLE AND GENERALLY CONFINED TO A PLANE, MIRRORING THE STRUCTURE OF A SPINNING
DISK. THE FACT THAT SO MANY STARS MAINTAIN THESE ORDERED PATHS OVER BILLIONS OF YEARS POINTS TO A BALANCED
GRAVITATIONAL FIELD.

CONVERSELY, CHAOTIC ORBITS, OFTEN OBSERVED IN GALACTIC BULGES AND HALOS, INDICATE A MORE DYNAMIC AND LESS
SETTLED PAST. THESE ORBITS CAN BE HIGHLY ECCENTRIC, INCLINED AT VARIOUS ANGLES, AND MAY CROSS THE PATHS OF OTHER
STARS. THEY ARE OFTEN THE RESULT OF GRAVITATIONAL PERTURBATIONS FROM MASSIVE OBJECTS, CLOSE ENCOUNTERS WITH
OTHER STARS, OR, MOST SIGNIFICANTLY, THE VIOLENT MERGERS OF SMALLER GALAXIES INTO LARGER ONES. STUDYING THE
DISTRIBUTION OF THESE ORBITAL TYPES HELPS ASTRONOMERS RECONSTRUCT THE EVOLUTIONARY PATHWAYS OF GALAXIES.

GALACTIC STRUCTURE; FROM BULGES TO HALOS

GALAXIES ARE NOT AMORPHOUS BLOBS OF STARS; THEY POSSESS DISTINCT STRUCTURAL COMPONENTS, EACH WITH ITS OWN
UNIQUE CHARACTERISTICS AND DYNAMICAL IMPLICATIONS. THESE STRUCTURES ARE A DIRECT CONSEQUENCE OF THE INTERPLAY
OF GRAVITY, ANGULAR MOMENTUM, AND THE HISTORY OF STAR FORMATION AND GALACTIC EVOLUTION. UNDERSTANDING THESE
COMPONENTS IS KEY TO GRASPING THE OVERALL DYNAMICS OF ANY GALAXY.

THE PRIMARY COMPONENTS TYPICALLY INCLUDE THE CENTRAL BULGE, THE DISK, AND THE HALO. THE BULGE IS A SPHEROIDAL
CONCENTRATION OF STARS AT THE GALACTIC CENTER, OFTEN CONTAINING OLDER STELLAR POPULATIONS AND A SUPERMASSIVE
BLACK HOLE. THE DISK, PROMINENT IN SPIRAL GALAXIES, IS A FLATTENED, ROTATING STRUCTURE RICH IN GAS AND DUST, WHERE
ACTIVE STAR FORMATION OCCURS. THE HALO IS A VAST, ROUGHLY SPHERICAL REGION SURROUNDING THE DISK AND BULGE,
POPULATED BY OLDER STARS, GLOBULAR CLUSTERS, AND A SIGNIFICANT AMOUNT OF DARK MATTER.

THe GALACTIC Disk AND ITS SPIRAL ARMS

THE GALACTIC DISK IS ARGUABLY THE MOST DYNAMIC AND VISUALLY STRIKING COMPONENT OF SPIRAL GALAXIES. TS
FLATTENED NATURE IS A RESULT OF THE CONSERVATION OF ANGULAR MOMENTUM DURING GALAXY FORMATION. AS GAS CLOUDS
COLLAPSED UNDER GRAVITY, THEY BEGAN TO SPIN, FLATTENING INTO A DISK. THE STARS WITHIN THIS DISK GENERALLY ORBIT
THE GALACTIC CENTER IN A NEARLY CIRCULAR FASHION, CONFINED TO THE PLANE OF THE DISK. THIS ORDERED MOTION IS A
DEFINING CHARACTERISTIC OF THE DISK COMPONENT.



THE PROMINENT SPIRAL ARMS, A HALLMARK OF MANY GALAXIES, ARE NOT STATIC STRUCTURES MADE OF A FIXED POPULATION
OF STARS. |NSTEAD, THEY ARE DENSITY WAVES — REGIONS WHERE GAS AND STARS ARE TEMPORARILY MORE CONCENTRATED.
THESE WAVES PROPAGATE THROUGH THE DISK, TRIGGERING STAR FORMATION AS INTERSTELLAR GAS CLOUDS ARE COMPRESSED.
THE DYNAMICS OF THESE SPIRAL ARMS ARE A COMPLEX INTERPLAY OF GRAVITATIONAL INSTABILITIES, STELLAR INTERACTIONS,
AND THE OVERALL ROTATION OF THE GALAXY , OFTEN EXPLAINED BY THEORIES LIKE THE LIN-SHU DENSITY WAVE THEORY.
STUDYING THE KINEMATICS WITHIN THE SPIRAL ARMS REVEALS INTRICATE DETAILS ABOUT GAS FLOW AND STAR FORMATION
PROCESSES.

THe GALACTIC HALO AND GLOBULAR CLUSTERS

THE GALACTIC HALO REPRESENTS THE OUTER REACHES OF A GALAXY , EXTENDING FAR BEYOND THE VISIBLE DISK. IT's A DIFFUSE,
ROUGHLY SPHERICAL COMPONENT THAT CONTAINS THE OLDEST STELLAR POPULATIONS, INCLUDING GLOBULAR CLUSTERS. THESE
CLUSTERS ARE DENSE, ANCIENT COLLECTIONS OF HUNDREDS OF THOUSANDS TO MILLIONS OF STARS, ALL BORN AT ROUGHLY THE
SAME TIME. THEIR ORBITS ARE OFTEN HIGHLY ECCENTRIC AND INCLINED, REFLECTING THE CHAOTIC MERGER EVENTS THAT LIKELY
BUILT UP THE HALO OVER COSMIC TIME.

THE DYNAMICS OF THE HALO ARE CRUCIAL FOR UNDERSTANDING THE TOTAL MASS OF A GALAXY, AS IT’'S BELIEVED TO BE
DOMINATED BY DARK MATTER. THE HIGH VELOCITIES OF STARS AND GLOBULAR CLUSTERS IN THE HALO, AS INFERRED FROM THEIR
SPECTRAL LINES, INDICATE THE PRESENCE OF A SIGNIFICANT GRAVITATIONAL PULL EXTENDING FAR OUT. THIS GRAVITATIONAL
INFLUENCE HELPS TO HOLD THE ENTIRE GALAXY TOGETHER AND PLAYS A CRITICAL ROLE IN HOW GALAXIES INTERACT WITH THEIR
ENVIRONMENT AND WITH EACH OTHER.

THe DARk MATTER ENIGMA AND ITS DYNAMIC ROLE

PERHAPS THE MOST PROFOUND ASPECT OF MODERN GALACTIC DYNAMICS IS THE OVERWHELMING EVIDENCE FOR DARK MATTER.
THIS INVISIBLE SUBSTANCE, WHICH DOES NOT INTERACT WITH LIGHT, MAKES UP THE VAST MAJORITY OF A GALAXY'S MASS. ITs
GRAVITATIONAL INFLUENCE IS PARAMOUNT, SHAPING GALACTIC STRUCTURE AND DICTATING THE MOTIONS OF VISIBLE MATTER IN
WAYS THAT WOULD BE IMPOSSIBLE OTHERW ISE.

THE CONCEPT OF DARK MATTER AROSE PRIMARILY FROM THE DISCREPANCY BETWEEN THE OBSERVED ORBITAL SPEEDS OF STARS
AND GAS IN GALAXIES AND THE SPEEDS PREDICTED BY THE VISIBLE MATTER ALONE. GALACTIC ROTATION CURVES, AS MENTIONED
EARLIER, ARE A CORNERSTONE OF THIS EVIDENCE. W/ ITHOUT THE ADDED GRAVITATIONAL PULL OF A MASSIVE DARK MATTER
HALO, GALAXIES WOULD SPIN THEMSELVES APART. |T°S LIKE TRYING TO HOLD TOGETHER A RAPIDLY SPINNING CAROUSEL WITH
ONLY A FEW PEOPLE ON IT — IT WOULD FLY APART UNLESS THERE WAS A MUCH LARGER, UNSEEN FORCE HOLDING IT TOGETHER.

EvIDENCE FOR DARK MATTER HALOS

THE EVIDENCE FOR DARK MATTER EXTENDS BEYOND GALACTIC ROTATION CURVES. GRAVITATIONAL LENSING, WHERE THE
GRAVITY OF MASSIVE OBJECTS BENDS LIGHT FROM BACKGROUND SOURCES, ALSO POINTS TO THE PRESENCE OF MORE MASS THAN
CAN BE ACCOUNTED FOR BY VISIBLE MATTER IN GALAXIES AND GALAXY CLUSTERS. FURTHERMORE, THE OBSERVED MOTIONS OF
GALAXIES WITHIN CLUSTERS, AND THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, ARE BEST EXPLAINED BY COSMOLOGICAL
SIMULATIONS THAT INCLUDE A SUBSTANTIAL DARK MATTER COMPONENT.

THESE DARK MATTER HALOS ARE THOUGHT TO BE MUCH LARGER AND MORE MASSIVE THAN THE VISIBLE PORTIONS OF GALAXIES.
THEY PROVIDE THE GRAVITATIONAL SCAFFOLDING UPON WHICH GALAXIES FORM AND EVOLVE. THE DYNAMICS WITHIN THESE
HALOS ARE COMPLEX, WITH DARK MATTER PARTICLES INTERACTING GRAVITATIONALLY TO FORM A DIFFUSE, EXTENDED
DISTRIBUTION. UNDERSTANDING THE PRECISE DISTRIBUTION AND PROPERTIES OF THESE HALOS REMAINS ONE OF THE MOST
SIGNIFICANT CHALLENGES IN ASTROPHYSICS.



GALACTIC EVOLUTION AND INTERACTIONS

GALAXIES ARE NOT STATIC ENTITIES, THEY ARE CONSTANTLY EVOLVING, CHANGING THEIR STRUCTURE AND COMPOSITION OVER
BILLIONS OF YEARS. THIS EVOLUTION IS DRIVEN BY INTERNAL PROCESSES, SUCH AS STAR FORMATION AND SUPERNOV A
EXPLOSIONS, AS WELL AS BY INTERACTIONS WITH OTHER GALAXIES. THESE INTERACTIONS CAN BE GENTLE ENCOUNTERS OR
CATACLYSMIC MERGERS, PROFOUNDLY ALTERING THE DYNAMICS OF THE INVOLVED SYSTEMS.

THE PROCESS OF GALAXY FORMATION ITSELF IS THOUGHT TO HAVE INVOLVED THE HIERARCHICAL MERGING OF SMALLER
STRUCTURES. OVER COSMIC TIME, LARGER GALAXIES GREW BY ACCRETING SMALLER ONES. THIS MEANS THAT THE STARS AND
GAS WE SEE IN A GALAXY TODAY ARE OFTEN THE REMNANTS OF NUMEROUS PROGENITOR GALAXIES, EACH WITH ITS OWN
HISTORY AND DYNAMICS. THE STUDY OF GALACTIC EVOLUTION SEEKS TO UNRAVEL THIS COSMIC LINEAGE.

GALACTIC MERGERS AND THEIR DYNAMICAL SIGNATURES

GALACTIC MERGERS ARE DRAMATIC EVENTS THAT LEAVE INDELIBLE MARKS ON THE GALAXIES INVOLVED. WHEN TWO GALAXIES
COLLIDE, THEIR GRAVITATIONAL FIELDS INTERACT, LEADING TO TIDAL DISTORTIONS, THE STRIPPING OF GAS AND STARS, AND THE
TRIGGERING OF INTENSE BURSTS OF STAR FORMATION. THE STARS WITHIN THE MERGING GALAXIES FOLLOW HIGHLY CHAOTIC AND
RANDOMIZED ORBITS, OFTEN TRANSFORMING SPIRAL GALAXIES INTO MORE ELLIPTICAL SHAPES.

THE DYNAMICAL SIGNATURES OF PAST MERGERS CAN BE OBSERVED IN THE STELLAR POPULATIONS AND VELOCITY DISPERSIONS OF
GALAXIES. FOR INSTANCE, GALAXIES WITH ELONGATED STELLAR STREAMS OR A LACK OF ORDERED ROTATION ARE OFTEN
CONSIDERED PRODUCTS OF MAJOR MERGERS. STUDYING THESE DYNAMICAL CLUES ALLOWS ASTRONOMERS TO PIECE TOGETHER
THE MERGER HISTORY OF GALAXIES AND UNDERSTAND HOW THEY HAVE GROWN AND TRANSFORMED OVER COSMIC EPOCHS. IT’s
LIKE READING THE GEOLOGICAL RECORD OF A PLANET TO UNDERSTAND ITS FORMATION, BUT ON A COSMIC SCALE.

KINEMATICS AND OBSERVATIONAL EVIDENCE

ToO TRULY UNDERSTAND GALACTIC DYNAMICS, WE MUST TURN TO OBSERVATION. KINEMATICS, THE STUDY OF MOTION, IS OUR
PRIMARY TOOL. BY OBSERVING THE LIGHT EMITTED BY STARS AND GAS, ASTRONOMERS CAN DEDUCE THEIR VELOCITIES AND
POSITIONS. THIS EMPIRICAL DATA THEN SERVES AS THE BEDROCK UPON WHICH THEORETICAL MODELS OF GALACTIC DYNAMICS
ARE BUILT AND TESTED.

TECHNIQUES LIKE SPECTROSCOPY ARE INVALUABLE HERE. BY ANALYZING THE SPECTRUM OF LIGHT FROM A CELESTIAL OBJECT, WE
CAN DETERMINE ITS REDSHIFT OR BLUESHIFT, WHICH DIRECTLY TELLS US WHETHER IT IS MOVING TOWARDS OR AWAY FROM US
AND AT WHAT SPEED. DOPPLER SHIFTS ARE THE COSMIC EQUIVALENT OF AN AMBULANCE SIREN'S CHANGING PITCH AS IT PASSES
BY. FOR STARS WITHIN A GALAXY, THIS ALLOWS US TO MAP OUT THEIR ORBITS AND UNDERSTAND THE OVERALL
GRAVITATIONAL POTENTIAL.

MEASURING STELLAR AND GAS VELOCITIES

MEASURING THE VELOCITIES OF STARS AND GAS ACROSS ENTIRE GALAXIES IS A MONUMENTAL TASK, REQUIRING SOPHISTICATED
TELESCOPES AND INSTRUMENTS. RADIO TELESCOPES ARE PARTICULARLY USEFUL FOR OBSERVING THE MOTION OF NEUTRAL
HYDROGEN GAS, WHICH IS ABUNDANT IN GALACTIC DISKS AND TRACES THE ROTATION CURVES WITH REMARKABLE PRECISION.
OPTICAL TELESCOPES ARE USED TO MEASURE THE VELOCITIES OF STARS IN DIFFERENT GALACTIC COMPONENTS.

THE DETAILED MAPPING OF THESE VELOCITIES HAS REVEALED THE CHARACTERISTIC ROTATION CURVES OF GALAXIES, THE
VELOCITY DISPERSIONS IN GALACTIC BULGES AND HALOS, AND THE COMPLEX FLOWS OF GAS WITHIN AND BETWEEN GALAXIES.
THIS KINEMATIC DATA ALLOWS US TO INFER THE DISTRIBUTION OF MASS, INCLUDING THE UNSEEN DARK MATTER, AND TO TEST



THEORIES ABOUT HOW GALAXIES FORM, EVOLVE, AND INTERACT. |T°S THE OBSERVATIONAL EVIDENCE THAT GROUNDS OUR
THEORETICAL UNDERSTANDING OF THESE COLOSSAL COSMIC STRUCTURES.

FREQUENTLY AskeDp QUESTIONS ABOUT CORE GALACTIC DYNAMICS
CONCEPTS

Q: WHAT IS THE PRIMARY FORCE GOVERNING THE MOTION OF STARS WITHIN A
GALAXY?P

A: THE PRIMARY FORCE GOVERNING THE MOTION OF STARS WITHIN A GALAXY IS GRAVITY. THE COLLECTIVE GRAVITATIONAL
PULL OF ALL THE MATTER WITHIN THE GALAXY, INCLUDING STARS, GAS, DUST, AND DARK MATTER, DICTATES THE ORBITS OF
INDIVIDUAL STARS AND GAS CLOUDS.

QI How DO GALACTIC ROTATION CURVES PROVIDE EVIDENCE FOR DARK MATTER?

A: GALACTIC ROTATION CURVES PLOT THE ORBITAL SPEED OF STARS AND GAS AT DIFFERENT DISTANCES FROM THE GALACTIC
CENTER. OBSERVATIONS CONSISTENTLY SHOW THAT OBJECTS IN THE OUTER REGIONS OF GALAXIES ORBIT MUCH FASTER THAN
PREDICTED BY THE VISIBLE MATTER ALONE. T HIS SUGGESTS THAT THERE IS ADDITIONAL, UNSEEN MASS—DARK
MATTER—PROVIDING THE NECESSARY GRAVITATIONAL PULL TO KEEP THESE OUTER REGIONS BOUND.

QZ WHAT ARE THE MAIN STRUCTURAL COMPONENTS OF A SPIRAL GALAXY?

A: THE MAIN STRUCTURAL COMPONENTS OF A SPIRAL GALAXY TYPICALLY INCLUDE THE CENTRAL BULGE, A FLATTENED DISK
CONTAINING SPIRAL ARMS, AND AN EXTENDED HALO. THE BULGE IS A SPHEROIDAL CONCENTRATION OF OLDER STARS, THE DISK IS
WHERE MOST STAR FORMATION OCCURS, AND THE HALO SURROUNDS THE DISK AND BULGE, CONTAINING OLDER STARS,
GLOBULAR CLUSTERS, AND A SIGNIFICANT AMOUNT OF DARK MATTER.

Q: ARE SPIRAL ARMS FIXED STRUCTURES, OR DO THEY MOVE?

A: SPIRAL ARMS ARE NOT FIXED STRUCTURES BUT ARE GENERALLY UNDERSTOOD TO BE DENSITY WAVES. THESE ARE REGIONS OF
ENHANCED GRAVITATIONAL POTENTIAL THAT PROPAGATE THROUGH THE GALACTIC DISK, CAUSING GAS AND STARS TO
TEMPORARILY CLUMP TOGETHER, TRIGGERING STAR FORMATION. THE STARS AND GAS MOVE THROUGH THESE WAVES, RATHER
THAN BEING PERMANENTLY EMBEDDED WITHIN THEM.

Q: How DO GALACTIC MERGERS AFFECT A GALAXY'S DYNAMICS?

A: GALACTIC MERGERS ARE VIOLENT EVENTS THAT SIGNIFICANTLY ALTER A GALAXY'S DYNAMICS. THEY CAN DISTORT
GALACTIC STRUCTURES, STRIP GAS AND STARS, TRIGGER INTENSE BURSTS OF STAR FORMATION, AND RANDOMIZE STELLAR
ORBITS, OFTEN TRANSFORMING SPIRAL GALAXIES INTO MORE ELLIPTICAL SHAPES AND SIGNIFICANTLY INCREASING THE VELOCITY
DISPERSION OF THEIR STELLAR POPULATIONS.

Q: WHAT IS THE SIGNIFICANCE OF STELLAR KINEMATICS IN STUDYING GALACTIC
DYNAMICS?

A: STELLAR KINEMATICS, THE STUDY OF THE MOTION OF STARS, IS CRUCIAL FOR UNDERSTANDING GALACTIC DYNAMICS. By
MEASURING THE VELOCITIES AND POSITIONS OF STARS, ASTRONOMERS CAN MAP THE GRAVITATIONAL POTENTIAL OF A GALAXY,



INFER THE DISTRIBUTION OF MASS (INCLUDING DARK MATTER), AND RECONSTRUCT THE EVOLUTIONARY HISTORY OF THE GALAXY.

Q: CAN WE DIRECTLY OBSERVE DARK MATTER?

A: NO/ WE CANNOT DIRECTLY OBSERVE DARK MATTER BECAUSE IT DOES NOT INTERACT WITH ELECTROMAGNETIC RADIATION
(LIGHT). |TS PRESENCE IS INFERRED SOLELY THROUGH ITS GRAVITATIONAL EFFECTS ON VISIBLE MATTER, SUCH AS ITS INFLUENCE
ON GALACTIC ROTATION CURVES AND GRAVITATIONAL LENSING.
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