CORE SPACE SCIENCE CONCEPTS

ExpPLORING THE VASTNESS: A Deep Dive INTo Core SPACE ScieENcE CONCEPTS

CORE SPACE SCIENCE CONCEPTS FORM THE BEDROCK OF OUR UNDERSTANDING OF THE UNIVERSE, FROM THE SMALLEST PARTICLES
TO THE GRANDEST COSMIC STRUCTURES. THESE FUNDAMENTAL IDEAS ALLOW US TO UNRAVEL THE MYSTERIES OF CELESTIAL
BODIES, COMPREHEND THE FORCES THAT SHAPE GALAXIES, AND EVEN PONDER OUR PLACE WITHIN THE COSMOS. THIS ARTICLE
WILL GUIDE YOU THROUGH THESE ESSENTIAL PRINCIPLES, COVERING EVERYTHING FROM THE LAWS OF MOTION THAT GOVERN
PLANETARY ORBITS TO THE INTRICACIES OF STELLAR EVOLUTION AND THE MIND-BOGGLING REALM OF COSMOLOGY. WE'LL
EXPLORE HOW GRAVITY SCULPTS THE UNIVERSE, HOW STARS ARE BORN AND DIE, AND THE FUNDAMENTAL PARTICLES THAT MAKE
UP EVERYTHING WE SEE AND DON'T SEE. PREPARE TO EMBARK ON A JOURNEY OF COSMIC DISCOVERY AS WE DEMYSTIFY THE CORE
TENETS OF SPACE SCIENCE.
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UNDERSTANDING GRAVITY AND ORBITAL MECHANICS

AT THE HEART OF MUCH OF SPACE SCIENCE LIES THE PROFOUND INFLUENCE OF GRAVITY. THIS FUNDAMENTAL FORCE, AS
DESCRIBED BY SIR ISAAC NEWTON AND LATER REFINED BY ALBERT EINSTEIN'S THEORY OF GENERAL RELATIVITY, DICTATES THE
MOTION OF EVERYTHING IN THE UNIVERSE. |T'S WHAT KEEPS OUR FEET PLANTED ON THE GROUND, THE MOON IN ORBIT AROUND
THE EARTHI AND THE PLANETS CIRCLING THE SUN. W/ITHOUT GRAVITY, THE INTRICATE DANCE OF CELESTIAL BODIES WOULD
CEASE, AND THE UNIVERSE AS WE KNOW IT WOULD NOT EXIST. \WE OFTEN THINK OF GRAVITY AS AN ATTRACTION BETWEEN
MASSIVE OBJECTS, AND THAT’S FUNDAMENTALLY CORRECT, BUT IT'S ALSO A CURVATURE OF SPACETIME ITSELF CAUSED BY
MASS AND ENERGY.

NEwTONIAN GRAVITY AND UNIVERSAL GRAVITATION

NEWTON'S LAW OF UNIVERSAL GRAVITATION WAS A GROUNDBREAKING ACHIEVEMENT, PROVIDING A MATHEMATICAL FRAMEW ORK
TO DESCRIBE THE FORCE OF ATTRACTION BETWEEN ANY TWO OBJECTS WITH MASS. IT STATES THAT THIS FORCE IS DIRECTLY
PROPORTIONAL TO THE PRODUCT OF THEIR MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE BETWEEN
THEIR CENTERS. THIS SIMPLE YET POWERFUL EQUATION ALLOWS US TO CALCULATE THE GRAVITATIONAL PULL ON AN APPLE
FALLING FROM A TREE, AS WELL AS THE FORCE KEEPING THE MOON TETHERED TO EARTH. IT'S THE FOUNDATION FOR
UNDERSTANDING WHY PLANETS MOVE IN PREDICTABLE ELLIPTICAL PATHS AROUND STARS, FORMING STABLE SOLAR SYSTEMS.

ORrBITAL MECHANICS AND KEPLER'S LAWS

BUILDING UPON NEWTON'S WORK,JOHANNES KEPLER'S THREE LAWS OF PLANETARY MOTION DESCRIBE HOW PLANETS ORBIT THE
SUN. THESE LAWS, DERIVED FROM METICULOUS ASTRONOMICAL OBSERVATIONS, DETAIL THE ELLIPTICAL SHAPE OF ORBITS, THE
CONCEPT OF EQUAL AREAS SWEPT OUT IN EQUAL TIMES BY A PLANET'S RADIUS VECTOR, AND THE RELATIONSHIP BETWEEN A
PLANET'S ORBITAL PERIOD AND THE SEMI-MAJOR AXIS OF ITS ORBIT. UNDERSTANDING THESE LAWS IS CRUCIAL FOR SPACECRAFT
NAVIGATION, PREDICTING ECLIPSES, AND COMPREHENDING THE DYNAMICS OF ANY SYSTEM WHERE ONE BODY ORBITS ANOTHER. IT’s
ESSENTIALLY THE COSMIC BALLET, CHOREOGRAPHED BY GRAVITY.



FINSTEIN'S GENERAL RELATIVITY: GRAVITY'S DEEPER PICTURE

WHILE NEWTON'S LAWS ARE INCREDIBLY ACCURATE FOR MOST EVERYDAY SCENARIOS AND MANY ASTRONOMICAL
CALCULATIONS, ALBERT EINSTEIN'S THEORY OF GENERAL RELATIVITY OFFERS A MORE COMPLETE UNDERSTANDING OF GRAVITY.
EINSTEIN PROPOSED THAT GRAVITY ISN'T A FORCE IN THE TRADITIONAL SENSE BUT RATHER A CONSEQUENCE OF THE CURVATURE
OF SPACETIME CAUSED BY MASS AND ENERGY. IMAGINE PLACING A HEAVY BALL ON A STRETCHED RUBBER SHEET; IT CREATES A
DIP, AND SMALLER OBJECTS ROLLING NEARBY WILL CURVE TOWARDS IT. THIS ELEGANT CONCEPT EXPLAINS PHENOMENA THAT
NEWTONIAN GRAVITY CANNOT, SUCH AS THE BENDING OF LIGHT AROUND MASSIVE OBJECTS AND THE PRECISE ORBIT OF
MERCURY.

THE NATURE OF STARS AND STELLAR EVOLUTION

STARS ARE THE LUMINOUS POWERHOUSES OF THE UNIVERSE, AND THEIR LIFE CYCLES ARE A SPECTACULAR DISPLAY OF COSMIC
PHYSICS. FROM THEIR FIERY BIRTH IN NEBULAE TO THEIR EVENTUAL DEMISE, STARS TRANSFORM MATTER AND ENERGY, CREATING
THE ELEMENTS THAT EVENTUALLY FORM PLANETS AND LIFE. STUDYING STELLAR EVOLUTION HELPS US UNDERSTAND THE ORIGIN
OF ELEMENTS HEAVIER THAN HYDROGEN AND HELIUM, THE VERY BUILDING BLOCKS OF EVERYTHING AROUND US. THE PROCESSES
HAPPENING WITHIN STARS ARE FUNDAMENTAL TO THE EXISTENCE OF THE UNIVERSE AS WE KNOW IT.

STAR FORMATION: FROM NEBULAE TO PROTOSTARS

STARS BEGIN THEIR LIVES WITHIN VAST, COLD CLOUDS OF GAS AND DUST CALLED NEBULAE. UNDER THE INFLUENCE OF GRAVITY,
DENSER REGIONS WITHIN THESE NEBULAE BEGIN TO COLLAPSE. AS THE MATERIAL CLUMPS TOGETHER, IT SPINS FASTER, FORMING A
DISK, AND THE CENTRAL REGION HEATS UP DUE TO THE INCREASING PRESSURE. THis HOT, DENSE CORE IS KNOWN AS A
PROTOSTAR. WHEN THE TEMPERATURE AND PRESSURE AT THE PROTOSTAR'S CORE BECOME HIGH ENOUGH, NUCLEAR FUSION
IGNITES, MARKING THE BIRTH OF A TRUE STAR. THIS IGNITION IS A DRAMATIC EVENT, RELEASING AN IMMENSE AMOUNT OF ENERGY
AND PUSHING BACK AGAINST THE INWARD PULL OF GRAVITY, ACHIEVING A STATE OF HYDROSTATIC EQUILIBRIUM.

THE MAIN SEQUENCE: A STAR’'S LONGEST PHASE

ONCE NUCLEAR FUSION BEGINS, A STAR ENTERS ITS LONGEST AND MOST STABLE PHASE: THE MAIN SEQUENCE. DURING THIS TIME,
STARS LIKE OUR SUN PRIMARILY FUSE HYDROGEN INTO HELIUM IN THEIR CORES. THE OUTWARD PRESSURE FROM THE FUSION
PROCESS PERFECTLY BALANCES THE INWARD PULL OF GRAVITY, KEEPING THE STAR STABLE FOR BILLIONS OF YEARS. THE COLOR
AND LUMINOSITY OF A MAIN-SEQUENCE STAR DEPEND ON ITS MASS; HOTTER, MORE MASSIVE STARS ARE BLUE AND BRIGHT, WHILE
COOLER, LESS MASSIVE STARS ARE RED AND DIM. OUR SUN IS CURRENTLY IN ITS MAIN SEQUENCE PHASE.

STELLAR DEATH: FROM WHITE DWARFS TO SUPERNOVAE

THE ULTIMATE FATE OF A STAR DEPENDS ON ITS INITIAL MASS. STARS WITH MASSES SIMILAR TO OUR SUN WILL EVENTUALLY
EXHAUST THEIR HYDROGEN FUEL, EXPAND INTO RED GIANTS, AND THEN SHED THEIR OUTER LAYERS TO FORM A WHITE DWARF — A
DENSE, HOT REMNANT THAT SLOWLY COOLS OVER EONS. MORE MASSIVE STARS HAVE A FAR MORE DRAMATIC END. THEY FUSE
HEAVIER ELEMENTS IN THEIR CORES AND, WHEN THEY CAN NO LONGER SUSTAIN FUSION, THEY COLLAPSE CATASTROPHICALLY,
LEADING TO A SUPERNOVA EXPLOSION. THESE EXPLOSIONS ARE INCREDIBLY POWERFUL, SCATTERING HEAVY ELEMENTS INTO
SPACE THAT CAN THEN BE INCORPORATED INTO NEW STARS AND PLANETS, A COSMIC RECYCLING PROGRAM.

NEUTRON STARS AND BLACKk HoLEes: THE EXTREME REMNANTS

THE CORE REMNANTS OF SOME SUPERNOVAE CAN BE INCREDIBLY DENSE OBJECTS. NEUTRON STARS ARE THE COLLAPSED CORES OF
MASSIVE STARS, PACKED WITH NEUTRONS SO TIGHTLY THAT A TEASPOONFUL WOULD WEIGH BILLIONS OF TONS. IF THE STAR'S
CORE IS EVEN MORE MASSIVE, THE GRAVITATIONAL COLLAPSE CONTINUES BEYOND THE NEUTRON STAR STAGE, FORMING A BLACK
HOLE — A REGION OF SPACETIME WHERE GRAVITY IS SO STRONG THAT NOTHING, NOT EVEN LIGHT, CAN ESCAPE. BLACK HOLES
REPRESENT THE ULTIMATE TRIUMPH OF GRAVITY OVER ALL OTHER FORCES.



GALAXIES: CosMIC ISLANDS OF STARS

GALAXIES ARE THE COLOSSAL STRUCTURES THAT HOUSE BILLIONS, AND SOMETIMES TRILLIONS, OF STARS, ALONG WITH GAS,
DUST, AND DARK MATTER. THEY ARE THE FUNDAMENTAL BUILDING BLOCKS OF THE LARGE-SCALE STRUCTURE OF THE UNIVERSE,
AND THEIR INTERACTIONS AND EVOLUTION ARE KEY TO UNDERSTANDING COSMIC HISTORY. FROM THE MAJESTIC SPIRAL ARMS OF
OUR OWN MiLkY W AY TO THE DISTANT, ANCIENT ELLIPTICAL GALAXIES, EACH ONE TELLS A STORY OF FORMATION, GROWTH,
AND CHANGE.

TypPes oF GALAXIES: SPIRALS, ELLIPTICALS, AND IRREGULARS

ASTRONOMERS CLASSIFY GALAXIES INTO SEVERAL MAIN TYPES BASED ON THEIR VISUAL APPEARANCE. SPIRAL GALAXIES, LIKE
OUR MILKY \X/AY, FEATURE A CENTRAL BULGE AND FLATTENED DISKS WITH PROMINENT SPIRAL ARMS, OFTEN FILLED WITH YOUNG,
HOT STARS AND ACTIVE STAR FORMATION. ELLIPTICAL GALAXIES, ON THE OTHER HAND, ARE TYPICALLY SMOOTH, OVAL-
SHAPED, AND CONTAIN MOSTLY OLDER STARS, WITH LITTLE GAS OR DUST FOR NEW STAR FORMATION. IRREGULAR GALAXIES
LACK A DISTINCT SHAPE AND ARE OFTEN THE RESULT OF GRAVITATIONAL INTERACTIONS OR COLLISIONS BETWEEN OTHER
GALAXIES. EACH TYPE REPRESENTS A DIFFERENT EVOLUTIONARY PATH.

THE MiLky WAY GALAXY: Our CosMic HoMe

OUR OWN GALAXY, THE MILKY W/ AY, IS A BARRED SPIRAL GALAXY ESTIMATED TO CONTAIN BETWEEN 100 BiLLION AnD 400
BILLION STARS. WE RESIDE IN ONE OF ITS SPIRAL ARMS, THE ORION ARM, ABOUT TWO-THIRDS OF THE WAY OUT FROM THE
GALACTIC CENTER. AT THE HEART OF THE MILKY W/ AY LIES A SUPERMASSIVE BLACK HOLE, SAGITTARIUS A, WHOSE IMMENSE
GRAVITY INFLUENCES THE MOTIONS OF STARS IN THE GALACTIC CORE. STUDYING THE MILKY W/ AY PROVIDES US WITH A UNIQUE
VANTAGE POINT TO UNDERSTAND GALACTIC STRUCTURE AND EVOLUTION.

GALACTIC INTERACTIONS AND EVOLUTION

GALAXIES ARE NOT STATIC, THEY INTERACT AND EVOLVE OVER COSMIC TIMESCALES. GRAVITATIONAL FORCES CAN CAUSE
GALAXIES TO COLLIDE, MERGE, OR PASS BY EACH OTHER, TRIGGERING BURSTS OF STAR FORMATION OR STRIPPING AWAY STARS
AND GAS. THESE INTERACTIONS PLAY A SIGNIFICANT ROLE IN SHAPING THE MORPHOLOGY AND EVOLUTION OF GALAXIES. FOR
EXAMPLE, MANY LARGE ELLIPTICAL GALAXIES ARE THOUGHT TO HAVE FORMED FROM THE MERGERS OF SMALLER SPIRAL GALAXIES.
THE UNIVERSE IS A DYNAMIC PLACE, AND GALAXIES ARE CONSTANTLY SHAPING AND RESHAPING EACH OTHER.

CosMoLOGY: THE STupyY oF THE UNIVERSE'S ORIGIN AND FATE

COSMOLOGY IS THE GRANDEST OF ALL SCIENTIFIC PURSUITS, AIMING TO UNDERSTAND THE ORIGIN, EVOLUTION, AND ULTIMATE
FATE OF THE ENTIRE UNIVERSE. [T EMPLOYS PHYSICS, ASTRONOMY, AND MATHEMATICS TO TACKLE THE BIGGEST QUESTIONS WE
CAN ASK, SUCH AS: HOW DID THE UNIVERSE BEGIN? \WW/HAT IS IT MADE OF? AND WHERE IS IT HEADING?

THe Bic BANG THEORY: THE UNIVERSE'S BEGINNING

THE PREVAILING MODEL FOR THE UNIVERSE'S ORIGIN IS THE BIG BANG THEORY. THIS THEORY POSITS THAT THE UNIVERSE BEGAN
AS AN EXTREMELY HOT, DENSE POINT THAT RAPIDLY EXPANDED AND COOLED. As T EXPANDED, ENERGY TRANSFORMED INTO
MATTER, LEADING TO THE FORMATION OF SUBATOMIC PARTICLES, ATOMS, AND EVENTUALLY STARS AND GALAXIES. EVIDENCE
SUCH AS THE COSMIC MICROWAVE BACKGROUND RADIATION AND THE OBSERVED EXPANSION OF THE UNIVERSE STRONGLY
SUPPORTS THE BIG BANG MODEL. IT'S NOT AN EXPLOSION IN SPACE, BUT RATHER AN EXPANSION OF SPACE ITSELF.



DARK MATTER AND DARK ENERGY: THE UNIVERSE'S UNSEEN COMPONENTS

PERHAPS ONE OF THE MOST PROFOUND DISCOVERIES IN MODERN COSMOLOGY IS THAT THE VISIBLE MATTER WE CAN OBSERVE —
STARS, PLANETS, GAS, DUST — MAKES UP ONLY A SMALL FRACTION OF THE UNIVERSE'S TOTAL MASS-ENERGY CONTENT. A
SIGNIFICANT PORTION IS ATTRIBUTED TO DARK MATTER, AN INVISIBLE SUBSTANCE THAT EXERTS GRAVITATIONAL INFLUENCE, AND
DARK ENERGY, A MYSTERIOUS FORCE THAT IS CAUSING THE UNIVERSE'S EXPANSION TO ACCELERATE. THESE UNSEEN COMPONENTS
ARE CRUCIAL FOR UNDERSTANDING THE LARGE-SCALE STRUCTURE AND DYNAMICS OF THE COSMOS, YET THEIR EXACT NATURE
REMAINS ONE OF THE BIGGEST PUZZLES IN SCIENCE.

THe ExPANDING UNIVERSE AND CosMIC FATE

OBSERVATIONS HAVE SHOWN THAT GALAXIES ARE MOVING AWAY FROM EACH OTHER, INDICATING THAT THE UNIVERSE IS
EXPANDING. THE RATE OF THIS EXPANSION, AND THE NATURE OF DARK ENERGY, WILL DETERMINE THE UNIVERSE'S ULTIMATE FATE.
DEPENDING ON THE AMOUNT OF DARK ENERGY, THE UNIVERSE COULD CONTINUE EXPANDING FOREVER, EVENTUALLY BECOMING
coLD AND EMPTY (THE “BIG Freeze” or “BiG CHILL”), OR IT COULD EVENTUALLY COLLAPSE BACK ON ITSELF (THE “BiG
CRUNCH"). CURRENT EVIDENCE SUGGESTS THE FORMER IS MORE LIKELY.

EXOPLANETS AND THE SEARCH FOR LIFE BEYOND EARTH

THE DISCOVERY OF EXOPLANETS — PLANETS ORBITING STARS OTHER THAN OUR SUN — HAS REVOLUTIONIZED OUR
UNDERSTANDING OF PLANETARY SYSTEMS AND INTENSIFIED THE SEARCH FOR LIFE BEYOND EARTH. THESE DISTANT WORLDS OFFER
TANTALIZING POSSIBILITIES FOR FINDING ENVIRONMENTS THAT COULD SUPPORT LIFE, PUSHING THE BOUNDARIES OF OUR COSMIC
PERSPECTIVE.

MeTHODS oF ExXoPLANET DETECTION

SCIENTISTS EMPLOY VARIOUS INGENIOUS METHODS TO DETECT EXOPLANETS, EVEN THOUGH THEY ARE INCREDIBLY FAINT
COMPARED TO THEIR HOST STARS. THE MOST COMMON METHODS INCLUDE THE TRANSIT METHOD, WHERE A PLANET PASSING IN
FRONT OF ITS STAR CAUSES A SLIGHT DIP IN THE STAR'S BRIGHTNESS, AND THE RADIAL VELOCITY METHOD, WHICH DETECTS THE
\WOBBLE OF A STAR CAUSED BY THE GRAVITATIONAL TUG OF AN ORBITING PLANET. OTHER TECHNIQUES, SUCH AS DIRECT
IMAGING AND GRAVITATIONAL MICROLENSING, ALSO CONTRIBUTE TO OUR GROWING CATALOG OF EXOPLANETS.

HABITABLE ZONES AND THE POTENTIAL FOR LIFE

A KEY FOCUS IN EXOPLANET RESEARCH IS THE CONCEPT OF THE HABITABLE ZONE — THE REGION AROUND A STAR WHERE A
PLANET'S SURFACE TEMPERATURE COULD ALLOW FOR LIQUID WATER, A CRUCIAL INGREDIENT FOR LIFE AS WE KNOW IT. W/HILE
FINDING A PLANET IN A STAR'S HABITABLE ZONE IS EXCITING, IT,S_JUST THE FIRST STEP. SCIENTISTS ARE ALSO LOOKING FOR
PLANETS WITH ATMOSPHERES, SUITABLE CHEMICAL COMPOSITIONS, AND SIGNS OF BIOSIGNATURES — INDICATORS OF BIOLOGICAL
PROCESSES. THE SHEER NUMBER OF EXOPLANETS DISCOVERED SO FAR SUGGESTS THAT EARTH-LIKE WORLDS MAY BE COMMON IN
THE GALAXY, FUELING OPTIMISM IN THE SEARCH FOR EXTRATERRESTRIAL LIFE.

THE FUTURE OF EXOPLANET EXPLORATION

FUTURE MISSIONS AND ADVANCEMENTS IN TELESCOPE TECHNOLOGY PROMISE TO REVEAL EVEN MORE ABOUT EXOPLANETS.

L ARGER AND MORE POWERFUL TELESCOPES WILL BE ABLE TO ANALYZE EXOPLANET ATMOSPHERES IN GREATER DETAIL, SEARCHING
FOR SPECIFIC GASES THAT COULD INDICATE THE PRESENCE OF LIFE. THE ONGOING EXPLORATION OF THESE DISTANT WORLDS IS
NOT JUST ABOUT FINDING OTHER PLANETS; IT'S ABOUT UNDERSTANDING THE DIVERSITY OF PLANETARY SYSTEMS AND
ULTIMATELY, ABOUT UNDERSTANDING OUR OWN UNIQUE PLACE IN THE VAST COSMIC TAPESTRY.



QI \WHAT IS THE MOST FUNDAMENTAL FORCE GOVERNING CELESTIAL MOTION?

A: THE MOST FUNDAMENTAL FORCE GOVERNING CELESTIAL MOTION IS GRAVITY. |T'S THE INVISIBLE PULL THAT KEEPS PLANETS IN
ORBIT AROUND STARS, MOONS AROUND PLANETS, AND EVEN HOLDS ENTIRE GALAXIES TOGETHER.

Q: How DO SCIENTISTS DETERMINE THE AGE OF A STAR?

A: SCIENTISTS DETERMINE THE AGE OF A STAR BY ANALYZING ITS LUMINOSITY, TEMPERATURE, AND CHEMICAL COMPOSITION. By
COMPARING THESE PROPERTIES TO THEORETICAL MODELS OF STELLAR EVOLUTION, THEY CAN ESTIMATE HOW FAR ALONG THE
STAR IS INITS LIFE CYCLE.

Q: WHAT IS THE PRIMARY DIFFERENCE BETWEEN A RED GIANT AND A MAIN SEQUENCE
STAR?

A: A MAIN SEQUENCE STAR, LIKE OUR SUN/ IS IN ITS STABLE PHASE WHERE IT FUSES HYDROGEN INTO HELIUM IN ITS CORE. A RED
GIANT IS A LATER STAGE OF EVOLUTION FOR STARS LIKE OUR SUN, WHERE THEY HAVE EXHAUSTED HYDROGEN IN THEIR CORE,
EXPANDED SIGNIFICANTLY, AND BEGUN FUSING HYDROGEN IN A SHELL AROUND THE CORE, MAKING THEM COOLER BUT MUCH LARGER
AND MORE LUMINOUS.

Q: WHAT IS DARK MATTER, AND WHY IS IT IMPORTANT IN COSMOLOGY?

A: DARK MATTER IS A MYSTERIOUS, INVISIBLE SUBSTANCE THAT DOES NOT INTERACT WITH LIGHT BUT EXERTS GRAVITATIONAL
INFLUENCE. T IS CRUCIAL IN COSMOLOGY BECAUSE IT MAKES UP A SIGNIFICANT PORTION OF THE UNIVERSE'S MASS AND IS
ESSENTIAL FOR UNDERSTANDING THE FORMATION AND STRUCTURE OF GALAXIES AND GALAXY CLUSTERS.

QZ \WHAT IS THE HABITABLE ZONE , AND WHY IS IT RELEVANT TO THE SEARCH FOR LIFEP

A: THE HABITABLE ZONE IS THE REGION AROUND A STAR WHERE THE TEMPERATURE IS JUST RIGHT FOR LIQUID WATER TO EXIST
ON A PLANET'S SURFACE. LIQUID WATER IS CONSIDERED A FUNDAMENTAL REQUIREMENT FOR LIFE AS WE KNOW IT, MAKING THE
HABITABLE ZONE A PRIME TARGET IN THE SEARCH FOR EXTRATERRESTRIAL LIFE.

QI How CAN WE OBSERVE BLACK HOLES IF THEY DON'T EMIT LIGHT?

A: WHILE BLACK HOLES THEMSELVES ARE INVISIBLE, THEIR PRESENCE CAN BE INFERRED BY OBSERVING THEIR EFFECT ON THEIR
SURROUNDINGS. THIS INCLUDES THE INTENSE GRAVITATIONAL PULL THEY EXERT ON NEARBY STARS AND GAS, WHICH CAN FORM
AN ACCRETION DISK THAT EMITS X-RAYS AS IT HEATS UP BEFORE FALLING INTO THE BLACK HOLE.

Q: WHAT IS THE COSMIC MICROWAVE BACKGROUND RADIATION?

A: THE COSMIC MICROW AVE BACKGROUND (CMB) RADIATION IS FAINT, UNIFORM RADIATION DETECTED FROM ALL DIRECTIONS IN
SPACE. |T IS CONSIDERED THE AFTERGLOW OF THE BIG BANG, A REMNANT OF THE HOT, DENSE EARLY UNIVERSE THAT HAS
COOLED AND STRETCHED INTO MICROWAVE WAVELENGTHS AS THE UNIVERSE EXPANDED.

Q: CAN GALAXIES COLLIDE AND MERGE?

A: YES, GALAXIES CAN COLLIDE AND MERGE. THESE ARE COMMON EVENTS IN THE UNIVERSE, ESPECIALLY IN GALAXY CLUSTERS
WHERE GRAVITATIONAL FORCES ARE STRONG. SUCH MERGERS CAN TRIGGER INTENSE BURSTS OF STAR FORMATION AND
SIGNIFICANTLY ALTER THE STRUCTURE OF THE INVOLVED GALAXIES.
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