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CELESTIAL MECHANICS FOR BEGINNERS: AN EASY-To-UNDERSTAND GUIDE

CELESTIAL MECHANICS FOR BEGINNERS EASY TO UNDERSTAND IS A JOURNEY INTO THE ELEGANT LAWS THAT GOVERN THE MOTION
OF CELESTIAL BODIES. FROM THE GRACEFUL DANCE OF PLANETS AROUND STARS TO THE VAST COSMIC BALLET OF GALAXIES,
UNDERSTANDING THESE PRINCIPLES UNLOCKS A PROFOUND APPRECIATION FOR THE UNIVERSE. THIS COMPREHENSIVE GUIDE WILL
DEMYSTIFY THE CORE CONCEPTS, BREAKING DOWN COMPLEX IDEAS INTO DIGESTIBLE PIECES. WE WILL EXPLORE GRAVITY'S
PIVOTAL ROLE, DELVE INTO KEPLER'S GROUNDBREAKING LAWS, AND INTRODUCE NEWTON'S UNIVERSAL LAW OF GRAVITATION,
THE CORNERSTONE OF OUR COSMIC UNDERSTANDING. FURTHER, WE WILL TOUCH UPON ORBITAL MECHANICS, THE PREDICTABLE
PATHS OBJECTS FOLLOW, AND THE FASCINATING PHENOMENON OF PERTURBATIONS THAT SUBTLY ALTER THESE PATHS. By THE
END, YOU WILL POSSESS A SOLID FOUNDATION IN CELESTIAL MECHANICS, READY TO GAZE AT THE NIGHT SKY WITH NEWFOUND
INSIGHT.
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WHAT IS CELESTIAL MECHANICS?

CELESTIAL MECHANICS IS THE BRANCH OF ASTRONOMY AND PHYSICS THAT DEALS WITH THE MOTION OF CELESTIAL OBJECTS,
SUCH AS PLANETS, MOONS, STARS, ASTEROIDS, AND COMETS. [T IS ESSENTIALLY THE STUDY OF THE DYNAMICAL BEHAVIOR OF
THE UNIVERSE UNDER THE INFLUENCE OF GRAVITY. WHILE THE TERM MIGHT SOUND INTIMIDATING, AT ITS HEART, CELESTIAL
MECHANICS SEEKS TO ANSWER FUNDAMENTAL QUESTIONS ABOUT WHY AND HOW THESE MASSIVE BODIES MOVE THROUGH SPACE
AS THEY DO. IT's ABoOUT PREDICTABILITY, UNDERSTANDING PAST COSMIC EVENTS, AND FORECASTING FUTURE ASTRONOMICAL
PHENOMENA.

THE FIELD HAS A RICH HISTORY, EVOLVING FROM ANCIENT OBSERVATIONS TO SOPHISTICATED MODERN-DAY CALCULATIONS.
EARLY ASTRONOMERS METICULOUSLY TRACKED THE MOVEMENTS OF STARS AND PLANETS, LAYING THE GROUNDW ORK FOR MORE
THEORETICAL APPROACHES. THE DEVELOPMENT OF CALCULUS AND ADVANCED MATHEMATICAL TOOLS BY PIONEERS LIKE ISAAC
NEW TON REVOLUTIONIZED OUR ABILITY TO MODEL AND PREDICT THESE MOTIONS WITH REMARKABLE ACCURACY. TODAY,
CELESTIAL MECHANICS IS INDISPENSABLE FOR SPACE EXPLORATION, NAVIGATION, AND UNDERSTANDING THE FORMATION AND
EVOLUTION OF PLANETARY SYSTEMS AND GALAXIES.

THE Force THAT SHAPES THE Cosmos: GRAVITY

AT THE ABSOLUTE CORE OF CELESTIAL MECHANICS LIES GRAVITY, THE FUNDAMENTAL FORCE OF ATTRACTION BETWEEN ANY
TWO OBJECTS WITH MASS. IT'S THIS INVISIBLE PULL THAT KEEPS OUR FEET PLANTED ON EARTH, THE MOON IN ORBIT AROUND
OUR PLANET, AND THE EARTH ITSELF ORBITING THE SUN. THE STRENGTH OF THIS GRAVITATIONAL PULL DEPENDS DIRECTLY ON
THE MASSES OF THE OBJECTS INVOLVED AND INVERSELY ON THE SQUARE OF THE DISTANCE BETWEEN THEIR CENTERS. THIS SIMPLE
YET PROFOUND RELATIONSHIP IS WHAT DICTATES THE GRAND CHOREOGRAPHY OF THE UNIVERSE.

IMAGINE TWO BOWLING BALLS PLACED ON A STRETCHED RUBBER SHEET. THE HEAVIER BALLS CREATE DEPRESSIONS IN THE SHEET,
AND IF YOU ROLL A MARBLE NEARBY, IT WILL CURVE TOWARDS THE BALLS DUE TO THESE DEPRESSIONS. THIS IS A SIMPLIFIED
ANALOGY FOR HOW GRAVITY WORKS; MASSIVE OBJECTS WARP THE FABRIC OF SPACETIME AROUND THEM, AND OTHER OBJECTS
FOLLOW THESE WARPS, WHICH WE PERCEIVE AS ORBITAL MOTION.



THe UNIVERSAL NATURE OF GRAVITY

A KEY INSIGHT THAT REVOLUTIONIZED OUR UNDERSTANDING WAS RECOGNIZING THAT GRAVITY IS NOT UNIQUE TO EARTH. THE
SAME FORCE THAT CAUSES AN APPLE TO FALL FROM A TREE IS RESPONSIBLE FOR KEEPING THE MOON IN ITS ORBIT. THIS
UNIVERSALITY MEANS THAT EVERY OBJECT IN THE UNIVERSE EXERTS A GRAVITATIONAL PULL ON EVERY OTHER OBJECT,
HOWEVER MINUSCULE THAT PULL MIGHT BE FOR OBJECTS WITH SMALL MASSES OR VAST DISTANCES SEPARATING THEM. THIS
UNIVERSAL APPLICABILITY IS WHAT ALLOWS US TO MODEL THE COMPLEX INTERACTIONS WITHIN STAR SYSTEMS AND EVEN
ENTIRE GALAXIES.

GRAVITY AND ORBITS

GRAVITY IS THE ARCHITECT OF ORBITS. WITHOUT IT, CELESTIAL BODIES WOULD SIMPLY TRAVEL IN STRAIGHT LINES ACCORDING
To NEWTON'S FIRST LAW OF MOTION. |NSTEAD, THE CONTINUOUS PULL OF GRAVITY CONSTANTLY REDIRECTS THE MOTION OF
OBJECTS, FORCING THEM INTO CURVED PATHS. THIS DELICATE BALANCE BETWEEN AN OB_JECTIS FOR\W ARD MOMENTUM AND THE
GRAVITATIONAL PULL TOWARDS A CENTRAL MASS RESULTS IN STABLE, ELLIPTICAL ORBITS. UNDERSTANDING THE PRECISE
STRENGTH AND DIRECTION OF GRAVITATIONAL FORCES ALLOWS US TO CALCULATE THESE ORBITAL PATHS.

KepLER'S LAWS OF PLANETARY MOTION

BeFoRE ISAAC NEWTON FORMULATED HIS LAW OF UNIVERSAL GRAVITATION/JOHANNES KEPLER, THROUGH DILIGENT
OBSERVATION AND MATHEMATICAL ANALYSIS OF PLANETARY DATA, ESTABLISHED THREE EMPIRICAL LAWS THAT DESCRIBED
PLANETARY MOTION WITH UNPRECEDENTED ACCURACY. THESE LAWS, DERIVED FROM THE OBSERVATIONS OF TycHo BRAHE,
PROVIDED THE ESSENTIAL FRAMEWORK FOR LATER GRAVITATIONAL THEORIES AND REMAIN FUNDAMENTAL TO CELESTIAL
MECHANICS.

KepLER's FIRST LAW: THE LAW oF ELLIPSES

KEPLER'S FIRST LAW STATES THAT THE ORBIT OF EVERY PLANET IS AN ELLIPSE WITH THE SUN AT ONE OF THE TWO FOCI. AN
ELLIPSE IS ESSENTIALLY A SQUASHED CIRCLE. |T HAS TWO FOCAL POINTS, AND THE SUM OF THE DISTANCES FROM ANY POINT ON
THE ELLIPSE TO EACH FOCAL POINT IS CONSTANT. THIS MEANS THAT PLANETS DO NOT ORBIT IN PERFECT CIRCLES BUT IN
SLIGHTLY OVAL-SHAPED PATHS. THE SUN OCCUPIES ONE OF THESE FOCAL POINTS, NOT THE CENTER OF THE ELLIPSE, WHICH
EXPLAINS WHY A PLANET'S DISTANCE FROM THE SUN VARIES THROUGHOUT ITS ORBIT.

KepLER's SECOND LAW: THE LAW oF EQUAL AREAS

THIS LAW DESCRIBES HOW A PLANET'S SPEED CHANGES AS IT ORBITS THE SUN. KEPLER'S SECOND LAW STATES THAT A LINE
SEGMENT JOINING A PLANET AND THE SUN SWEEPS OUT EQUAL AREAS DURING EQUAL INTERVALS OF TIME. IN SIMPLER TERMS, A
PLANET MOVES FASTER WHEN IT IS CLOSER TO THE SUN (AT PERIHELION) AND SLOWER WHEN IT IS FARTHER AWAY (AT
APHELION). THIS LAW HIGHLIGHTS THE DYNAMIC NATURE OF ORBITAL SPEEDS, WHICH ARE NOT CONSTANT BUT VARY BASED ON
THE PLANET’S POSITION IN ITS ELLIPTICAL PATH.

KepLer's THIRD LAW: THE LAW oF HARMONIES

KEPLER'S THIRD LAW RELATES THE ORBITAL PERIOD OF A PLANET TO THE SIZE OF ITS ORBIT. |IT STATES THAT THE SQUARE OF
THE ORBITAL PERIOD (THE TIME IT TAKES FOR A PLANET TO COMPLETE ONE ORBIT) IS DIRECTLY PROPORTIONAL TO THE CUBE OF



THE SEMI"MAJOR AXIS OF ITS ORBIT (\X/HICH IS ESSENTIALLY HALF THE LONGEST DIAMETER OF THE ELLIPSE). THIS LAW IS
REMARKABLE BECAUSE IT REVEALS A MATHEMATICAL RELATIONSHIP BETWEEN THE ORBITS OF DIFFERENT PLANETS AROUND THE
SAME STAR, SUGGESTING A UNIVERSAL UNDERLYING PRINCIPLE GOVERNING THEIR MOTION.

NewToN’s UNIVERSAL LAW OF GRAVITATION

BUILDING UPON KEPLER'S LAWS AND HIS OWN INSIGHTS INTO MOTION, ISAAC NEWTON FORMULATED HIS MONUMENTAL LAW OF
UNIVERSAL GRAVITATION. THIS LAW PROVIDED THE PHYSICAL EXPLANATION FOR WHY CELESTIAL BODIES MOVE AS DESCRIBED

BY KEPLER, UNIFYING TERRESTRIAL AND CELESTIAL MECHANICS UNDER A SINGLE, ELEGANT PRINCIPLE. NEWTON'S LAW IS ONE OF

THE MOST IMPORTANT SCIENTIFIC LAWS EVER DISCOVERED, PROVIDING THE FOUNDATION FOR MUCH OF OUR UNDERSTANDING OF
THE COSMOS.

THE LAW STATES THAT EVERY PARTICLE OF MATTER IN THE UNIVERSE ATTRACTS EVERY OTHER PARTICLE WITH A FORCE THAT
IS DIRECTLY PROPORTIONAL TO THE PRODUCT OF THEIR MASSES AND INVERSELY PROPORTIONAL TO THE SQUARE OF THE
DISTANCE BETWEEN THEIR CENTERS. THIS CAN BE EXPRESSED MATHEMATICALLY AS: F =G (M1 M2) / R"2, WHERE F IS THE
GRAVITATIONAL FORCE, G IS THE GRAVITATIONAL CONSTANT, M1 AND M2 ARE THE MASSES OF THE TWO OBJECTS, AND R IS
THE DISTANCE BETWEEN THEIR CENTERS. THE GRAVITATIONAL CONSTANT, G, IS A UNIVERSAL VALUE THAT QUANTIFIES THE
STRENGTH OF GRAVITY.

THE PowER OF THE INVERSE SQUARE LAW

THE “INVERSELY PROPORTIONAL TO THE SQUARE OF THE DISTANCE” PART OF NEWTON'S LAW IS CRUCIAL. |T MEANS THAT IF
YOU DOUBLE THE DISTANCE BETWEEN TWO OBJECTS, THE GRAVITATIONAL FORCE BETWEEN THEM BECOMES FOUR TIMES WEAKER
(2 SQUARED). IF YOU TRIPLE THE DISTANCE, THE FORCE BECOMES NINE TIMES WEAKER (3 SQUARED). THIS RAPID DECREASE IN
FORCE WITH DISTANCE EXPLAINS WHY THE SUN'S GRAVITATIONAL INFLUENCE IS DOMINANT ON THE PLANETS IN OUR SOLAR
SYSTEM, EVEN THOUGH DISTANT STARS ALSO EXERT A GRAVITATIONAL PULL ON US.

NEWTON'S SYNTHESIS

NEWTON’S GENIUS WAS IN RECOGNIZING THAT THE FORCE PULLING AN APPLE TO THE GROUND WAS THE SAME FORCE KEEPING THE
MOON IN ORBIT AROUND THE EARTH, AND THE EARTH IN ORBIT AROUND THE SUN. HE USED HIS LAWS OF MOTION AND HIS LAW
OF UNIVERSAL GRAVITATION TO EXPLAIN KEPLER'S EMPIRICAL LAWS. HIS WORK DEMONSTRATED THAT CELESTIAL BODIES
FOLLOW PREDICTABLE PATHS GOVERNED BY UNIVERSAL PHYSICAL LAWS, USHERING IN A NEW ERA OF SCIENTIFIC INQUIRY AND
PAVING THE WAY FOR FUTURE DISCOVERIES IN ASTRONOMY AND PHYSICS.

UNDERSTANDING ORBITAL MECHANICS

ORBITAL MECHANICS IS THE STUDY OF THE PATHS OR TRAJECTORIES OF OBJECTS IN SPACE, PRIMARILY UNDER THE INFLUENCE OF
GRAVITY. IT'S THE PRACTICAL APPLICATION OF CELESTIAL MECHANICS PRINCIPLES TO UNDERSTAND AND PREDICT THE MOTION OF
SATELLITES, SPACECRAFT, PLANETS, AND STARS. THIS FIELD IS VITAL FOR EVERYTHING FROM LAUNCHING ROCKETS TO PLANNING
INTERPLANETARY MISSIONS.

AN ORBIT IS ESSENTIALLY A STABLE TRAJECTORY FOLLOWED BY AN OBJECT AROUND ANOTHER OBJECT DUE TO GRAVITATIONAL
ATTRACTION. THE SHAPE AND SIZE OF AN ORBIT ARE DETERMINED BY THE MASSES OF THE OBJECTS INVOLVED, THEIR RELATIVE
VELOCITIES, AND THE GRAVITATIONAL FORCES BETWEEN THEM. \W/HILE KEPLER DESCRIBED THE SHAPES OF ORBITS AS ELLIPSES,
ORBITAL MECHANICS DELVES INTO THE PRECISE MATHEMATICAL DESCRIPTIONS AND CALCULATIONS NEEDED TO NAVIGATE THESE
PATHS.



Key OrBITAL ELEMENTS

TO DESCRIBE AN ORBIT PRECISELY, A SET OF PARAMETERS CALLED ORBITAL ELEMENTS IS USED. THESE ELEMENTS DEFINE THE SIZE,
SHAPE, AND ORIENTATION OF THE ORBIT IN SPACE. COMMON ORBITAL ELEMENTS INCLUDE:

® SEMI-MAJOR AXIS: DEFINES THE SIZE OF THE ORBIT.

o ECCENTRICITY: DEFINES THE SHAPE OF THE ORBIT (O FOR A PERFECT CIRCLE, CLOSE TO 1 FOR A VERY ELONGATED
ELLIPSE).

® |NCLINATION: THE ANGLE BETWEEN THE ORBITAL PLANE AND A REFERENCE PLANE (E.G., EARTH'S EQUATORIAL PLANE).
® | ONGITUDE OF THE ASCENDING NODE: DEFINES THE ORIENTATION OF THE ORBIT IN SPACE.
® ARGUMENT OF PERIAPSIS: DEFINES THE ORIENTATION OF THE ELLIPSE WITHIN ITS PLANE.

e TRUE ANOMALY: SPECIFIES THE POSITION OF THE OBJECT ALONG ITS ORBIT AT A PARTICULAR TIME.

Types oF OrBITS

CELESTIAL BODIES AND ARTIFICIAL SATELLITES CAN OCCUPY VARIOUS TYPES OF ORBITS DEPENDING ON THEIR ENERGY AND
TRAJECTORY. SOME COMMON TYPES INCLUDE:

e ELLIPTICAL ORBITS: THE MOST COMMON TYPE, WHERE OBJECTS ORBIT IN AN OVAL SHAPE AROUND A CENTRAL BODY.
e CIRCULAR ORBITS: A SPECIAL CASE OF AN ELLIPTICAL ORBIT WHERE THE ECCENTRICITY IS ZERO.

e PARABOLIC AND HyPERBOLIC ORBITS: THESE ARE OPEN TRAJECTORIES WHERE AN OBJECT PASSES BY A CENTRAL BODY
AND DOES NOT RETURN, OFTEN SEEN WITH COMETS.

e GEOSTATIONARY ORBITS: A CIRCULAR ORBIT DIRECTLY ABOVE EARTH'S EQUATOR, WHERE A SATELLITE APPEARS
STATIONARY FROM THE GROUND.

PERTURBATIONS AND THEIR IMPACT

W/HILE THE IDEALIZED MODELS OF CELESTIAL MECHANICS, LIKE KePLER'S LAWS AND NEWTON’'S BASIC GRAVITATIONAL LAWY,
PROVIDE A STRONG FOUNDATION, REAL-WORLD CELESTIAL MOTION IS OFTEN MORE COMPLEX. THIS COMPLEXITY ARISES FROM
PERTURBATIONS, WHICH ARE DEVIATIONS FROM THE PERFECT, IDEALIZED ELLIPTICAL ORBITS. THESE DEVIATIONS ARE CAUSED BY
VARIOUS FACTORS THAT SUBTLY ALTER THE GRAVITATIONAL FORCES ACTING ON A CELESTIAL BODY.

IN A SIMPLIFIED TWO-BODY SYSTEM (E.G.,_JUST THE EARTH AND THE SUN), THE ORBITS WOULD BE PERFECTLY PREDICTABLE AND
UNCHANGING ELLIPSES. HO\X/EVER, IN REALITY, THERE ARE MULTIPLE CELESTIAL BODIES, EACH EXERTING ITS OWN GRAVITATIONAL
PULL. THE PRESENCE OF OTHER PLANETS, MOONS, ASTEROIDS, AND EVEN THE NON-SPHERICAL SHAPE OF THE CENTRAL BODY
ITSELF INTRODUCE THESE DISTURBING FORCES, OR PERTURBATIONS.



SOURCES OF PERTURBATIONS

SEVERAL FACTORS CAN CAUSE PERTURBATIONS IN CELESTIAL ORBITS:

e GRAVITATIONAL INFLUENCE OF OTHER CELESTIAL BODIES: THE MOST SIGNIFICANT SOURCE OF PERTURBATIONS IS THE
GRAVITATIONAL PULL OF OTHER PLANETS, MOONS, AND EVEN LARGE ASTEROIDS. For EXAMPLE, THE MOON’'S GRAVITY
PERTURBS EARTH'S ORBIT, ANDJUPITERIS IMMENSE GRAVITY SIGNIFICANTLY INFLUENCES THE ORBITS OF OTHER PLANETS
IN OUR SOLAR SYSTEM.

® NON-SPHERICAL SHAPE OF CELESTIAL BODIES: PLANETS AND STARS ARE NOT PERFECT SPHERES, THEY ARE OFTEN
FLATTENED AT THE POLES AND BULGE AT THE EQUATOR DUE TO ROTATION. THIS NON-SPHERICAL SHAPE CREATES
UNEVEN GRAVITATIONAL FIELDS THAT CAUSE DEVIATIONS FROM PERFECT ELLIPTICAL ORBITS, ESPECIALLY FOR
SATELLITES IN LOW ORBITS.

® ATMOSPHERIC DRAG: FOR OBJECTS IN LOW EARTH ORBIT, ATMOSPHERIC DRAG, THOUGH SMALL, CAN CAUSE ORBITS TO
DECAY OVER TIME, LEADING TO A GRADUAL DESCENT TOWARDS THE EARTH'S SURFACE.

® SOLAR RADIATION PRESSURE: THE PRESSURE EXERTED BY SUNLIGHT CAN ALSO SUBTLY ALTER THE ORBITS OF
SPACECRAFT AND SMALLER CELESTIAL BODIES, ESPECIALLY THOSE WITH LARGE SURFACE AREAS RELATIVE TO THEIR
MASS.

UNDERSTANDING AND ACCURATELY CALCULATING THESE PERTURBATIONS IS CRUCIAL FOR LONG-TERM SPACE MISSIONS, SUCH AS
NAVIGATING SPACECRAFT TO DISTANT PLANETS OR PRECISELY PREDICTING THE POSITIONS OF ASTEROIDS THAT MIGHT POSE A
THREAT. ADVANCED CELESTIAL MECHANICS MODELS INCORPORATE THESE PERTURBING FORCES TO PROVIDE HIGHLY ACCURATE
PREDICTIONS OF CELESTIAL OBJECT TRAJECTORIES.

THE STUDY OF CELESTIAL MECHANICS, EVEN AT A BEGINNER'S LEVEL, REVEALS THE EXQUISITE ORDER AND INTERCONNECTEDNESS
OF THE UNIVERSE. FROM THE FUNDAMENTAL FORCE OF GRAVITY TO THE INTRICATE DANCE OF ORBITS, THESE PRINCIPLES EXPLAIN
THE PREDICTABLE YET DYNAMIC NATURE OF THE COSMOS. AS WE CONTINUE TO EXPLORE SPACE AND REFINE OUR
UNDERSTANDING, CELESTIAL MECHANICS REMAINS A VITAL AND EVER"EVOLVING FIELD, OFFERING INSIGHTS INTO THE PAST,
PRESENT, AND FUTURE OF THE CELESTIAL REALM.












FAQ

QZ \WHAT IS THE MOST IMPORTANT CONCEPT IN CELESTIAL MECHANICS FOR BEGINNERS?

A: THE MOST IMPORTANT CONCEPT FOR BEGINNERS IN CELESTIAL MECHANICS IS UNDOUBTEDLY GRAVITY, SPECIFICALLY
NewToN's LAW oF UNIVERSAL GRAVITATION. UNDERSTANDING THAT GRAVITY IS A UNIVERSAL FORCE OF ATTRACTION
BETWEEN ALL OBJECTS WITH MASS, AND HOW ITS STRENGTH DEPENDS ON MASS AND DISTANCE, IS FUNDAMENTAL TO GRASPING
WHY CELESTIAL BODIES MOVE THE WAY THEY DO.

Q: How po KEPLER'S LAWS HELP US UNDERSTAND ORBITS?

A: KEPLER'S LAWS PROVIDE AN EMPIRICAL DESCRIPTION OF PLANETARY MOTION. HIS FIRST LAW EXPLAINS THAT ORBITS ARE
ELLIPTICAL, NOT CIRCULAR. HIS SECOND LAW DESCRIBES HOW A PLANET'S SPEED VARIES IN ITS ORBIT, MOVING FASTER WHEN
CLOSER TO THE SUN AND SLOWER WHEN FARTHER AWAY. HIS THIRD LAW RELATES THE ORBITAL PERIOD OF A PLANET TO THE
SIZE OF ITS ORBIT, SHOWING A MATHEMATICAL HARMONY BETWEEN DIFFERENT PLANETS. THESE LAWS DESCRIBE THE 'WHAT' OF
ORBITS, WHICH NEWTON’'S LAWS LATER EXPLAINED THE ‘WHY'.

QZ IS CELESTIAL MECHANICS ONLY ABOUT PLANETS AND STARS?

A: NO/ CELESTIAL MECHANICS APPLIES TO THE MOTION OF ALL CELESTIAL BODIES, INCLUDING MOONS, ASTEROIDS, COMETS,
GALAXIES, AND EVEN ARTIFICIAL SATELLITES AND SPACECRAFT. ANY OBJECT IN SPACE INFLUENCED BY GRAVITY FALLS UNDER THE
PURVIEW OF CELESTIAL MECHANICS.

QZ \WHAT IS THE DIFFERENCE BETWEEN CELESTIAL MECHANICS AND ORBITAL MECHANICS?

A: CELESTIAL MECHANICS IS THE BROADER FIELD THAT STUDIES THE MOTION OF CELESTIAL OBJECTS UNDER GRAVITY. ORBITAL
MECHANICS IS A SUB-DISCIPLINE OF CELESTIAL MECHANICS THAT FOCUSES SPECIFICALLY ON THE STUDY OF ORBITS,
PARTICULARLY THE CALCULATION AND PREDICTION OF TRAJECTORIES FOR SATELLITES AND SPACECRAFT.

Q: How DoES THE SUN'S GRAVITY AFFECT EARTH'S ORBIT?

A: THE SUN’S IMMENSE GRAVITY IS THE PRIMARY FORCE THAT KEEPS EARTH IN ITS ORBIT. |T CONSTANTLY PULLS EARTH
TOWARDS THE SUN, COUNTERACTING EARTH'S TENDENCY TO MOVE IN A STRAIGHT LINE. THIS BALANCE BETWEEN EARTH'S
INERTIA AND THE SUN'S GRAVITATIONAL PULL RESULTS IN EARTH'S STABLE, NEARLY ELLIPTICAL ORBIT.

Q: WHAT ARE "PERTURBATIONS” IN CELESTIAL MECHANICS?

A: PERTURBATIONS ARE DEVIATIONS FROM IDEAL, PREDICTABLE ORBITS CAUSED BY THE GRAVITATIONAL INFLUENCE OF OTHER
CELESTIAL BODIES, THE NON-SPHERICAL SHAPE OF PLANETS, OR OTHER MINOR FORCES LIKE SOLAR RADIATION PRESSURE. THEY
MAKE ORBITS SLIGHTLY MORE COMPLEX THAN SIMPLE ELLIPSES.

Q: Do OBJECTS IN SPACE ALWAYS MOVE IN ELLIPSES?

A:NoT ALWAYS. WHILE ELLIPSES ARE COMMON FOR BOUND ORBITS (\X/HERE AN OBJECT ORBITS ANOTHER AND REMAINS IN ITS
VICINITY), OBJECTS CAN ALSO FOLLOW PARABOLIC OR HYPERBOLIC TRAJECTORIES IF THEY HAVE ENOUGH VELOCITY TO ESCAPE
THE GRAVITATIONAL PULL OF A CENTRAL BODY.
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