ROCKET MATH

UNDERSTANDING ROCKET MATH: FROM BASIC PRINCIPLES TO ADVANCED
APPLICATIONS

ROCKET MATH IS A FASCINATING AND ESSENTIAL FIELD THAT UNDERPINS THE INCREDIBLE ACHIEVEMENTS OF SPACE EXPLORATION.
[T°S NOT JUST ABOUT SENDING ROCKETS INTO ORBIT, IT’S A COMPLEX INTERPLAY OF PHYSICS, CALCULUS, ENGINEERING, AND
ADVANCED COMPUTATIONAL TECHNIQUES THAT ALLOWS US TO UNDERSTAND, DESIGN, AND CONTROL THESE MAGNIFICENT
MACHINES. FROM CALCULATING THE PRECISE THRUST NEEDED FOR LIFTOFF TO CHARTING THE TRAJECTORIES THAT CARRY US TO
DISTANT PLANETS, ROCKET MATH IS THE INVISIBLE FORCE BEHIND EVERY SUCCESSFUL MISSION. THIS ARTICLE WILL DELVE INTO
THE FUNDAMENTAL CONCEPTS, EXPLORE THE ESSENTIAL MATHEMATICAL TOOLS, DISCUSS PRACTICAL APPLICATIONS, AND
TOUCH UPON THE FUTURE OF THIS CRITICAL DISCIPLINE, PROVIDING A COMPREHENSIVE OVERVIEW FOR ANYONE CURIOUS ABOUT
THE SCIENCE OF SPACEFLIGHT.
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THe CorEe PRINCIPLES OF ROCKET SCIENCE

AT ITS HEART, ROCKET SCIENCE IS GOVERNED BY FUNDAMENTAL LAWS OF PHYSICS, PRIMARILY NEWTON’S LAWS OF MOTION.
THE MOST CRUCIAL OF THESE IS NEWTON'S THIRD LAW oF MoTION: “FOR EVERY ACTION, THERE IS AN EQUAL AND OPPOSITE
REACTION.” THIS IS THE BEDROCK UPON WHICH ALL ROCKET PROPULSION IS BUILT. A ROCKET EXPELS MASS (HOT GAS) AT HIGH
VELOCITY IN ONE DIRECTION, AND THIS EXPULSION CREATES AN EQUAL AND OPPOSITE FORCE — THRUST — THAT PROPELS THE
ROCKET IN THE OTHER DIRECTION. UNDERSTANDING THIS SIMPLE YET PROFOUND PRINCIPLE IS THE FIRST STEP IN GRASPING THE
COMPLEXITIES OF ROCKET MATH.

BEYOND THE BASIC ACTION-REACTION PRINCIPLE, ENGINEERS MUST ALSO CONSIDER NewTON'S SEcond LAW oF MOTION, WHICH
STATES THAT FORCE EQUALS MASS TIMES ACCELERATION (F:MA). THIS LAW IS PARAMOUNT IN DETERMINING HOW MUCH
THRUST IS REQUIRED TO ACHIEVE A DESIRED ACCELERATION, TAKING INTO ACCOUNT THE ROCKET'S MASS, WHICH CHANGES
SIGNIFICANTLY AS FUEL IS CONSUMED. THE INTERPLAY BETWEEN THESE LAWS FORMS THE FOUNDATION FOR CALCULATING
PROPULSION REQUIREMENTS AND PREDICTING A ROCKET'S PERFORMANCE.

ANOTHER CRITICAL CONCEPT IS THE CONSERVATION OF MOMENTUM. IN A CLOSED SYSTEM, THE TOTAL MOMENTUM REMAINS
CONSTANT. AS A ROCKET EJECTS PROPELLANT, ITS MOMENTUM CHANGES, AND TO CONSERVE THE TOTAL MOMENTUM, THE
ROCKET ITSELF MUST GAIN MOMENTUM IN THE OPPOSITE DIRECTION. THIS PRINCIPLE IS MATHEMATICALLY EXPRESSED IN THE
TSIOLKOVSKY ROCKET EQUATION, A CORNERSTONE OF ROCKET ENGINEERING, WHICH WE WILL EXPLORE FURTHER.



EssenNTIAL MATHEMATICAL CONCEPTS IN ROCKETRY

THE FIELD OF ROCKET MATH RELIES HEAVILY ON A ROBUST UNDERSTANDING OF VARIOUS MATHEMATICAL DISCIPLINES.
CALCULUS, IN PARTICULAR, IS INDISPENSABLE. DERIVATIVES ARE USED TO DESCRIBE INSTANTANEOUS RATES OF CHANGE, SUCH
AS VELOCITY AND ACCELERATION, WHILE INTEGRALS ARE USED TO CALCULATE ACCUMULATED QUANTITIES, LIKE DISTANCE
TRAVELED OR CHANGES IN MOMENTUM OVER TIME. THE DYNAMIC NATURE OF A ROCKET'S MASS AND VELOCITY NECESSITATES THE
USE OF DIFFERENTIAL EQUATIONS TO MODEL ITS FLIGHT PATH ACCURATELY.

LINEAR ALGEBRA ALSO PLAYS A SIGNIFICANT ROLE, ESPECIALLY IN DEALING WITH VECTORS. \/ELOCITY, ACCELERATION, FORCE,
AND POSITION ARE ALL VECTOR QUANTITIES, MEANING THEY HAVE BOTH MAGNITUDE AND DIRECTION. UNDERSTANDING HOW TO
MANIPULATE AND COMBINE THESE VECTORS IS ESSENTIAL FOR TASKS SUCH AS CALCULATING RESULTANT FORCES, DETERMINING
ATTITUDE CONTROL, AND RESOLVING FORCES IN MULTIPLE DIMENSIONS.

TRIGONOMETRY IS FUNDAMENTAL FOR CALCULATING ANGLES, DISTANCES, AND RELATIONSHIPS IN GEOMETRIC PROBLEMS.
\WHETHER IT'S DETERMINING THE ANGLE OF A ROCKET'S TRAJECTORY RELATIVE TO THE EARTH'S HORIZON OR CALCULATING THE
DISTANCE TO A CELESTIAL BODY, TRIGONOMETRIC FUNCTIONS ARE CONSTANTLY EMPLOYED. FURTHERMORE, STATISTICAL
ANALYSIS AND PROBABILITY ARE OFTEN USED IN MISSION PLANNING AND RISK ASSESSMENT, HELPING ENGINEERS ACCOUNT FOR
UNCERTAINTIES IN PERFORMANCE AND ENVIRONMENTAL CONDITIONS.

THe TsioLkovskY ROCKET EQUATION

THE TSIOLKOVSKY ROCKET EQUATION IS ARGUABLY THE MOST FAMOUS EQUATION IN ROCKET SCIENCE, AND FOR GOOD REASON.
|T QUANTIFIES THE CHANGE IN VELOCITY (DELTA‘V) THAT A ROCKET CAN ACHIEVE BASED ON ITS INITIAL AND FINAL MASS, AND
THE EXHAUST VELOCITY OF ITS PROPELLANT. THE EQUATION IS: AV = VE LN(MO/MF)/ WHERE AV IS THE CHANGE IN VELOCITY,
VE IS THE EFFECTIVE EXHAUST VELOCITY OF THE PROPELLANT, MO IS THE INITIAL MASS OF THE ROCKET (INCLUDING
PROPELLANT), AND MF IS THE FINAL MASS OF THE ROCKET AFTER ALL PROPELLANT IS CONSUMED. THIS EQUATION HIGHLIGHTS A
KEY CHALLENGE: TO ACHIEVE A HIGHER DELTA-V, A ROCKET NEEDS EITHER A HIGHER EXHAUST VELOCITY (\X/HICH IS LIMITED BY
PROPELLANT TECHNOLOGY) OR A HIGHER MASS RATIO (MEANING A LARGER PROPORTION OF THE ROCKET MUST BE PEOPELLANT).

UNDERSTANDING THE IMPLICATIONS OF THE T SIOLKOVSKY ROCKET EQUATION HELPS ENGINEERS DESIGN ROCKETS THAT ARE MORE
EFFICIENT. |T SHOWS WHY STAGING IS SO CRUCIAL IN SPACEFLIGHT, BY SHEDDING EMPTY FUEL TANKS, THE ROCKET REDUCES ITS
FINAL MASS (MF), THERERY INCREASING ITS MASS RATIO AND ACHIEVING A GREATER DELTA-V FOR SUBSEQUENT STAGES. THIS
PRINCIPLE IS A DIRECT RESULT OF THE MATHEMATICAL RELATIONSHIP DEFINED BY THE EQUATION.

NUMERICAL METHODS AND SIMULATIONS

W/HILE ANALYTICAL SOLUTIONS ARE IDEAL, MANY REAL-\WORLD ROCKET PROBLEMS BECOME TOO COMPLEX TO SOLVE WITH
SIMPLE EQUATIONS. THIS IS WHERE NUMERICAL METHODS COME INTO PLAY. TECHNIQUES LIKE RUNGE-KUTTA METHODS ARE USED
TO APPROXIMATE SOLUTIONS TO DIFFERENTIAL EQUATIONS, ALLOWING ENGINEERS TO MODEL THE CONTINUOUS MOTION OF A
ROCKET THROUGH THE ATMOSPHERE AND IN THE VACUUM OF SPACE. | HESE METHODS BREAK DOWN COMPLEX PROBLEMS INTO A
SERIES OF SMALL, MANAGEABLE STEPS, MAKING THEM SUITABLE FOR COMPUTER SIMULATIONS.

COMPUTER SIMULATIONS ARE AN INDISPENSABLE TOOL IN MODERN ROCKET ENGINEERING. THEY ALLOW ENGINEERS TO TEST
DIFFERENT DESIGNS, PROPELLANT COMBINATIONS, AND FLIGHT PROFILES VIRTUALLY BEFORE COMMITTING TO EXPENSIVE PHYSICAL
PROTOTYPES. THESE SIMULATIONS CAN MODEL EVERY THING FROM ATMOSPHERIC DRAG AND AERODYNAMIC FORCES TO
GRAVITATIONAL INFLUENCES AND ENGINE PERFORMANCE, PROVIDING A COMPREHENSIVE PICTURE OF A ROCKET'S BEHAVIOR. THE
ACCURACY OF THESE SIMULATIONS IS ENTIRELY DEPENDENT ON THE QUALITY AND COMPLEXITY OF THE UNDERLYING ROCKET
MATH.



CALCULATING TRAJECTORIES AND ORBITS

ONCE A ROCKET ACHIEVES ORBIT, THE PRINCIPLES OF CELESTIAL MECHANICS AND ORBITAL MECHANICS TAKE OVER. THIS BRANCH
OF ROCKET MATH DEALS WITH THE MOTION OF CELESTIAL BODIES, INCLUDING SPACECRAFT. IT's HEAVILY BASED ON NEWTON'S
LAW OF UNIVERSAL GRAVITATION, WHICH DESCRIBES THE ATTRACTIVE FORCE BETWEEN ANY TWO OBJECTS WITH MASS. THIS
FORCE IS WHAT KEEPS PLANETS IN ORBIT AROUND STARS AND MOONS AROUND PLANETS.

(UNDERST ANDING ORBITAL MECHANICS ALLOWS US TO CALCULATE PRECISE TRAJECTORIES FOR SPACECRAFT. THIS INVOLVES
DETERMINING THE SPECIFIC ENERGY AND ANGULAR MOMENTUM REQUIRED TO ENTER A PARTICULAR ORBIT, CHANGE ORBITS, OR
ESCAPE THE GRAVITATIONAL PULL OF A CELESTIAL BODY. CONCEPTS LIKE HOHMANN TRANSFER ORBITS — THE MOST ENERGY -
EFFICIENT WAY TO MOVE BETWEEN TWO CIRCULAR ORBITS IN THE SAME PLANE — ARE DIRECT APPLICATIONS OF THESE
CALCULATIONS.

THE MATH BEHIND ORBITAL MANEUVERS IS INTRICATE. |T INVOLVES CALCULATING THE REQUIRED DELTA-V FOR BURNS AT
SPECIFIC POINTS IN AN ORBIT. THESE CALCULATIONS MUST ACCOUNT FOR THE GRAVITATIONAL PULL OF MULTIPLE BODIES, THE
ROTATION OF PLANETS, AND OTHER PERTURBATIONS. SOPHISTICATED SOFTWARE, BUILT ON THESE FUNDAMENTAL
MATHEMATICAL PRINCIPLES, IS USED BY MISSION CONTROL TO GUIDE SPACECRAFT WITH INCREDIBLE PRECISION ACROSS VAST
DISTANCES.

THE RoLE oF PHYsICS IN ROCKET EQUATION

IT’S IMPOSSIBLE TO DISCUSS ROCKET MATH WITHOUT ACKNOWLEDGING ITS DEEP ROOTS IN PHYSICS. THE VERY CONCEPT OF
THRUST, AS MENTIONED, IS A DIRECT APPLICATION OF NewTON'S THIRD LAW. BUT THE PHYSICS INVOLVED EXTENDS MUCH
FURTHER. THE EFFICIENCY OF A ROCKET ENGINE, FOR EXAMPLE, IS GOVERNED BY THERMODYNAMICS. THE COMBUSTION OF
PROPELLANTS RELEASES ENERGY, AND HOW THIS ENERGY IS CONVERTED INTO KINETIC ENERGY OF THE EXHAUST GASES IS A
COMPLEX THERMODYNAMIC PROCESS.

FLUID DYNAMICS IS ANOTHER CRITICAL AREA OF PHYSICS THAT INFORMS ROCKET MATH. AS A ROCKET ASCENDS THROUGH THE
ATMOSPHERE, IT EXPERIENCES AERODYNAMIC FORCES LIKE DRAG AND LIFT. UNDERSTANDING HOW AIR FLOWS AROUND THE ROCKET
AT DIFFERENT SPEEDS AND ALTITUDES IS CRUCIAL FOR DESIGNING STABLE AND EFFICIENT ROCKETS. THE SHAPE OF THE ROCKET,
THE FINS, AND OTHER AERODYNAMIC SURFACES ARE ALL OPTIMIZED USING PRINCIPLES OF FLUID DYNAMICS.

THE IMMENSE FORCES INVOLVED IN LAUNCHING A ROCKET ALSO REQUIRE AN UNDERSTANDING OF MATERIAL SCIENCE AND
STRUCTURAL MECHANICS, WHICH ARE BRANCHES OF PHYSICS. ENGINEERS MUST CALCULATE THE STRESSES AND STRAINS ON THE
ROCKET'S STRUCTURE TO ENSURE IT CAN WITHSTAND THE EXTREME CONDITIONS OF LAUNCH AND FLIGHT. THIS INVOLVES USING
EQUATIONS FROM SOLID MECHANICS TO PREDICT HOW MATERIALS WILL BEHAVE UNDER LOAD.

APPLICATIONS OF ROCKET MATH IN SPACE EXPLORATION

THE APPLICATIONS OF ROCKET MATH ARE AS BOUNDLESS AS SPACE ITSELF. EVERY SUCCESSFUL SPACE MISSION, FROM
LAUNCHING SATELLITES THAT PROVIDE US WITH COMMUNICATION AND WEATHER DATA TO SENDING PROBES TO EXPLORE
DISTANT GALAXIES, IS A TESTAMENT TO THE POWER OF THIS DISCIPLINE. SATELLITE ORBITS ARE METICULOUSLY CALCULATED
AND MAINTAINED USING ORBITAL MECHANICS, ENSURING THEIR CONTINUOUS FUNCTIONALITY.

INTERPLANET ARY MISSIONS, SUCH AS THOSE TO MARS ORJUPITER, REQUIRE INCREDIBLY COMPLEX TRAJECTORY CALCULATIONS.
THESE MISSIONS OFTEN INVOLVE GRAVITATIONAL ASSISTS, WHERE A SPACECRAFT USES THE GRAVITY OF A PLANET TO ALTER
ITS SPEED AND DIRECTION, SAVING SIGNIFICANT AMOUNTS OF FUEL. THE PRECISE TIMING AND ANGLE OF THESE MANEUVERS ARE
CRITICAL AND ARE DETERMINED THROUGH ADVANCED ROCKET MATH.

EVEN SEEMINGLY SIMPLE TASKS LIKE LANDING A SPACECRAFT ON AN ALIEN WORLD ARE FEATS OF INTRICATE ROCKET MATH. THE



DESCENT PROFILE, THRUSTER FIRINGS, AND SENSOR READINGS ARE ALL PROCESSED AND CONTROLLED USING COMPLEX ALGORITHMS
DERIVED FROM PHYSICS AND MATHEMATICS TO ENSURE A SOFT AND SAFE LANDING. W/ITHOUT THIS SOPHISTICATED
MATHEMATICAL FRAMEWORK, HUMANITY'S REACH INTO THE COSMOS WOULD BE SEVERELY LIMITED.

FUTURE TRENDS IN ROCKET MATH

THE FUTURE OF ROCKET MATH IS INEXTRICABLY LINKED TO THE ONGOING EVOLUTION OF SPACE EXPLORATION. AS WE AIM FOR
MORE AMBITIOUS MISSIONS, SUCH AS CREWED MISSIONS TO MARS OR THE ESTABLISHMENT OF LUNAR BASES, THE COMPLEXITY
OF THE REQUIRED CALCULATIONS WILL ONLY INCREASE. ADVANCEMENTS IN ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING ARE
BEGINNING TO PLAY A LARGER ROLE, AIDING IN OPTIMIZING TRAJECTORIES AND DEVELOPING MORE ROBUST CONTROL SYSTEMS.

THE DEVELOPMENT OF NEW PROPULSION SYSTEMS, SUCH AS ELECTRIC PROPULSION OR EVEN THEORETICAL CONCEPTS LIKE WARP
DRIVES, WILL NECESSITATE THE CREATION OF ENTIRELY NEW MATHEMATICAL MODELS AND EQUATIONS. THESE SYSTEMS OPERATE
ON DIFFERENT PHYSICAL PRINCIPLES, REQUIRING A FRESH LOOK AT THE FUNDAMENTAL EQUATIONS THAT GOVERN SPACEFLIGHT.
THE QUEST FOR GREATER EFFICIENCY AND SPEED WILL CONTINUE TO DRIVE INNOVATION IN ROCKET MATH.

FURTHERMORE, THE INCREASING PRIVATIZATION OF SPACE AND THE RISE OF REUSABLE ROCKET TECHNOLOGY DEMAND MORE
SOPHISTICATED REAL-TIME TRAJECTORY CORRECTION AND PERFORMANCE OPTIMIZATION. THIS REQUIRES FASTER, MORE ADAPTIVE
MATHEMATICAL ALGORITHMS THAT CAN HANDLE DYNAMIC CHANGES IN FLIGHT CONDITIONS AND VEHICLE CONFIGURATION. THE
FIELD IS CONSTANTLY EVOLVING, PUSHING THE BOUNDARIES OF WHAT WE THOUGHT WAS POSSIBLE.

THE HUMAN ELEMENT IN ROCKET MATH

W/HILE COMPUTERS AND SOPHISTICATED SOFTWARE ARE ESSENTIAL TOOLS, THE HUMAN ELEMENT REMAINS PARAMOUNT IN
ROCKET MATH. |T IS HUMAN INGENUITY, CREATIVITY, AND A DEEP UNDERSTANDING OF FUNDAMENTAL PRINCIPLES THAT DRIVE
PROGRESS. THE MATHEMATICIANS AND ENGINEERS WHO DEVELOP THESE COMPLEX EQUATIONS, DESIGN THE SIMULATIONS, AND
INTERPRET THE RESULTS ARE THE TRUE ARCHITECTS OF OUR SPACEFARING FUTURE. THEIR ABILITY TO ABSTRACT COMPLEX
PHYSICAL PHENOMENA INTO ELEGANT MATHEMATICAL FORMS IS WHAT ALLOWS US TO CONQUER THE FINAL FRONTIER.

THE COLLABORATIVE NATURE OF ROCKET SCIENCE ALSO HIGHLIGHTS THE IMPORTANCE OF CLEAR COMMUNICATION AND SHARED
UNDERSTANDING. TEAMS OF SPECIALISTS, EACH WITH THEIR OWN EXPERTISE, MUST WORK TOGETHER, RELYING ON A COMMON
MATHEMATICAL LANGUAGE TO ACHIEVE MISSION SUCCESS. THIS INTERDISCIPLINARY APPROACH, FUELED BY A SHARED
UNDERSTANDING OF ROCKET MATH, IS WHAT ENABLES US TO ACHIEVE WHAT MIGHT OTHERWISE SEEM IMPOSSIBLE.

ULTIMATELY/ ROCKET MATH IS MORE THAN JUST A SET OF EQUATIONS;, IT'S A TESTAMENT TO HUMANITY’S DRIVE TO EXPLORE,
TO UNDERSTAND, AND TO PUSH THE BOUNDARIES OF OUR CAPABILITIES. IT'S THE LANGUAGE OF THE COSMOS, AND AS WE
CONTINUE TO VENTURE FURTHER INTO IT, THE POWER AND BEAUTY OF ROCKET MATH WILL ONLY BECOME MORE APPARENT.

FREQUENTLY ASkeD QUESTIONS ABOUT ROCKET MATH

Q: WHAT IS THE MOST FUNDAMENTAL EQUATION IN ROCKET MATH?

A: THE MOST FUNDAMENTAL EQUATION IN ROCKET MATH IS THE T SIOLKOVSKY ROCKET EQUATION, WHICH RELATES A ROCKET'S
CHANGE IN VELOCITY (DELTA‘V) TO ITS EXHAUST VELOCITY AND MASS RATIO.

Q: How IS CALCULUS USED IN ROCKET MATH?

A: CALCULUS IS USED EXTENSIVELY IN ROCKET MATH TO DESCRIBE AND CALCULATE INSTANTANEOUS RATES OF CHANGE (LIKE
VELOCITY AND ACCELERATION USING DERIVATIVES) AND ACCUMULATED QUANTITIES (LIKE DISTANCE TRAVELED USING



INTEGRALS), ESPECIALLY IN MODELING THE DYNAMIC FLIGHT OF A ROCKET.

Q: WHAT IS DELTA-V IN ROCKET SCIENCE?

A:DELTA-V (AV) REPRESENTS THE CHANGE IN VELOCITY A ROCKET CAN ACHIEVE. |T IS A MEASURE OF THE ROCKET'S ABILITY
TO CHANGE ITS SPEED AND DIRECTION, AND IS CRUCIAL FOR PLANNING MANEUVERS AND MISSION FEASIBILITY.

QZ WHY IS MASS RATIO IMPORTANT IN ROCKET DESIGN?

A: THE MASS RATIO (INITIAL MASS DIVIDED BY FINAL MASS) IS CRITICAL BECAUSE, ACCORDING TO THE TSIOLKOVSKY ROCKET
EQUATION, A HIGHER MASS RATIO LEADS TO A GREATER ACHIEVABLE DELTA-V, ALLOWING THE ROCKET TO REACH HIGHER SPEEDS
OR ALTITUDES WITH THE SAME AMOUNT OF FUEL.

QZ How DO ENGINEERS CALCULATE A SPACECRAFT'S TRAJECTORY TO OTHER PLANETS?

A: CALCULATING INTERPLANETARY TRAJECTORIES INVOLVES COMPLEX ORBITAL MECHANICS, APPLYING NEWTON'S LAWS OF
MOTION AND GRAVITATION, OFTEN UTILIZING GRAVITATIONAL ASSISTS FROM PLANETS, AND EMPLOYING NUMERICAL METHODS TO
ACCOUNT FOR THE GRAVITATIONAL PULLS OF MULTIPLE CELESTIAL BODIES.

Q: WHAT ROLE DOES PHYSICS PLAY IN ROCKET MATH?

A: PHYSICS PROVIDES THE FOUNDATIONAL PRINCIPLES FOR ROCKET MATH, INCLUDING NEWTON'S LAWS OF MOTION AND
GRAVITATION, THERMODYNAMICS FOR ENGINE EFFICIENCY, FLUID DYNAMICS FOR ATMOSPHERIC FLIGHT, AND MATERIAL SCIENCE FOR
STRUCTURAL INTEGRITY.

QZ ARE COMPUTER SIMULATIONS ESSENTIAL FOR ROCKET MATH?

A: YES, COMPUTER SIMULATIONS ARE ESSENTIAL FOR ROCKET MATH AS THEY ALLOW ENGINEERS TO MODEL COMPLEX FLIGHT
SCENARIOS, TEST DESIGNS, AND PREDICT PERFORMANCE USING NUMERICAL METHODS, WHICH ARE OFTEN NECESSARY WHEN
ANALYTICAL SOLUTIONS ARE NOT FEASIBLE.

QI How DOES ROCKET MATH CONTRIBUTE TO SATELLITE OPERATIONS?

A: ROCKET MATH IS ESSENTIAL FOR LAUNCHING SATELLITES INTO THEIR CORRECT ORBITS AND FOR PERFORMING ORBITAL
MANEUVERS TO MAINTAIN THEIR POSITIONS, ADJUST THEIR ORBITS, OR AVOID COLLISIONS, ENSURING THEIR CONTINUOUS
FUNCTIONALITY.
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