TYPES OF VECTOR PHYSICS

THE UNDERSTANDING OF TYPES OF VECTOR PHYSICS IS FUNDAMENTAL TO GRASPING NUMEROUS PHENOMENA IN THE UNIVERSE,
FROM THE MOTION OF PLANETS TO THE INTRICATE WORKINGS OF SUBATOMIC PARTICLES. \/ECTORS, MATHEMATICAL OBJECTS
POSSESSING BOTH MAGNITUDE AND DIRECTION, ARE INDISPENSABLE TOOLS IN PHYSICS, ALLOWING US TO QUANTIFY AND
DESCRIBE PHYSICAL QUANTITIES THAT HAVE THESE TWO CRUCIAL PROPERTIES. W ITHOUT A SOLID GRASP OF VECTOR TYPES
AND THEIR OPERATIONS, COMPLEX PHYSICAL PROBLEMS WOULD REMAIN LARGELY INTRACTABLE. THIS ARTICLE WILL DELVE INTO
THE ESSENTIAL CATEGORIES OF VECTORS USED IN PHYSICS, EXPLORING THEIR DEFINITIONS, PROPERTIES, AND THE MATHEMATICAL
OPERATIONS THAT GOVERN THEIR BEHAVIOR. WE WILL ALSO EXAMINE HOW THESE DIFFERENT TYPES OF VECTORS ARE APPLIED IN
V ARIOUS BRANCHES OF PHYSICS, PROVIDING A COMPREHENSIVE OVERVIEW FOR STUDENTS AND ENTHUSIASTS ALIKE.
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INTRODUCTION TO VECTORS IN PHYSICS

VECTORS ARE MORE THAN JUST ARROWS; THEY ARE THE LANGUAGE THROUGH WHICH PHYSICISTS DESCRIBE QUANTITIES THAT
HAVE BOTH SIZE AND DIRECTION. THINK ABOUT IT: SIMPLY STATING A CAR IS MOVING AT 60 MPH DOESN'T TELL YOU WHERE IT'S
GOING. ADDING THAT IT'S MOVING 60 MPH NORTH MAKES IT A COMPLETE PICTURE, A VECTOR QUANTITY. THIS DUALITY OF
MAGNITUDE AND DIRECTION IS WHAT SETS VECTORS APART AND MAKES THEM SO POWERFUL IN PHYSICS. UNDERSTANDING THE
DIFFERENT TYPES OF VECTORS ALLOWS US TO BUILD MORE SOPHISTICATED MODELS OF THE PHYSICAL WORLD. WE'LL BE
EXPLORING EVERYTHING FROM THE BASIC BUILDING BLOCKS LIKE POSITION AND DISPLACEMENT VECTORS TO MORE COMPLEX ONES
ENCOUNTERED IN FIELDS LIKE ELECTROMAGNETISM AND GRAVITY.

TvypPes oF VECTORS IN PHYSICS

IN PHYSICS, VARIOUS TYPES OF VECTORS ARE USED TO REPRESENT DIFFERENT PHYSICAL QUANTITIES. EACH TYPE HAS SPECIFIC
IMPLICATIONS AND APPLICATIONS, THOUGH THEY ALL SHARE THE FUNDAMENTAL CHARACTERISTICS OF MAGNITUDE AND
DIRECTION. RECOGNIZING THESE DISTINCTIONS IS KEY TO APPLYING THE CORRECT VECTOR IN PROBLEM-SOLVING. WE'LL BREAK
DOWN SOME OF THE MOST COMMON AND IMPORTANT TYPES OF VECTORS YOU'LL ENCOUNTER.



PosiTiIoN VECTORS

A POSITION VECTOR, OFTEN DENOTED BY $\VEC{R}$, IS A VECTOR THAT POINTS FROM AN ORIGIN (A REFERENCE POINT,
TYPICALLY THE ORIGIN OF A COORDINATE SYSTEM) TO A SPECIFIC POINT IN SPACE. TS MAGNITUDE REPRESENTS THE DISTANCE
FROM THE ORIGIN TO THAT POINT, AND ITS DIRECTION INDICATES THE LOCATION OF THE POINT RELATIVE TO THE ORIGIN. For
INSTANCE, IF YOU'RE DESCRIBING THE LOCATION OF A STAR IN A GALAXY, YOoU'D USE A POSITION VECTOR ORIGINATING FROM
THE GALACTIC CENTER. |T'S THE FOUNDATIONAL VECTOR FOR DESCRIBING WHERE SOMETHING IS.

DisPLACEMENT VECTORS

\WHILE A POSITION VECTOR TELLS YOU WHERE SOMETHING IS AT A GIVEN MOMENT, A DISPLACEMENT VECTOR, DENOTED BY
$\DeLTA\VEC{R}$, DESCRIBES THE CHANGE IN POSITION OF AN OBJECT. |T’S THE DIFFERENCE BETWEEN TWO POSITION VECTORS:
$\DeLta\vec{r} = \vec{r}_F - \vec{r} 1%, wrere $\vec{r} F$ IS THE FINAL POSITION AND $\VEC{R} 1$ IS THE INITIAL
POSITION. THE MAGNITUDE OF THE DISPLACEMENT VECTOR IS THE STRAIGHT-LINE DISTANCE BETWEEN THE INITIAL AND FINAL
POINTS, AND ITS DIRECTION POINTS FROM THE INITIAL TO THE FINAL POSITION. A CLASSIC EXAMPLE IS AN AIRPLANE FLYING FROM
ONE CITY TO ANOTHER; THE DISPLACEMENT VECTOR IS THE STRAIGHT PATH BETWEEN THOSE TWO CITIES, REGARDLESS OF THE
ACTUAL FLIGHT PATH TAKEN.

VELOCITY VECTORS

VELOCITY IS A QUINTESSENTIAL VECTOR QUANTITY. A VELOCITY VECTOR, $\VEC{V}$, DESCRIBES BOTH THE SPEED OF AN
OBJECT AND THE DIRECTION OF ITS MOTION. |TS MAGNITUDE IS THE SPEED, AND ITS DIRECTION IS THE DIRECTION OF TRAVEL. For
EXAMPLE, A CAR MOVING EAST AT 50 KM/H HAS A VELOCITY VECTOR POINTING EAST WITH A MAGNITUDE oF 50 KM/H. IF THE
CAR TURNS NORTH WHILE MAINTAINING THE SAME SPEED, ITS VELOCITY VECTOR CHANGES BECAUSE ITS DIRECTION CHANGES.
THIS IS CRUCIAL WHEN DEALING WITH MOTION IN MORE THAN ONE DIMENSION.

ACCELERATION VECTORS

ACCELERATION IS THE RATE OF CHANGE OF VELOCITY. CONSEQUENTLY/ AN ACCELERATION VECTOR, $\VEC{A}$, DESCRIBES
BOTH THE RATE AT WHICH AN OBJECT,S SPEED IS CHANGING AND THE DIRECTION IN WHICH THIS CHANGE IS OCCURRING. AN
ACCELERATION VECTOR CAN CHANGE AN OBJECT,S SPEED, ITS DIRECTION OF MOTION, OR BOTH. IF YOU PUSH A BALL FORWARD,
ITS VELOCITY INCREASES, AND THERE'S A FORWARD ACCELERATION. |F YOU THROW A BALL UPWARDS, GRAVITY CAUSES A
DOWNWARD ACCELERATION, SLOWING IT DOWN. IF YOU SWING A BALL ON A STRING IN A CIRCLE, EVEN IF ITS SPEED IS
CONSTANT, IT HAS A CENTRIPETAL ACCELERATION DIRECTED TOWARDS THE CENTER OF THE CIRCLE.

Force VECTORS

FORCE IS A FUNDAMENTAL CONCEPT IN MECHANICS, AND IT'S ALWAYS A VECTOR QUANTITY. A FORCE VECTOR, $\VEC{F}$,
REPRESENTS A PUSH OR PULL ON AN OBJECT, WITH ITS MAGNITUDE INDICATING THE STRENGTH OF THE FORCE AND ITS DIRECTION
INDICATING THE DIRECTION OF THE PUSH OR PULL. NEWTON’S SEconD LAW, $\VEC{F} = M\vec{A}$, BEAUTIFULLY
ILLUSTRATES THE RELATIONSHIP BETWEEN FORCE, MASS, AND ACCELERATION, ALL OF WHICH CAN BE REPRESENTED BY VECTORS.
CONSIDER PUSHING A BOX: THE DIRECTION YOU PUSH AND HOW HARD YOU PUSH ARE THE MAGNITUDE AND DIRECTION OF THE
FORCE VECTOR.



MOMENTUM VECTORS

MOMENTUM, OFTEN DENOTED BY $\VEC{P}$, IS A MEASURE OF AN OBJECT'S MOTION AND IS DEFINED AS THE PRODUCT OF ITS
MASS AND VELOCITY: $\Vvec{r} = M\vec{V}$. SINCE VELOCITY IS A VECTOR, MOMENTUM IS ALSO A VECTOR, POSSESSING THE
SAME DIRECTION AS THE VELOCITY. MOMENTUM PLAYS A CRITICAL ROLE IN THE CONSERVATION OF MOMENTUM, A CORNERSTONE
OF PHYSICS. W/HEN TWO BILLIARD BALLS COLLIDE, THEIR INDIVIDUAL MOMENTA CHANGE, BUT THE TOTAL MOMENTUM OF THE
SYSTEM REMAINS CONSTANT, PROVIDED NO EXTERNAL FORCES ACT ON THEM.

ELecTrIC FIELD VECTORS

IN ELECTROMAGNETISM, ELECTRIC FIELDS ARE DESCRIBED BY ELECTRIC FIELD VECTORS, $\VEC{E}$ AT ANY POINT IN SPACE, THE
ELECTRIC FIELD VECTOR INDICATES THE DIRECTION AND MAGNITUDE OF THE ELECTRIC FORCE THAT WOULD BE EXERTED ON A
POSITIVE TEST CHARGE PLACED AT THAT POINT. FOR INSTANCE, AROUND A POSITIVE POINT CHARGE, THE ELECTRIC FIELD
VECTORS POINT RADIALLY OUTWARD, INDICATING THAT A POSITIVE CHARGE \WOULD BE REPELLED. AROUND A NEGATIVE
CHARGE, THEY POINT RADIALLY INWARD.

MAGNETIC FIELD VECTORS

SIMILARLY, MAGNETIC FIELDS ARE REPRESENTED BY MAGNETIC FIELD VECTORS, $\VEC{B}$ THESE VECTORS DESCRIBE THE
DIRECTION AND STRENGTH OF MAGNETIC INFLUENCE AT A GIVEN POINT IN SPACE. MAGNETIC FIELD LINES, WHICH ARE TANGENT TO
THE MAGNETIC FIELD VECTORS, ARE OFTEN USED TO VISUALIZE MAGNETIC FIELDS, SUCH AS THOSE AROUND A BAR MAGNET OR A
CURRENT-CARRYING WIRE. THE DIRECTION OF THE MAGNETIC FIELD VECTOR INDICATES THE DIRECTION A COMPASS NEEDLE WOULD
POINT.

GRAVITATIONAL FIELD VECTORS

GRAVITATIONAL FIELDS ARE ALSO VECTOR QUANTITIES. THE GRAVITATIONAL FIELD VECTOR, $\VEC{G}$, AT ANY POINT
REPRESENTS THE ACCELERATION DUE TO GRAVITY AT THAT POINT. |TS MAGNITUDE IS THE STRENGTH OF THE GRAVITATIONAL
PULL, AND ITS DIRECTION POINTS TOWARDS THE SOURCE OF THE GRAVITATIONAL FIELD. FOR EXAMPLE, NEAR THE EARTH'S
SURFACE, THE GRAVITATIONAL FIELD VECTOR POINTS DOWNW ARDS TOWARDS THE EARTH'S CENTER WITH A MAGNITUDE OF
APPROXIMATELY 9.8 M/s2.

VEecTOR OPERATIONS IN PHYSICS

To EFFECTIVELY USE VECTORS IN PHYSICS, WE NEED TO BE PROFICIENT IN VARIOUS VECTOR OPERATIONS. THESE OPERATIONS
ALLOW US TO COMBINE VECTORS, BREAK THEM DOWN, AND UNDERSTAND THEIR RELATIONSHIPS. MASTERING THESE TECHNIQUES
IS AS ESSENTIAL AS UNDERSTANDING THE TYPES OF VECTORS THEMSELVES.

VECTOR ADDITION

\/HEN DEALING WITH MULTIPLE FORCES ACTING ON AN OBJECT, OR WHEN AN OBJECT UNDERGOES SUCCESSIVE DISPLACEMENTS,
WE OFTEN NEED TO ADD VECTORS. VECTOR ADDITION IS NOT AS SIMPLE AS ADDING THEIR MAGNITUDES. THE HEAD-TO-TAIL
METHOD OR THE PARALLELOGRAM METHOD ARE COMMON GRAPHICAL TECHNIQUES, WHILE COMPONENT-WISE ADDITION IS USED
ALGEBRAICALLY. FOr EXAMPLE, IF YOU WALK 3 METERS EAST AND THEN 4 METERS NORTH, YOUR TOTAL DISPLACEMENT VECTOR
IS THE HYPOTENUSE OF A RIGHT TRIANGLE, NOT 7 METERS. |TS MAGNITUDE AND DIRECTION ARE FOUND USING VECTOR ADDITION.



VECTOR SUBTRACTION

VECTOR SUBTRACTION IS ESSENTIALLY ADDING THE NEGATIVE OF A VECTOR. IF $\VvEc{A}$ AnD $\vEC{B}$ ARE TWO
vecTors, THEN $\VEC{A} - \vec{B}$ is THE saMe As $\VEC{A} + (-\vec{B})$. THE NEGATIVE OF A VECTOR HAS THE SAME
MAGNITUDE BUT POINTS IN THE OPPOSITE DIRECTION. THIS OPERATION IS VITAL FOR CALCULATING CHANGES IN VECTOR
QUANTITIES, SUCH AS DISPLACEMENT (AS SEEN EARLIER) OR CHANGES IN VELOCITY.

SCALAR MULTIPLICATION OF VECTORS

MULTIPLYING A VECTOR BY A SCALAR (A REGULAR NUMBER) CHANGES THE MAGNITUDE OF THE VECTOR BUT NOT ITS DIRECTION.
IF YOU MULTIPLY A VECTOR $\VEC{V}$ BY A SCALAR $k$, THE RESULTING VECTOR $k\VEC{V}$ HAS A MAGNITUDE $|k|$
TIMES THE MAGNITUDE oF $\VvEC{V}$. IF $k$ IS POSITIVE, THE DIRECTION REMAINS THE SAME; IF $k$ IS NEGATIVE, THE
DIRECTION REVERSES.

DoT ProbucT (ScALAR ProbDUCT)

THE DOT PRODUCT OF TwO VECTORS, $\VEC{A} \cDoT \VEC{BJ}$, RESULTS IN A SCALAR QUANTITY. IT IS DEFINED AS THE
PRODUCT OF THE MAGNITUDES OF THE TWO VECTORS AND THE COSINE OF THE ANGLE BETWEEN THEM: $\VEC{A} \cpoT
\vec{B} = [\vec{A}| [\vec{B}| \cos\THETA$. THE DOT PRODUCT IS PARTICULARLY USEFUL IN PHYSICS FOR CALCULATING
WORK DONE BY A FORCE ($\TexT{\Work} = \vec{F} \cooT \vec{p}$), WHERE ONLY THE COMPONENT OF FORCE IN THE
DIRECTION OF DISPLACEMENT DOES WORK. |T ALSO HELPS DETERMINE IF TWO VECTORS ARE PERPENDICULAR (DOT PRODUCT IS
ZERO).

Cross ProbucT (VeECTOR PRODUCT)

THE CROSS PRODUCT OF TWo VECTORS, $\VEC{A} \TiMes \VEC{B}$, RESULTS IN A NEW VECTOR. THE DIRECTION OF THIS
RESULTING VECTOR IS PERPENDICULAR TO BOTH $\VEC{A}$ AND $\VEC{B}$, FOLLOWING THE RIGHT-HAND RULE, AND ITS
MAGNITUDE IS GIVEN BY $[\VEC{A} \TiMes \vec{B}| = [\vec{A}| \vec{B}| \sIN\THETA$. THE CROSS PRODUCT IS USED IN
PHYSICS TO CALCULATE TORQUE ($\vec{\Tau} = \vec{r} \TiMes \vec{F}$), ANGULAR MOMENTUM, AND MAGNETIC FORCES
oN MoVING CHARGES ($\Vec{F} = Q(\vec{v} \TiMes \vec{B})$). IF TWO VECTORS ARE PARALLEL OR ANTI-PARALLEL, THEIR
CROSS PRODUCT IS ZERO.

APPLICATIONS oF VECTOR TYPES IN PHYSICS

THE ABSTRACT CONCEPTS OF VECTORS FIND TANGIBLE APPLICATIONS ACROSS A VAST SPECTRUM OF PHYSICS. UNDERSTANDING
THESE APPLICATIONS SOLIDIFIES THE IMPORTANCE OF LEARNING ABOUT THE DIFFERENT TYPES OF VECTORS AND THEIR
OPERATIONS.

MECHANICS

IN MECHANICS, THE STUDY OF MOTION AND FORCES, VECTORS ARE INDISPENSABLE. POSITION, DISPLACEMENT, VELOCITY,
ACCELERATION, FORCE, AND MOMENTUM ARE ALL VECTOR QUANTITIES. ANALYZING PROJECTILE MOTION, FOR INSTANCE,
REQUIRES BREAKING THE INITIAL VELOCITY INTO HORIZONTAL AND VERTICAL COMPONENTS (\X/HICH ARE VECTORS).

(UNDERST ANDING COLLISIONS AND THE CONSERVATION OF MOMENTUM RELIES HEAVILY ON VECTOR ADDITION AND SUBTRACTION.
ANALYZING THE FORCES ACTING ON STRUCTURES OR VEHICLES INHERENTLY INVOLVES DEALING WITH FORCE VECTORS.



ELECTROMAGNETISM

ELECTROMAGNETISM IS A FIELD DEEPLY ROOTED IN VECTOR CALCULUS. ELECTRIC AND MAGNETIC FIELDS ARE VECTOR FIELDS,
MEANING AT EVERY POINT IN SPACE, THERE IS A VECTOR DESCRIBING THE FIELD'S STRENGTH AND DIRECTION. CALCULATING THE
FORCE ON A CHARGED PARTICLE IN AN ELECTRIC OR MAGNETIC FIELD, UNDERSTANDING ELECTROMAGNETIC WAVES, AND ANALYZING
CIRCUITS ALL NECESSITATE THE USE OF ELECTRIC FIELD VECTORS, MAGNETIC FIELD VECTORS, AND VECTOR OPERATIONS LIKE THE
CROSS PRODUCT.

FLuip DynAMICS

THE STUDY OF FLUIDS IN MOTION, FLUID DYNAMICS, ALSO EXTENSIVELY USES VECTORS. VELOCITY FIELDS DESCRIBE THE SPEED
AND DIRECTION OF FLUID PARTICLES AT EVERY POINT. PRESSURE GRADIENTS, WHICH DRIVE FLUID FLOW, ARE VECTOR
QUANTITIES. FORCES EXERTED BY FLUIDS ON OBJECTS, LIKE LIFT AND DRAG, ARE ALSO VECTOR FORCES. UNDERSTANDING
PHENOMENA LIKE TURBULENCE OR THE FLOW OF BLOOD IN ARTERIES REQUIRES A SOPHISTICATED UNDERSTANDING OF VECTOR
FIELDS AND THEIR BEHAVIOR.

IN ESSENCE, VECTORS PROVIDE THE PRECISE LANGUAGE NEEDED TO DESCRIBE THE DIRECTIONAL NATURE OF PHYSICAL PHENOMENA.
\WHETHER YOU'RE TRACING THE PATH OF A SPACECRAFT, UNDERSTANDING THE FORCES THAT HOLD ATOMS TOGETHER, OR
PREDICTING WEATHER PATTERNS, THE CONCEPTS OF TYPES OF VECTOR PHYSICS ARE AT PLAY. BY MASTERING THESE
FUNDAMENTAL IDEAS, YOU UNLOCK A DEEPER APPRECIATION AND UNDERSTANDING OF THE UNIVERSE AROUND US.

QI \WHAT IS THE PRIMARY DIFFERENCE BETWEEN A POSITION VECTOR AND A
DISPLACEMENT VECTOR?

A: THE PRIMARY DIFFERENCE IS THAT A POSITION VECTOR DESCRIBES THE LOCATION OF AN OBJECT RELATIVE TO A FIXED ORIGIN
AT A SPECIFIC MOMENT IN TIME, WHILE A DISPLACEMENT VECTOR DESCRIBES THE CHANGE IN AN OBJECTIS POSITION FROM AN
INITIAL POINT TO A FINAL POINT, IRRESPECTIVE OF THE PATH TAKEN BETWEEN THEM.

Q: WHY IS IT IMPORTANT TO DISTINGUISH BETWEEN SPEED AND VELOCITY AS TYPES OF
VECTOR PHYSICS?

A: SPEED IS A SCALAR QUANTITY REPRESENTING ONLY THE MAGNITUDE OF MOTION, WHEREAS VELOCITY IS A VECTOR
QUANTITY THAT INCLUDES BOTH MAGNITUDE (SPEED) AND DIRECTION. THIS DISTINCTION IS CRUCIAL BECAUSE CHANGES IN
DIRECTION, EVEN WITH CONSTANT SPEED, IMPLY A CHANGE IN VELOCITY AND THUS ACCELERATION, WHICH IS FUNDAMENTAL TO
UNDERSTANDING MOTION.

Q: How DOES THE CONCEPT OF FORCE VECTORS APPLY TO EVERYDAY SITUATIONS?

A: FORCE VECTORS ARE EVERYWHERE. WHEN YOU PUSH A DOOR OPEN, THE DIRECTION AND STRENGTH OF YOUR PUSH
CONSTITUTE A FORCE VECTOR. WHEN YOU LIFT A BAG, THE GRAVITATIONAL FORCE PULLING IT DOWN AND THE LIFTING FORCE
YOU EXERT ARE BOTH FORCE VECTORS. UNDERSTANDING THESE VECTORS HELPS EXPLAIN WHY OBJECTS MOVE OR STAY STILL.

Q: CAN YOU GIVE AN EXAMPLE OF HOW THE DOT PRODUCT IS USED IN PHYSICS?

A: A PRIME EXAMPLE IS THE CALCULATION OF WORK DONE BY A FORCE. W ORK IS DEFINED AS THE DOT PRODUCT OF THE FORCE
VECTOR AND THE DISPLACEMENT VECTOR ($\TEXT{Work} = \vec{F} \cooT \vec{p}$). THIS MEANS ONLY THE COMPONENT
OF THE FORCE ACTING IN THE DIRECTION OF THE DISPLACEMENT CONTRIBUTES TO THE WORK DONE.



Q: WHAT IS THE SIGNIFICANCE OF THE CROSS PRODUCT IN UNDERSTANDING MAGNETIC
FORCES?

A: THE CROSS PRODUCT IS ESSENTIAL IN ELECTROMAGNETISM FOR CALCULATING THE MAGNETIC FORCE ON A MOVING CHARGE,
GIVEN BY THE LorenTz Force LAW: $\VEC{F} = Q(\vec{v} \TiMes \vec{B})$. THIS INDICATES THAT THE FORCE IS
PERPENDICULAR TO BOTH THE VELOCITY OF THE CHARGE AND THE MAGNETIC FIELD, A DIRECTION THAT CAN ONLY BE DESCRIBED
USING A VECTOR PRODUCT.

Q: ARE THERE ANY TYPES OF VECTOR PHYSICS THAT ARE EXCLUSIVE TO ADVANCED
FIELDS?

A: WHILE BASIC VECTORS LIKE POSITION AND DISPLACEMENT ARE INTRODUCED EARLY, FIELDS LIKE QUANTUM MECHANICS AND
GENERAL RELATIVITY UTILIZE MORE ABSTRACT VECTOR SPACES AND TENSOR CALCULUS, WHICH BUILD UPON FUNDAMENTAL
VECTOR CONCEPTS BUT INVOLVE MORE COMPLEX MATHEMATICAL STRUCTURES TO DESCRIBE PHENOMENA AT EXTREMELY SMALL
SCALES OR WITHIN CURVED SPACETIME.

QZ How DO YOU ADD VECTORS WHEN THEY ARE NOT ALIGNED ALONG THE SAME AXIS?

A: W/HEN VECTORS ARE NOT ALIGNED, YOU CAN ADD THEM USING GRAPHICAL METHODS LIKE THE HEAD-TO-TAIL METHOD OR THE
PARALLELOGRAM METHOD. ALTERNATIVELY/ AND MORE COMMONLY IN PHYSICS, YOU RESOLVE EACH VECTOR INTO ITS
COMPONENTS ALONG CHOSEN AXES (E.G., X AND Y) AND THEN ADD THE CORRESPONDING COMPONENTS SEPARATELY. THE
RESULTANT VECTOR'S COMPONENTS ARE THEN USED TO FIND ITS MAGNITUDE AND DIRECTION.
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