PHYSICS 2D MOTION EQUATIONS

PHYSICS 2D MOTION EQUATIONS FORM THE CORNERSTONE OF UNDERSTANDING HOW OBJECTS MOVE IN TWO-DIMENSIONAL
SPACES. THESE EQUATIONS DESCRIBE THE RELATIONSHIP BETWEEN DISPLACEMENT, VELOCITY, ACCELERATION, AND TIME WHEN
MOTION OCCURS ALONG BOTH THE X AND Y AXES. MASTERY OF THESE CONCEPTS IS ESSENTIAL IN FIELDS RANGING FROM
CLASSICAL MECHANICS TO ENGINEERING AND MODERN PHYSICS APPLICATIONS. THIS ARTICLE WILL EXPLORE THE FUNDAMENTAL
PHYSICS 2D MOTION EQUATIONS, THEIR DERIVATION, AND PRACTICAL APPLICATIONS. IT COVERS VECTOR COMPONENTS,
PROJECTILE MOTION, UNIFORM ACCELERATION, AND HOW TO ANALYZE COMPLEX TRAJECTORIES USING THESE EQUATIONS.
ADDITIONALLY, THE DISCUSSION WILL INCLUDE PROBLEM-SOLVING TECHNIQUES AND COMMON PITFALLS TO AVOID WHEN
WORKING WITH TWO-DIMENSIONAL MOTION PROBLEMS. BY THE END, READERS WILL HAVE A SOLID GRASP OF HOW TO APPLY
PHYSICS 2D MOTION EQUATIONS EFFECTIVELY IN VARIOUS SCENARIOS.

UNDERSTANDING THE BAsics oF 2D MoTIoN

Key PHYsics 2D MoTioN EQUATIONS

PROJECTILE MOTION ANALYSIS

UNIFORMLY ACCELERATED MOTION IN TWoO DIMENSIONS

VECTOR COMPONENTS AND THEIR RoLE IN 2D MoTIoN

® APPLICATIONS AND PROBLEM-SOLVING STRATEGIES

UNDERSTANDING THE BAsIcs oF 2D MoTIoN

T WO-DIMENSIONAL MOTION INVOLVES MOVEMENT IN A PLANE DEFINED BY TWO PERPENDICULAR AXES, TYPICALLY LABELED X
(HORIZONTAL) AND Y (VERTICAL). UNLIKE ONE-DIMENSIONAL MOTION, WHERE AN OBJECT MOVES ALONG A SINGLE STRAIGHT
PATH, 2D MOTION REQUIRES ANALYZING BOTH THE MAGNITUDE AND DIRECTION OF DISPLACEMENT AND VELOCITY. THE PHYSICS
2D MOTION EQUATIONS HELP QUANTIFY THIS COMPLEX MOVEMENT BY BREAKING IT DOWN INTO COMPONENTS, ENABLING MORE
STRAIGHTFORW ARD CALCULATIONS AND PREDICTIONS OF AN OBJECT,S PATH. UNDERSTANDING THE PRINCIPLES OF VECTORS AND
SCALAR QUANTITIES IS FUNDAMENTAL BEFORE DIVING INTO THESE EQUATIONS.

VECTORS AND SCALARS IN 2D MoTIoN

VECTORS ARE QUANTITIES THAT HAVE BOTH MAGNITUDE AND DIRECTION, ESSENTIAL FOR DESCRIBING MOTION IN TWO
DIMENSIONS. COMMON VECTOR QUANTITIES INCLUDE DISPLACEMENT, VELOCITY, AND ACCELERATION. SCALARS, ON THE OTHER
HAND, POSSESS ONLY MAGNITUDE, SUCH AS SPEED AND TIME. IN PHYSICS 2D MOTION EQUATIONS, VECTORS ARE OFTEN
RESOLVED INTO THEIR HORIZONTAL AND VERTICAL COMPONENTS TO SIMPLIFY ANALYSIS. FOR EXAMPLE, VELOCITY CAN BE
EXPRESSED AS VX AND V_ Y, REPRESENTING THE VELOCITY'S PROJECTION ALONG THE X AND Y AXES, RESPECTIVELY.

CoOORDINATE SYSTEMS AND REFERENCE FRAMES

ESTABLISHING AN APPROPRIATE COORDINATE SYSTEM IS CRITICAL WHEN WORKING WITH PHYSICS 2D MOTION EQUATIONS.
TYPICALLY, THE CARTESIAN COORDINATE SYSTEM IS USED, WITH THE ORIGIN SET AT A CONVENIENT POINT SUCH AS THE
LAUNCH POSITION OF A PROJECTILE. DEFINING THE POSITIVE DIRECTIONS FOR THE X AND Y AXES HELPS STANDARDIZE
CALCULATIONS AND ENSURES CONSISTENCY ACROSS DIFFERENT PROBLEMS. REFERENCE FRAMES MAY VARY DEPENDING ON THE
CONTEXT, BUT INERTIAL FRAMES— \WHERE NEWTON'S LAWS HOLD TRUE WITHOUT FICTITIOUS FORCES—ARE STANDARD FOR
ANALYZING 2D MOTION.



Key PHYsics 2D MoTioN EQUATIONS

THE FUNDAMENTAL PHYSICS 2D MOTION EQUATIONS STEM FROM NEWTON’S LAWS OF MOTION AND KINEMATICS. THESE
EQUATIONS DESCRIBE THE RELATIONSHIPS BETWEEN DISPLACEMENT, VELOCITY, ACCELERATION, AND TIME FOR MOTION WITH
CONSTANT ACCELERATION. EACH VECTOR COMPONENT (X AND Y) FOLLOWS ITS OWN SET OF KINEMATIC EQUATIONS,
ALLOWING FOR INDEPENDENT ANALYSIS BEFORE RECOMBINING RESULTS TO FIND OVERALL MOTION CHARACTERISTICS.

KINeMATIC EQUATIONS FOR EACH DIRECTION

FOR MOTION WITH CONSTANT ACCELERATION, THE BASIC KINEMATIC EQUATIONS APPLY SEPARATELY ALONG THE X AND Y AXES!:

o DisPLACEMENT: \( x =x_0 + v_{x0} T+ \rrac{13}{2} A_ x T2 \) a0 \( Yy =v_0 + v_{¥0} 7 + \rrac{13}{2}
A YT 2)\)

e Veoarty: \(v_x=v_{x0}+a xT\)aw\(v_y=v {x0}+a vT\)

e VeLocITY SQUARED: \(v_x"2 =v {x0}"2+2 A x(x-x_0)\) a0 \(v_y"2=v _{¥0}*"2+2A_v (v-

y_0)\)

Here, \( x_0\) ano \( v_0\) are nTIAL PosiTions, \( v_{x0} \) ano \( v_{v03} \) ARe INITIAL VELOCITY
coMPonNeNTS, \( A_x \) AND \( A_Y \) ARE ACCELERATIONS ALONG EACH AXIS, AND \( T \) REPRESENTS TIME. THESE
EQUATIONS ENABLE PRECISE PREDICTIONS OF AN OBJECT'S POSITION AND VELOCITY AT ANY GIVEN MOMENT.

VECTOR ADDITION OF COMPONENTS

AFTER CALCULATING THE INDIVIDUAL COMPONENTS USING PHYSICS 2D MOTION EQUATIONS, VECTOR ADDITION IS USED TO FIND
THE RESULTANT VELOCITY OR DISPLACEMENT. THE MAGNITUDE OF A VECTOR \( \VEC{V} \) IS OBTAINED THROUGH THE
PYTHAGOREAN THEOREM:

e ResuLTANT VELOCITY: \( v = \sqQrT{v_x"2 +v_¥"2}\)

o ReSULTANT DISPLACEMENT: \('s = \sQrT{(x - x_0)"2 + (v - v_0)"2}\)

THE DIRECTION ANGLE \( \THETA \) WITH RESPECT TO THE HORIZONTAL AXIS IS FOUND USING THE INVERSE TANGENT FUNCTION:

\C\THETA = \TANM- 1} \LerT( \rRAC{V_Y}HVv_x3 \riGHT) \)

PROJECTILE MOTION ANALYSIS

PROJECTILE MOTION IS A CLASSIC EXAMPLE OF PHYSICS 2D MOTION EQUATIONS IN ACTION. | T DESCRIBES THE MOTION OF AN
OBJECT LAUNCHED INTO THE AIR, SUBJECT ONLY TO THE ACCELERATION DUE TO GRAVITY. THE TRAJECTORY OF A PROJECTILE IS
PARABOLIC, COMBINING UNIFORM HORIZONTAL MOTION WITH UNIFORMLY ACCELERATED VERTICAL MOTION. ANALYZING
PROJECTILE MOTION REQUIRES DECOMPOSING THE INITIAL VELOCITY INTO HORIZONTAL AND VERTICAL COMPONENTS AND
APPLYING KINEMATIC EQUATIONS TO EACH AXIS.

HorizoNTAL MoTION

IN PROJECTILE MOTION, THE HORIZONTAL ACCELERATION \( A_X \) IS ZERO (ASSUMING AIR RESISTANCE IS NEGLIGIBLE)I SO
HORIZONTAL VELOCITY REMAINS CONSTANT THROUGHOUT THE FLIGHT. THE HORIZONTAL DISPLACEMENT IS CALCULATED USING:

\(x=v_{x0}1\)



THIS SIMPLIFIES ANALYSIS BECAUSE THE HORIZONTAL COMPONENT BEHAVES LIKE UNIFORM MOTION.

VERTICAL MOTION

THE VERTICAL COMPONENT EXPERIENCES CONSTANT ACCELERATION DUE TO GRAVITY, TYPICALLY \( 6 = 9.8\, M/s"2\)
DOWNWARD. THE VERTICAL DISPLACEMENT AND VELOCITY ARE GIVEN BY:

e \(v=v_{¥0}1-\rrAc{1}{2}c 172 \)

e \(v.y=v {¥0}-ac1\)

THESE EQUATIONS ALLOW DETERMINATION OF THE MAXIMUM HEIGHT, TIME OF FLIGHT, AND VERTICAL POSITION AT ANY TIME.

Key PARAMETERS IN PROJECTILE MOTION

IMPORTANT PARAMETERS DERIVED FROM PHYSICS 2D MOTION EQUATIONS INCLUDE:

e TIME OF FLIGHT: TOTAL DURATION THE PROJECTILE REMAINS AIRBORNE.
® MAXIMUM HEIGHT: THE PEAK VERTICAL POSITION REACHED BY THE PROJECTILE.

® RANGE: THE HORIZONTAL DISTANCE TRAVELED BEFORE LANDING.

FORMULAS FOR THESE PARAMETERS HELP SOLVE PRACTICAL PROJECTILE PROBLEMS EFFICIENTLY.

UNIFORMLY ACCELERATED MoTION IN Two DIMENSIONS

UNIFORM ACCELERATION OCCURS WHEN AN OBJECT EXPERIENCES CONSTANT ACCELERATION IN ONE OR BOTH DIRECTIONS.
PHYSICS 2D MOTION EQUATIONS HANDLE SUCH SCENARIOS BY APPLYING STANDARD KINEMATIC EQUATIONS INDEPENDENTLY TO
EACH AXIS. THIS SECTION ADDRESSES HOW TO MANAGE CASES WHERE ACCELERATION IS NOT LIMITED TO GRAVITY BUT CAN
HAVE COMPONENTS ALONG BOTH AXES.

ACCELERATION COMPONENTS

W/HEN ACCELERATION HAS BOTH X AND Y COMPONENTS, IT IS NECESSARY TO ANALYZE EACH INDEPENDENTLY. For EXAMPLE, AN
OBJECT SLIDING ON AN INCLINED PLANE WITH FRICTION OR A CHARGED PARTICLE MOVING IN AN ELECTROMAGNETIC FIELD MAY
EXPERIENCE COMPLEX ACCELERATION VECTORS. THE EQUATIONS:

o \(A_x = \Text{consTanT} \)

e \(A_y = \TexT{consTAnT} \)

ARE USED ALONG WITH INITIAL CONDITIONS TO FIND VELOCITY AND DISPLACEMENT AT ANY TIME.

TRAJECTORY EQUATIONS

ELIMINATING TIME FROM THE PARAMETRIC EQUATIONS OF MOTION YIELDS THE TRAJECTORY EQUATION, EXPRESSING VERTICAL
POSITION AS A FUNCTION OF HORIZONTAL POSITION:



\(y =v_0+\rrac{v_{yO}}{v_{x03} (x-x_0) + \rrac{13{2} \rrac{a_y}v_ {x03"2} (x-x_0)"2\)

THiS QUADRATIC FORM DESCRIBES THE PATH OF THE MOVING OBJECT AND IS CENTRAL TO PREDICTING MOTION CURVES IN
PHYSICS 2D MOTION EQUATIONS.

VEeEcTorR COMPONENTS AND THEIR RoLE IN 2D MoTIoN

BREAKING VECTORS INTO COMPONENTS SIMPLIFIES THE APPLICATION OF PHYSICS 2D MOTION EQUATIONS. THIS APPROACH
TRANSFORMS COMPLEX T\WO-DIMENSIONAL PROBLEMS INTO MANAGEABLE ONE-DIMENSIONAL ANALYSES ALONG EACH AXIS.
UNDERSTANDING HOW TO RESOLVE VECTORS AND RECOMBINE RESULTS IS ESSENTIAL FOR ACCURACY.

ResoLVING VECTORS INTO COMPONENTS

ANY VECTOR QUANTITY, SUCH AS VELOCITY OR ACCELERATION, CAN BE DECOMPOSED INTO ORTHOGONAL COMPONENTS USING
TRIGONOMETRIC FUNCTIONS:

e HorizonTAL coMPONENT: \( V_x =V \cos \THeTA \)
o VerTICAL coMPONENT: \( V_Y =V \sin \THETA \)

Here, \( V \) I1s THE VECTOR MAGNITUDE AND \( \THETA \) IS THE ANGLE IT MAKES WITH THE HORIZONTAL AXIS. THIS
DECOMPOSITION IS THE FIRST STEP IN APPLYING PHYSICS 2D MOTION EQUATIONS.

ComMBINING COMPONENTS TO FIND RESULTANTS

AFTER CALCULATING THE INDIVIDUAL COMPONENTS' MAGNITUDES AND DIRECTIONS, THE OVERALL VECTOR IS RECONSTRUCTED
BY VECTOR ADDITION. THE RESULTANT VECTOR'S MAGNITUDE AND DIRECTION ARE DETERMINED USING THE PYTHAGOREAN
THEOREM AND INVERSE TANGENT FUNCTIONS, RESPECTIVELY. THIS PROCESS ALLOWS FOR COMPREHENSIVE DESCRIPTIONS OF AN
OBJECTIS VELOCITY, ACCELERATION, OR DISPLACEMENT IN TWO DIMENSIONS.

APPLICATIONS AND PROBLEM-SOLVING STRATEGIES

PHYSICS 2D MOTION EQUATIONS ARE WIDELY USED IN ACADEMIC, ENGINEERING, AND SCIENTIFIC CONTEXTS TO MODEL REAL-
\WORLD PHENOMENA. EFFICIENT PROBLEM-SOLVING RELIES ON A SYSTEMATIC APPROACH TO APPLYING THESE EQUATIONS AND
INTERPRETING RESULTS.

STeEPs To SoLvE 2D MoTIoN PROBLEMS

1. DEFINE THE COORDINATE SYSTEM AND IDENTIFY KNOWN QUANTITIES.

2. RESOLVE INITIAL VELOCITIES AND ACCELERATIONS INTO COMPONENTS.

3. APPLY APPROPRIATE KINEMATIC EQUATIONS SEPARATELY TO THE X AND Y DIRECTIONS.

4. CALCULATE UNKNOWN VARIABLES SUCH AS TIME, DISPLACEMENT, VELOCITY, OR ACCELERATION.
5. USE VECTOR ADDITION TO FIND RESULTANT QUANTITIES.

6. VERIFY RESULTS FOR CONSISTENCY AND PHYSICAL PLAUSIBILITY.



CoMMoN CHALLENGES AND TIPS

ENSURE CONSISTENT UNITS THROUGHOUT CALCULATIONS.

o CAREFULLY ASSIGN POSITIVE AND NEGATIVE SIGNS BASED ON CHOSEN COORDINATE SYSTEM.

® REMEMBER THAT ACCELERATION DUE TO GRAVITY ACTS ONLY IN THE VERTICAL DIRECTION UNLESS OTHERWISE SPECIFIED.
o USE GRAPHICAL METHODS OR SOFTWARE TOOLS TO VISUALIZE MOTION WHEN POSSIBLE.

® PRACTICE WITH VARIED PROBLEM TYPES TO BUILD INTUITION AND PROFICIENCY.

FREQUENTLY ASKeD QUESTIONS

\WHAT ARE THE KEY EQUATIONS FOR 2D PROJECTILE MOTION?

THE KEY EQUATIONS FOR 2D PROJECTILE MOTION ARE: HORIZONTAL DISPLACEMENT X = Vo cos(@) ¥ T, VERTICAL
DISPLACEMENT Y = Vo SIN(®) * T - (1/2)GT?, HORIZONTAL VELOCITY V_X = Vo Cos(©), AND VERTICAL VELOCITY V_Y =
Vo SIN(®) - GT, WHERE V¢ IS INITIAL VELOCITY, © IS LAUNCH ANGLE, T IS TIME, AND G IS ACCELERATION DUE TO GRAVITY.

How DO YOU CALCULATE THE TIME OF FLIGHT IN 2D PROJECTILE MOTION?

THE TIME OF FLIGHT IS CALCULATED USING THE VERTICAL MOTION EQUATION. FOR A PROJECTILE LAUNCHED AND LANDING AT
THE SAME HEIGHT, TIME OF FLIGHT T = (2 v4 sin(e)) / .

\WHAT IS THE RANGE FORMULA FOR A PROJECTILE LAUNCHED AT AN ANGLE?

THE RANGE R OF A PROJECTILE IS GIVEN BY R = (Vo2 SIN(20)) / G, WHERE V¢ IS THE INITIAL VELOCITY, © IS THE LAUNCH
ANGLE, AND G IS THE ACCELERATION DUE TO GRAVITY.

How Do You DETERMINE THE MAXIMUM HEIGHT REACHED BY A PROJECTILE?

THE MAXIMUM HEIGHT H CAN BE FOUND USING H = (V2 siN?(©)) / (2G), WHERE Vg IS THE INITIAL VELOCITY, © IS THE LAUNCH
ANGLE, AND G IS THE ACCELERATION DUE TO GRAVITY.

How ARE THE 2D MOTION EQUATIONS MODIFIED WHEN CONSIDERING AIR RESISTANCE?

W/HEN CONSIDERING AIR RESISTANCE, THE 2D MOTION EQUATIONS BECOME DIFFERENTIAL EQUATIONS THAT INCLUDE DRAG FORCE
TERMS, TYPICALLY PROPORTIONAL TO VELOCITY OR VELOCITY SQUARED. THIS MAKES THE EQUATIONS MORE COMPLEX AND
OFTEN REQUIRES NUMERICAL METHODS TO SOLVE, AS OPPOSED TO THE SIMPLE PARABOLIC TRAJECTORIES IN IDEAL PROJECTILE
MOTION.

ADDITIONAL RESOURCES

1. CLASSICAL MECHANICS: PRINCIPLES AND PROBLEMS

THIS BOOK OFFERS A COMPREHENSIVE INTRODUCTION TO CLASSICAL MECHANICS, WITH A STRONG FOCUS ON 2D MOTION AND
THE EQUATIONS GOVERNING PROJECTILE AND CIRCULAR MOTION. |T PROVIDES CLEAR EXPLANATIONS OF KINEMATIC EQUATIONS
AND APPLIES THEM TO REAL-WORLD SCENARIOS. THE TEXT IS SUPPLEMENTED WITH NUMEROUS SOLVED PROBLEMS AND EXERCISES



TO REINFORCE UNDERSTANDING.

2. INTRODUCTION TO MECHANICS: FROM PARTICLES TO SOLIDS

DESIGNED FOR UNDERGRADUATE STUDENTS, THIS BOOK COVERS FUNDAMENTAL CONCEPTS IN MECHANICS INCLUDING TWO-
DIMENSIONAL MOTION. THE CHAPTERS ON PROJECTILE MOTION, RELATIVE VELOCITY, AND MOTION UNDER CONSTANT
ACCELERATION ARE PARTICULARLY DETAILED. |T ALSO INTEGRATES MATHEMATICAL TECHNIQUES TO SOLVE 2D MOTION
EQUATIONS EFFECTIVELY.

3. PHYSICS FOR SCIENTISTS AND ENGINEERS: DYNAMICS

THIS VOLUME FOCUSES ON THE DYNAMICS ASPECT OF PHYSICS, EMPHASIZING THE ANALYSIS OF 2D MOTION WITH VECTOR
COMPONENTS. |T EXPLORES THE EQUATIONS OF MOTION IN TWO DIMENSIONS WITH PRACTICAL EXAMPLES IN PROJECTILE AND
CIRCULAR MOTION. THE BOOK IS WELL-SUITED FOR READERS WHO WANT A BALANCE BETWEEN THEORY AND APPLICATION.

4. ANALYTICAL MECHANICS AND MoTION IN TWwo DIMENSIONS

A SPECIALIZED TEXT THAT DELVES DEEPLY INTO THE ANALYTICAL METHODS USED TO SOLVE 2D MOTION PROBLEMS. |T COVERS
THE DERIVATION AND APPLICATION OF THE FUNDAMENTAL EQUATIONS GOVERNING MOTION IN A PLANE. THE BOOK IS IDEAL FOR
STUDENTS LOOKING TO ENHANCE THEIR PROBLEM-SOLVING SKILLS IN PHYSICS.

5. FUNDAMENTALS OF PHYSICS: T woO-DIMENSIONAL KINEMATICS

THIS BOOK BREAKS DOWN THE CONCEPTS OF TWO-DIMENSIONAL KINEMATICS INTO DIGESTIBLE SECTIONS, EXPLAINING THE
EQUATIONS OF MOTION IN VECTOR FORM. |T INCLUDES DETAILED DISCUSSIONS ON PROJECTILE MOTION, RELATIVE MOTION, AND
MOTION IN A PLANE WITH CONSTANT ACCELERATION. NUMEROUS ILLUSTRATIONS AND EXAMPLE PROBLEMS AID IN
COMPREHENSION.

6. VEcTORS AND MoTioN: A CoMPREHENSIVE GUIDE To 2D KINEMATICS

FOCUSING ON THE ROLE OF VECTORS IN TWO-DIMENSIONAL MOTION, THIS GUIDE EXPLAINS HOW TO RESOLVE VECTORS AND
APPLY THEM TO MOTION EQUATIONS. [T COVERS TOPICS SUCH AS PROJECTILE MOTION, CIRCULAR MOTION, AND RELATIVE
VELOCITY WITH STEP-BY-STEP PROBLEM-SOLVING APPROACHES. THE TEXT IS ACCESSIBLE TO BEGINNERS AND USEFUL FOR
ADVANCED STUDENTS ALIKE.

7. MecHANICS AND MoTion: ExPLORING 2D DyNAMICS

THIS BOOK PROVIDES AN IN-DEPTH LOOK AT THE DYNAMICS OF PARTICLES MOVING IN TWO DIMENSIONS. | T EMPHASIZES THE
MATHEMATICAL FRAMEWORKS AND PHYSICAL PRINCIPLES BEHIND 2D MOTION EQUATIONS, INCLUDING FORCES AND ACCELERATION
IN THE PLANE. PRACTICAL EXAMPLES AND EXPERIMENTS HELP TO SOLIDIFY KEY CONCEPTS.

8. ApPLIED PHYSICS: EQUATIONS OF MOTION IN T WO DIMENSIONS

AN APPLIED APPROACH TO UNDERSTANDING THE EQUATIONS GOVERNING 2D MOTION, THIS BOOK INTEGRATES PHYSICS THEORY
WITH ENGINEERING APPLICATIONS. |T COVERS PROJECTILE TRAJECTORIES, UNIFORM CIRCULAR MOTION, AND RELATIVE VELOCITY
WITH DETAILED MATHEMATICAL ANALYSIS. CASE STUDIES AND REAL-LIFE APPLICATIONS MAKE THE CONTENT ENGAGING AND
RELEVANT.

Q. UNDERSTANDING KINEMATICS: THE MATHEMATICS oF 2D MoTion

THIS TEXT FOCUSES ON THE MATHEMATICAL UNDERPINNINGS OF TWO-DIMENSIONAL KINEMATICS, OFFERING A RIGOROUS
TREATMENT OF THE EQUATIONS OF MOTION. |T INCLUDES VECTOR ALGEBRA, PARAMETRIC EQUATIONS, AND CALCULUS-BASED
APPROACHES TO SOLVING MOTION PROBLEMS. THE BOOK IS WELL-SUITED FOR STUDENTS SEEKING A DEEPER MATHEMATICAL
UNDERSTANDING OF 2D MOTION.
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