TRACKER PROGRAM PHYSICS

THE STUDY OF MOTION AND FORCES, FOUNDATIONAL TO PHYSICS, OFTEN NECESSITATES SOPHISTICATED TOOLS FOR ANALYSIS.
ONE SUCH INDISPENSABLE TOOL IS THE TRACKER PROGRAM, A VERSATILE SOFT\WARE DESIGNED TO FACILITATE THE
QUANTITATIVE STUDY OF PHYSICAL PHENOMENA. THIS ARTICLE DELVES DEEP INTO THE REALM OF TRACKER PROGRAM PHYSICS,
EXPLORING ITS FUNDAMENTAL PRINCIPLES, PRACTICAL APPLICATIONS, AND THE UNDERLYING SCIENTIFIC CONCEPTS IT LEVERAGES.
WE WILL UNPACK HOW THESE PROGRAMS TRANSFORM RAW VIDEO DATA INTO ACTIONABLE PHYSICS INSIGHTS, COVERING

EVERY THING FROM BASIC KINEMATICS TO MORE COMPLEX DYNAMICS. WHETHER YOU'RE A STUDENT GRAPPLING WITH PROJECTILE
MOTION OR A RESEARCHER ANALYZING INTRICATE MECHANICAL SYSTEMS, UNDERSTANDING TRACKER PROGRAM PHYSICS IS
PARAMOUNT TO UNLOCKING A DEEPER COMPREHENSION OF THE PHYSICAL WORLD.
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WHAT IS TRACKER SOFTW ARE?

AT ITS HEART, TRACKER SOFTWARE IS A POWERFUL, FREE, OPEN-SOURCE MOTION ANALYSIS PROGRAM SPECIFICALLY DESIGNED
FOR EDUCATIONAL PURPOSES. |IT ALLOWS USERS TO RECORD OR IMPORT VIDEO CLIPS OF PHYSICAL EVENTS AND THEN ANALYZE
THE MOTION WITHIN THOSE CLIPS. THINK OF IT AS A DIGITAL MICROSCOPE FOR MOTION, ALLOWING YOU TO SEE AND MEASURE
THINGS YOU MIGHT NOT BE ABLE TO WITH THE NAKED EYE. |T°S BUILT UPON A FOUNDATION OF IMAGE PROCESSING AND
COMPUTATIONAL PHYSICS, TRANSFORMING VISUAL DATA INTO QUANTITATIVE DATA THAT CAN BE GRAPHED, ANALYZED, AND
UNDERSTOOD IN TERMS OF PHYSICAL LAWS.

THE PRIMARY FUNCTION OF TRACKER SOFTWARE IS TO ALLOW FOR THE DIGITIZATION OF MOTION. YOU CAN TRACK THE
POSITION OF AN OBJECT FRAME BY FRAME, FRAME AFTER FRAME, ESSENTIALLY CREATING A DIGITAL RECORD OF ITS JOURNEY. THIS
CAPABILITY IS REVOLUTIONARY FOR PHYSICS EDUCATION BECAUSE IT BRINGS ABSTRACT CONCEPTS TO LIFE. INSTEAD OF JUST
READING ABOUT VELOCITY AND ACCELERATION, STUDENTS CAN SEE THEM PLOTTED IN REAL-TIME, DIRECTLY DERIVED FROM
ACTUAL EXPERIMENTAL FOOTAGE. THIS HANDS-ON APPROACH FOSTERS A MUCH DEEPER AND MORE INTUITIVE UNDERST ANDING OF
PHYSICS PRINCIPLES.

Core PHYsICS PRINCIPLES IN TRACKER PROGRAMS

THE MAGIC OF TRACKER PROGRAMS LIES IN THEIR ABILITY TO BRIDGE THE GAP BETWEEN VISUAL OBSERVATION AND
QUANTITATIVE PHYSICAL ANALYSIS. THEY ARE BUILT UPON SEVERAL FUNDAMENTAL PHYSICS PRINCIPLES THAT ENABLE THEM TO
EXTRACT MEANINGFUL DATA FROM VIDEO. THESE PRINCIPLES ARE THE BEDROCK UPON WHICH ALL MOTION ANALYSIS IS BASED.

CoORDINATE SYSTEMS AND CALIBRATION

BEFORE ANY MOTION CAN BE ACCURATELY TRACKED, THE VIDEO NEEDS TO BE CALIBRATED. THIS INVOLVES ESTABLISHING A
PRECISE COORDINATE SYSTEM WITHIN THE VIDEO FRAME. TRACKER SOFTWARE ALLOWS USERS TO DEFINE THE ORIGIN (O/O) AND
THE SCALE (HO\X/ MANY PIXELS CORRESPOND TO A METER, FOR INSTANCE) USING REFERENCE OBJECTS OF KNOWN SIZE WITHIN THE
VIDEO. THIS CALIBRATION IS ABSOLUTELY CRITICAL, WITHOUT IT, ANY MEASUREMENTS OF DISTANCE, VELOCITY, OR
ACCELERATION WOULD BE MEANINGLESS. THE ACCURACY OF THE PHYSICAL ANALYSIS IS DIRECTLY DEPENDENT ON THE QUALITY



OF THIS INITIAL CALIBRATION.

TiME-BASED ANALYSIS

PHYSICS IS INHERENTLY CONCERNED WITH HOW THINGS CHANGE OVER TIME. TRACKER PROGRAMS EXCEL AT THIS BY RECORDING
THE POSITION OF A TRACKED OBJECT AT EACH INDIVIDUAL FRAME OF THE VIDEO. SINCE VIDEO IS ESSENTIALLY A SEQUENCE OF
STILL IMAGES DISPLAYED RAPIDLY, EACH FRAME REPRESENTS A SPECIFIC MOMENT IN TIME. BY KNOWING THE FRAME RATE OF THE
VIDEO (FRAMES PER SECOND), THE SOFTWARE CAN PRECISELY CALCULATE THE TIME INTERVAL BETWEEN EACH RECORDED
POSITION. THIS TIME INFORMATION IS THEN USED TO CALCULATE VELOCITIES AND ACCELERATIONS, TURNING STATIC IMAGES
INTO DYNAMIC DATA.

OBJECT TRACKING ALGORITHMS

THE CORE FUNCTIONALITY OF TRACKER SOFTWARE INVOLVES ALGORITHMS THAT FOLLOW THE MOVEMENT OF A SPECIFIC
OBJECT. USERS TYPICALLY DEFINE THE OBJECT BY MARKING ITS CENTER (OR A SPECIFIC FEATURE) IN THE FIRST FRAME. THE
SOFTWARE THEN USES VARIOUS TECHNIQUES TO AUTOMATICALLY IDENTIFY AND FOLLOW THAT SAME POINT IN SUBSEQUENT
FRAMES. THIS CAN INVOLVE SIMPLE METHODS LIKE COLOR TRACKING OR MORE COMPLEX ALGORITHMS THAT ACCOUNT FOR
CHANGES IN APPEARANCE, ROTATION, OR PARTIAL OCCLUSION. THE PRECISION OF THESE ALGORITHMS DIRECTLY IMPACTS THE
RELIABILITY OF THE COLLECTED PHYSICS DATA.

KINEMATICS WITH TRACKER PROGRAMS

KINEMATICS, THE STUDY OF MOTION WITHOUT CONSIDERING THE FORCES THAT CAUSE IT, IS PERHAPS THE MOST DIRECT AND
WIDELY APPLICABLE AREA WHERE TRACKER PROGRAMS SHINE. THEY PROVIDE AN UNPARALLELED ABILITY TO VISUALIZE AND
QUANTIFY THE BASIC DESCRIPTORS OF MOTION: POSITION, VELOCITY, AND ACCELERATION.

PosiTioN vs. TIME GRAPHS

ONCE AN OBJECT IS TRACKED, ITS POSITION IN BOTH THE X AND Y DIRECTIONS CAN BE PLOTTED AGAINST TIME. THIS GENERATES
A POSITION-TIME GRAPH, WHICH IS A CORNERSTONE OF KINEMATIC ANALYSIS. A STRAIGHT, UPWARD SLOPING LINE ON A
POSITION-TIME GRAPH, FOR INSTANCE, INDICATES CONSTANT POSITIVE VELOCITY. A CURVED LINE SUGGESTS THAT THE
VELOCITY IS CHANGING, IMPLYING ACCELERATION. TRACKER PROGRAMS AUTOMATICALLY GENERATE THESE GRAPHS, ALLOWING
STUDENTS TO DIRECTLY CORRELATE THE VISUAL MOTION WITH ITS GRAPHICAL REPRESENTATION.

VELOCITY VS. TIME GRAPHS

FROM THE POSITION-TIME DATA, TRACKER PROGRAMS CAN ALSO CALCULATE AND PLOT THE VELOCITY OF AN OBJECT OVER
TIME. A HORIZONTAL LINE ON A VELOCITY-TIME GRAPH SIGNIFIES CONSTANT VELOCITY (ZERO ACCELERATION). AN UPWARD
SLOPING LINE INDICATES CONSTANT ACCELERATION, AND A CURVED LINE POINTS TO CHANGING ACCELERATION. THESE GRAPHS
ARE INVALUABLE FOR UNDERSTANDING HOW AN OBJECTIS SPEED AND DIRECTION CHANGE, DIRECTLY ILLUSTRATING CONCEPTS LIKE
INERTIA AND THE EFFECTS OF FORCES, EVEN WHEN THOSE FORCES AREN'T EXPLICITLY MEASURED.



ACCELERATION ANALYSIS

ACCELEEATION, THE RATE OF CHANGE OF VELOCITY, IS ANOTHER KEY PARAMETER THAT TRACKER PROGRAMS CAN DERIVE. By
ANALYZING THE SLOPE OF THE VELOCITY-TIME GRAPH OR BY DIRECTLY CALCULATING THE CHANGE IN VELOCITY OVER SMALL
TIME INTERVALS, THE SOFTWARE CAN PRODUCE AN ACCELERATION-TIME GRAPH. THIS ALLOWS FOR THE VISUALIZATION OF
INSTANTANEOUS ACCELERATION, AVERAGE ACCELERATION, AND THE EFFECTS OF CONSTANT OR VARYING FORCES ON MOTION.
For EXAMPLE, OBSERVING THE ACCELERATION OF A FALLING OBJECT CAN CLEARLY DEMONSTRATE THE CONSTANT ACCELERATION
DUE TO GRAVITY.

PROJECTILE MOTION STUDIES

TRACKER PROGRAMS ARE PARTICULARLY WELL-SUITED FOR ANALYZING PROJECTILE MOTION. BY TRACKING THE TRAJECTORY OF
A THROWN BALL OR A FIRED PROJECTILE, STUDENTS CAN GENERATE POSITION-TIME, VELOCITY-TIME, AND ACCELERATION-TIME
GRAPHS. THEY CAN THEN COMPARE THE EXPERIMENTAL DATA WITH THEORETICAL PREDICTIONS BASED ON PHYSICS EQUATIONS.
THIS ALLOWS FOR INVESTIGATIONS INTO THE INDEPENDENCE OF HORIZONTAL AND VERTICAL MOTION, THE EFFECT OF LAUNCH
ANGLE ON RANGE, AND THE INFLUENCE OF AIR RESISTANCE, MAKING ABSTRACT PHYSICS PROBLEMS TANGIBLE AND TESTABLE.

DyYNAMICS AND FORCE ANALYSIS

W/HILE TRACKER PROGRAMS PRIMARILY FOCUS ON MOTION, THEY ALSO PROVIDE THE FOUNDATION FOR ANALYZING THE FORCES
THAT CAUSE THAT MOTION. BY COMBINING KINEMATIC DATA WITH NEWTON'S LAWS OF MOTION, WE CAN BEGIN TO
UNDERSTAND THE DYNAMICS OF A SYSTEM.

APPLYING NEWTON’'S SECOND LAW

NEwTON'S SECOND LAW OF MOTION STATES THAT THE NET FORCE ACTING ON AN OBJECT IS EQUAL TO ITS MASS TIMES ITS
ACCELERATION (F:MA>. TRACKER PROGRAMS PROVIDE THE ACCELERATION DATA. IF THE MASS OF THE OBJECT IS KNOWN, THEN
THE NET FORCE ACTING ON IT CAN BE CALCULATED DIRECTLY FROM THE KINEMATIC DATA. THIS ALLOWS FOR EXPERIMENTAL
VERIFICATION OF F=MA, A FUNDAMENTAL CONCEPT IN DYNAMICS. YOU CAN, FOR INSTANCE, TRACK A SYSTEM BEING PUSHED AND
CALCULATE THE APPLIED FORCE, THEN COMPARE IT TO THE MASS AND ACCELERATION.

ANALYZING FRICTION AND RESISTANCE

BY CAREFULLY ANALYZING DEVIATIONS FROM EXPECTED KINEMATIC BEHAVIOR, TRACKER PROGRAMS CAN HELP REVEAL THE
PRESENCE AND MAGNITUDE OF FORCES LIKE FRICTION AND AIR RESISTANCE. |[F AN OBJECT SLOWS DOWN MORE QUICKLY THAN
PREDICTED BY OTHER FORCES, IT SUGGESTS THE PRESENCE OF A RESISTIVE FORCE. BY QUANTIFYING THIS DEVIATION IN
ACCELERATION, ONE CAN ESTIMATE THE MAGNITUDE OF THE FRICTIONAL OR DRAG FORCE ACTING ON THE OBJECT. THIS OPENS UP
AVENUES FOR STUDYING THE FACTORS THAT INFLUENCE THESE OFTEN-COMPLEX FORCES.

INVESTIGATING COLLISIONS

TRACKER PROGRAMS ARE INVALUABLE FOR STUDYING COLLISIONS. BY TRACKING MULTIPLE OBJECTS BEFORE AND AFTER A
COLLISION, ONE CAN DETERMINE THEIR VELOCITIES AND MASSES. THIS DATA CAN THEN BE USED TO INVESTIGATE THE PRINCIPLE
OF CONSERVATION OF MOMENTUM, ANOTHER CORNERSTONE OF DYNAMICS. BY MEASURING THE MOMENTUM OF EACH OBJECT
BEFORE AND AFTER THE COLLISION, STUDENTS CAN VERIFY THAT THE TOTAL MOMENTUM OF THE SYSTEM REMAINS CONSTANT,



PROVIDED NO EXTERNAL FORCES ARE ACTING.

ADVANCED APPLICATIONS IN PHYSICS EDUCATION

BEYOND INTRODUCTORY KINEMATICS AND DYNAMICS, TRACKER PROGRAMS OFFER A RICH PLATFORM FOR EXPLORING MORE
ADVANCED PHYSICS CONCEPTS, FOSTERING DEEPER ENGAGEMENT AND UNDERSTANDING AMONG STUDENTS AT VARIOUS LEVELS.

RoTATIONAL MOTION ANALYSIS

W/ ITH CAREFUL SETUP, TRACKER PROGRAMS CAN ALSO BE ADAPTED TO ANALYZE ROTATIONAL MOTION. BY TRACKING A
SPECIFIC POINT ON A ROTATING OBJECT OR BY USING SPECIFIC FEATURES LIKE THE CENTER OF MASS, USERS CAN DERIVE ANGULAR
POSITION, ANGULAR VELOCITY, AND ANGULAR ACCELERATION. THIS ALLOWS FOR THE INVESTIGATION OF CONCEPTS LIKE
TORQUE, MOMENT OF INERTIA, AND THE CONSERVATION OF ANGULAR MOMENTUM IN A VISUAL AND INTERACTIVE MANNER.

ENERGY CONSERVATION STUDIES

W/HILE TRACKER PROGRAMS DIRECTLY MEASURE KINEMATIC QUANTITIES, THESE CAN BE READILY CONVERTED INTO KINETIC ENERGY
(]/2 MVZ). BY ANALYZING THE CHANGE IN KINETIC ENERGY OF A SYSTEM AND RELATING IT TO THE WORK DONE BY NON-
CONSERVATIVE FORCES (LIKE FRICTION), STUDENTS CAN EXPERIMENTALLY VERIFY THE PRINCIPLE OF CONSERVATION OF ENERGY.
THIS ALLOWS FOR INVESTIGATIONS INTO HOW ENERGY TRANSFORMS BETWEEN DIFFERENT FORMS, SUCH AS POTENTIAL TO
KINETIC, AND HOW LOSSES OCCUR DUE TO DISSIPATIVE FORCES.

EXPERIMENTAL VERIFICATION OF PHYSICAL LAWS

PERHAPS THE MOST PROFOUND IMPACT OF TRACKER PROGRAMS IN PHYSICS EDUCATION IS THEIR ABILITY TO FACILITATE THE
DIRECT EXPERIMENTAL VERIFICATION OF FUNDAMENTAL PHYSICAL LAWS. FROM NEWTON'S LAWS OF MOTION TO PRINCIPLES OF
ENERGY AND MOMENTUM CONSERVATION, STUDENTS CAN DESIGN EXPERIMENTS, COLLECT DATA USING VIDEO ANALYSIS, AND
COMPARE THEIR FINDINGS WITH THEORETICAL PREDICTIONS. THIS PROCESS DEMYSTIFIES PHYSICS, TRANSFORMING IT FROM A SET
OF ABSTRACT EQUATIONS INTO A SUBJECT THAT CAN BE EXPLORED AND VALIDATED THROUGH EMPIRICAL OBSERVATION AND
ANALYSIS.

SeTTING Up AND USING TRACKER SOFTWARE

GETTING STARTED WITH TRACKER PROGRAM PHYSICS IS A STRAIGHTFORW ARD PROCESS, BUT ATTENTION TO DETAIL IN SETUP IS
CRUCIAL FOR ACCURATE RESULTS.

VIDEO RECORDING CONSIDERATIONS

THE QUALITY OF YOUR VIDEO IS PARAMOUNT. FOR ACCURATE TRACKING, ENSURE THE VIDEO IS WELL-LIT, WITH GOOD
CONTRAST BETWEEN THE OBJECT OF INTEREST AND THE BACKGROUND. AVOID EXCESSIVE MOTION BLUR, WHICH CAN MAKE
PRECISE TRACKING DIFFICULT. USING A TRIPOD TO KEEP THE CAMERA STEADY IS HIGHLY RECOMMENDED. THE OBJECT BEING
TRACKED SHOULD IDEALLY BE A REASONABLE SIZE WITHIN THE FRAME AND ITS MOTION SHOULD NOT BE TOO RAPID FOR THE
CAMERA’S FRAME RATE TO CAPTURE EFFECTIVELY.



CALIBRATION TECHNIQUES

As MENTIONED, CALIBRATION IS KEY. W/ITHIN THE TRACKER SOFTWARE, YOU'LL NEED TO ESTABLISH A SCALE BY MARKING
POINTS OF KNOWN DISTANCE IN THE VIDEO. THIS COULD BE A RULER PLACED NEXT TO THE EXPERIMENT OR A SPECIFIC DIMENSION
OF AN OBJECT THAT IS KNOWN. YOU'LL ALSO DEFINE THE ORIGIN OF YOUR COORDINATE SYSTEM. THIS INITIAL STEP ENSURES
THAT THE PIXEL MEASUREMENTS ARE CONVERTED INTO REAL-WORLD UNITS OF METERS, SECONDS, AND KILOGRAMS.

TRACKING METHODS

TRACKER SOFT\WARE OFFERS VARIOUS METHODS FOR TRACKING. THE SIMPLEST IS MANUAL TRACKING, WHERE YOU CLICK ON THE
OBJECT IN EACH FRAME. MORE ADVANCED AUTOMATED TRACKING FEATURES CAN FOLLOW OBJECTS BASED ON COLOR, SHAPE, OR
BY MARKING A SPECIFIC FEATURE AND LETTING THE SOFTWARE TRACK IT. EXPERIMENTING WITH THESE METHODS AND
UNDERSTANDING THEIR LIMITATIONS IS PART OF THE LEARNING PROCESS.

DATA EXPORT AND ANALYSIS

ONCE TRACKING IS COMPLETE, TRACKER PROGRAMS ALLOW YOU TO EXPORT THE GENERATED DATA (POSITION/ VELOCITY,
ACCELEEATION) IN VARIOUS FORMATS, COMMONLY AS CSV FILES. THIS DATA CAN THEN BE IMPORTED INTO SPREADSHEET
SOFTWARE OR OTHER DATA ANALYSIS TOOLS FOR FURTHER MANIPULATION, PLOTTING, AND STATISTICAL ANALYSIS,
EXTENDING THE CAPABILITIES BEYOND WHAT THE TRACKER PROGRAM ITSELF OFFERS.

LIMITATIONS AND CONSIDERATIONS IN TRACKER PROGRAM PHYSICS

\W/HILE INCREDIBLY POWERFUL, IT'S IMPORTANT TO BE AWARE OF THE INHERENT LIMITATIONS AND POTENTIAL PITFALLS WHEN
USING TRACKER PROGRAMS FOR PHYSICS ANALYSIS.

VIDEO RESOLUTION AND FRAME RATE

THE RESOLUTION OF THE VIDEO AND ITS FRAME RATE IMPOSE LIMITATIONS ON THE PRECISION OF THE MEASUREMENTS. A LOW-
RESOLUTION VIDEO WILL MAKE IT HARDER TO ACCURATELY PINPOINT THE CENTER OF AN OBJECT, AND A LOW FRAME RATE MIGHT
MISS CRUCIAL MOMENTS OF RAPID MOTION, LEADING TO INACCURACIES IN VELOCITY AND ACCELERATION CALCULATIONS. THINK
OF IT LIKE TRYING TO DRAW A DETAILED PICTURE WITH A THICK CRAYON VERSUS A FINE-TIPPED PEN — THE TOOL MATTERS.

CAMERA ANGLE AND PERSPECTIVE DISTORTION

THE ANGLE FROM WHICH THE VIDEO IS RECORDED CAN INTRODUCE ERRORS. IF THE CAMERA IS NOT DIRECTLY PERPENDICULAR TO
THE PLANE OF MOTION, PERSPECTIVE DISTORTION CAN OCCUR, MAKING DISTANCES APPEAR DIFFERENT THAN THEY ACTUALLY ARE.
THIS CAN SIGNIFICANTLY AFFECT THE ACCURACY OF SCALED MEASUREMENTS. |DEALLY, THE MOTION SHOULD OCCUR IN A PLANE
PARALLEL TO THE CAMERA SENSOR.

LIGHTING CoNDITIONS AND OBJECT VISIBILITY

POOR LIGHTING CAN MAKE IT DIFFICULT FOR THE SOFTWARE TO ACCURATELY IDENTIFY AND TRACK THE OBJECT. SHADO\X/S/



GLARE, OR LOW CONTRAST CAN LEAD TO ERRATIC TRACKING OR THE INABILITY TO TRACK THE OBJECT ALTOGETHER. ENSURING
CONSISTENT AND ADEQUATE LIGHTING IS THEREFORE CRUCIAL FOR OBTAINING RELIABLE DATA.

AcCCURACY OF USER INPUT

MANUAL TRACKING REQUIRES A SIGNIFICANT DEGREE OF USER ACCURACY. SMALL ERRORS IN CLICKING THE CENTER OF AN OBJECT
FRAME AFTER FRAME CAN ACCUMULATE AND LEAD TO NOTICEABLE DISCREPANCIES IN THE CALCULATED KINEMATIC DATA.
AUTOMATED TRACKING ALGORITHMS CAN HELP MITIGATE THIS, BUT THEY TOO CAN HAVE THEIR LIMITATIONS AND MAY REQUIRE
MANUAL CORRECTION.

ASSUMPTIONS AND SIMPLIFICATIONS

TRACKER PROGRAMS OFTEN OPERATE UNDER SIMPLIFYING ASSUMPTIONS. FOR EXAMPLE, THEY MIGHT ASSUME THE OB_JECT,S MASS
REMAINS CONSTANT, OR THAT THE PLANE OF MOTION IS PERFECTLY TWO-DIMENSIONAL. IN REAL-WORLD SCENARIOS, FACTORS
LIKE AIR RESISTANCE, VARIATIONS IN MASS, OR THREE-DIMENSIONAL MOTION CAN INFLUENCE RESULTS. IT'S IMPORTANT FOR
USERS TO UNDERSTAND THESE ASSUMPTIONS AND CONSIDER THEIR IMPACT ON THE VALIDITY OF THE CONCLUSIONS DRAWN FROM
THE DATA.

FAQ

Q: WHAT IS THE PRIMARY ADVANTAGE OF USING A TRACKER PROGRAM FOR PHYSICS
EXPERIMENTS?

A: THE PRIMARY ADVANTAGE IS ITS ABILITY TO TRANSFORM QUALITATIVE VISUAL OBSERVATIONS INTO QUANTITATIVE DATA.
THIS ALLOWS FOR DIRECT MEASUREMENT AND ANALYSIS OF MOTION, MAKING ABSTRACT PHYSICS CONCEPTS TANGIBLE AND
ENABLING EXPERIMENTAL VERIFICATION OF PHYSICAL LAWS.

QI CAN TRACKER PROGRAMS BE USED TO ANALYZE MOTION IN THREE DIMENSIONS?

A: STANDARD TRACKER PROGRAMS ARE PRIMARILY DESIGNED FOR T\WO-DIMENSIONAL ANALYSIS. HO\X/EVER, SPECIALIZED
SOFTWARE OR ADVANCED TECHNIQUES INVOLVING MULTIPLE CAMERAS CAN BE USED FOR 3D MOTION RECONSTRUCTION, THOUGH
THIS IS MORE COMPLEX.

Q: How DOES CALIBRATION AFFECT THE ACCURACY OF PHYSICS DATA FROM A
TRACKER PROGRAM?

A: CALIBRATION IS ABSOLUTELY CRITICAL. WITHOUT ACCURATE CALIBRATION OF SCALE AND ORIGIN, ANY MEASUREMENTS OF
DISTANCE, VELOCITY, OR ACCELERATION DERIVED FROM THE VIDEO WILL BE INCORRECT AND MISLEADING.

Q: WHAT TYPES OF PHYSICS EXPERIMENTS ARE MOST SUITABLE FOR ANALYSIS WITH
TRACKER SOFT\WARE?

A: EXPERIMENTS INVOLVING THE MOTION OF OBJECTS, SUCH AS PROJECTILE MOTION, LINEAR MOTION ON INCLINED PLANES,
COLLISIONS, PENDULUMS, AND CIRCULAR MOTION, ARE HIGHLY SUITABLE.



Q: Is TRACKER SOFTWARE SUITABLE FOR ADVANCED UNIVERSITY-LEVEL PHYSICS
RESEARCH?

A: WHILE EXCELLENT FOR EDUCATIONAL PURPOSES AND PRELIMINARY ANALYSIS, ADVANCED RESEARCH MAY REQUIRE MORE
SPECIALIZED MOTION CAPTURE SYSTEMS WITH HIGHER PRECISION, FRAME RATES, AND SPECIALIZED ALGORITHMS FOR COMPLEX
PHENOMENA.

QZ How cAN | IMPROVE THE QUALITY OF VIDEO FOR TRACKING IN PHYSICS?

A: ENSURE GOOD LIGHTING, USE A STABLE CAMERA (TRIPOD), AVOID EXCESSIVE ZOOM THAT DEGRADES RESOLUTION, AND TRY
TO KEEP THE OBJECT OF INTEREST LARGE AND CLEAR WITHIN THE FRAME.

Q: WHAT ARE THE COMMON UNITS FOR MEASUREMENTS OBTAINED FROM A TRACKER
PROGRAM?

A: TYPICALLY, POSITION IS MEASURED IN METERS (M), TIME IN SECONDS (S), VELOCITY IN METERS PER SECOND (M/S), AND
ACCELERATION IN METERS PER SECOND SQUARED (M/s2).

QI CAN TRACKER PROGRAMS ACCOUNT FOR AIR RESISTANCE IN PROJECTILE MOTION?

A: DIRECTLY, TRACKER PROGRAMS MEASURE MOTION. HO\X/EVER, BY COMPARING THE MEASURED ACCELERATION TO THE
THEORETICAL ACCELERATION DUE TO GRAVITY, ONE CAN INFER THE PRESENCE AND EFFECT OF AIR RESISTANCE. SPECIALIZED
ANALYSIS MAY BE NEEDED TO QUANTIFY IT PRECISELY.
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