SuPPOSE THE AIR T ABLE Is PLACED HorIZONTALLY AND A
SPRING Is ATTACHED To THE Puck INsTEAD OF THE STRING.

Suppose THE AIR TABLE Is PLACED HorizoNTALLY AND A SPRING IS ATTACHED To THE Puck INSTEAD OF THE STRING.
THIS SCENARIO PRESENTS A FASCINATING VARIATION OF CLASSICAL PHYSICS EXPERIMENTS INVOLVING OSCILLATIONS AND
HARMONIC MOTION. BY REPLACING THE TRADITIONAL STRING AND PULLEY SYSTEM WITH A SPRING ATTACHED TO A PUCK ON AN
AIR TABLE, WE CAN EXPLORE THE DYNAMICS OF SPRING-MASS SYSTEMS IN A NEAR-FRICTIONLESS ENVIRONMENT. UNDERST ANDING
THIS SETUP PROVIDES VALUABLE INSIGHTS INTO OSCILLATORY MOTION, ENERGY CONSERVATION, AND THE EFFECTS OF DAMPING,
MAKING IT A COMPELLING TOPIC FOR PHYSICS STUDENTS AND ENTHUSIASTS ALIKE.

UNDERSTANDING THE EXPERIMENTAL SETUP

BEFORE DELVING INTO THE PHYSICS PRINCIPLES AT PLAY, IT’S ESSENTIAL TO COMPREHEND THE KEY COMPONENTS OF THIS
MODIFIED SYSTEM.

COMPONENTS OF THE SYSTEM

- AIR TABLE: A SMOOTH, HORIZONTAL SURFACE THAT MINIMIZES FRICTION, ALLOWING OBJECTS TO GLIDE WITH MINIMAL
RESISTANCE.

- Puck: A SMALL, FLAT OBJECT THAT CAN FREELY SLIDE ACROSS THE AIR TABLE.

- SPRING: A ELASTIC COMPONENT CONNECTED TO THE PUCK, PROVIDING RESTORING FORCE WHEN DISPLACED.

- SUPPORT STRUCTURE: A FRAME OR ATTACHMENT POINT WHERE THE SPRING IS ANCHORED, FIXED TO MAINTAIN STABILITY.

- DISPLACEMENT MECHANISM: A WAY TO PULL OR PUSH THE PUCK FROM ITS EQUILIBRIUM POSITION TO INITIATE OSCILLATIONS,

SETUP DESCRIPTION

IN THIS CONFIGURATION, THE PUCK RESTS ON THE AIR TABLE AND IS CONNECTED TO A SPRING ANCHORED AT A FIXED POINT,
TYPICALLY AT ONE END OF THE TABLE. W/HEN THE PUCK IS DISPLACED FROM ITS EQUILIBRIUM POSITION AND RELEASED, IT
OSCILLATES BACK AND FORTH UNDER THE INFLUENCE OF THE SPRING’S RESTORING FORCE. UNLIKE A TRADITIONAL MASS-SPRING
SYSTEM IN A VERTICAL SETUP, THIS HORIZONTAL ARRANGEMENT ALLOWS FOR THE STUDY OF SIMPLE HARMONIC MOTION IN A
FRICTIONLESS ENVIRONMENT.

FUNDAMENTAL PHYSICS PRINCIPLES INVOLVED

THIS EXPERIMENT EXEMPLIFIES SEVERAL CORE PHYSICS CONCEPTS, NOTABLY:

Hooke’s LAW AND RESTORING FORCE

Hooke’s LAW STATES THAT THE RESTORING FORCE EXERTED BY A SPRING IS PROPORTIONAL TO THE DISPLACEMENT AND ACTS
IN THE OPPOSITE DIRECTION:

\[F=-kx\]

WHERE:
-\(F\) = RESTORING FORCE



-\(k \) = SPRING CONSTANT (STIFFNESS)
-\(x \) = DISPLACEMENT FROM EQUILIBRIUM

IMPLICATION: THE PUCK EXPERIENCES A RESTORING FORCE PROPORTIONAL TO ITS DISPLACEMENT, LEADING TO OSCILLATORY
MOTION.

SiMPLE HARMONIC MoTIoN (SHM)

\W/HEN THE RESTORING FORCE IS PROPORTIONAL TO DISPLACEMENT AND ACTS TOWARDS THE EQUILIBRIUM POINT, THE MOTION IS
SIMPLE HARMONIC. THE KEY CHARACTERISTICS INCLUDE:

- Perioo (\( T '\))

- Frequency (\(F \))

- AmpLituoe (\( A \))

- PHASE

MATHEMATICAL DESCRIPTION:

\[ x(7) = A \cos(\omeGa T + \pH1) \]

WHERE:

- \(\oMeca = \sqQrT{\FrAC{K}{M}} \) (ANGULAR FREQUENCY)
-\(™m\) = MASS OF THE PUCK

-\(\PHI \) = PHASE CONSTANT

NOTE: IN THE FRICTIONLESS ENVIRONMENT OF THE AIR TABLE, DAMPING EFFECTS ARE MINIMIZED, ALLOWING NEAR-IDEAL SHM.

ENeRGY CONSERVATION

THE SYSTEM EXHIBITS CONVERSION BETWEEN POTENTIAL ENERGY STORED IN THE SPRING AND KINETIC ENERGY OF THE PUCK:

- AT MAXIMUM DISPLACEMENT (AMPLITUDE)/ POTENTIAL ENERGY IS MAXIMUM; KINETIC ENERGY IS ZERO.
- AT EQUILIBRIUM, KINETIC ENERGY IS MAXIMUM; POTENTIAL ENERGY IS ZERO.

ANALYZING THE MOTION OF THE Puck

UNDERSTANDING THE DYNAMICS INVOLVES EXAMINING HOW THE PUCK MOVES, FACTORS INFLUENCING ITS MOTION, AND HOW TO
MEASURE AND ANALYZE THE OSCILLATIONS.

EQUATION OF MOTION

APPLYING NEWTON’S SECOND LAW:
\[Ma=-kx\]

WHICH LEADS TO THE DIFFERENTIAL EQUATION:

\[ \rrAac{Dp"2 x}{p7"2} + \FrrRAC{K}{M} x =0 \]
THE GENERAL SOLUTION:

\[ x(7) = A \cos(\omeGa T + \pH) \]



\WHERE:

-\CA\) = INTIAL DISPLACEMENT (AMPLITUDE)
- \(\PHI \) = PHASE CONSTANT BASED ON INITIAL CONDITIONS
-\(\omeca = \s@rT{\FrAac{k}{M}} \) = ANGULAR FREQUENCY

DETERMINING THE PERIOD AND FREQUENCY

- PerioD:

\[ T =2 \pi \sarT{\FrAc{M}{k}} \]

- FREQUENCY:

\[F = \rRAc{1}{T} = \rrac{ 1H2 \P1} \s@rT{\rrAc{k}{M}} \]

PRACTICAL MEASUREMENT: USING A STOPWATCH OR MOTION SENSOR, ONE CAN RECORD THE TIME FOR MULTIPLE OSCILLATIONS
AND CALCULATE THE PERIOD.

FACTORS AFFECTING OSCILLATIONS

- SpriNnG ConsTANT (\(k\))

THE STIFFER THE SPRING, THE HIGHER THE RESTORING FORCE, LEADING TO FASTER OSCILLATIONS.

- Mass oF THe Puck (\(m\))

HEAVIER PUCKS OSCILLATE MORE SLOWLY.

- InmiaL Dispeacement (\(A\))

L ARGER DISPLACEMENTS RESULT IN LARGER AMPLITUDE BUT DO NOT AFFECT THE PERIOD IN IDEAL SHM.
- FRICTION AND DAMPING

ALTHOUGH MINIMIZED ON AN AIR TABLE, RESIDUAL FRICTION CAN DAMPEN OSCILLATIONS OVER TIME.

ADVANTAGES OF USING AN AIR TABLE IN THIS SETUP

THE AIR TABLE OFFERS SEVERAL BENEFITS WHEN STUDYING SPRING OSCILLATIONS:

- MINIMAL FRICTION:

THE THIN LAYER OF AIR REDUCES RESISTANCE, ALLOWING THE PUCK TO GLIDE SMOOTHLY, CLOSELY APPROXIMATING IDEAL
CONDITIONS.

- ACCURATE MEASUREMENT OF OSCILLATIONS:

REDUCED DAMPING MEANS OSCILLATIONS LAST LONGER, MAKING IT EASIER TO ANALYZE AND MEASURE.

- CONTROLLED ENVIRONMENT:

THE HORIZONTAL SETUP MINIMIZES EXTERNAL INFLUENCES SUCH AS GRAVITY EFFECTS ENCOUNTERED IN VERTICAL ARRANGEMENTS.
- EASE OF SETUP AND ADJUSTMENT:

THE POSITION OF THE SPRING AND INITIAL DISPLACEMENT CAN BE EASILY MANIPULATED FOR VARIOUS EXPERIMENTS.

ExXPERIMENTAL PROCEDURES AND DATA COLLECTION

TO FULLY EXPLORE THIS SYSTEM, FOLLOW THESE STEPS!



STeP-BY-STEP GUIDE

1. SET UP THE AIR T ABLE:

ENSURE IT IS LEVEL AND CLEAN TO PROVIDE A SMOOTH SURFACE.

2. ATTACH THE SPRING:

SECURELY CONNECT THE SPRING TO A FIXED SUPPORT AT ONE END OF THE TABLE.
3. PLACE THE Puck:

POSITION THE PUCK NEAR THE EQUILIBRIUM POINT OF THE SPRING.

4. DisPLACE THE Puck:

PuLL THe Puck A sPeCIFIC DISTANCE (\(A\)) FROM EQUILIBRIUM.

5. ReLEASE W ITHOUT PuUsH:

LET GO GENTLY TO AVOID IMPARTING ADDITIONAL FORCE.

6. RECORD THE MOTION:

USE A HIGH-SPEED CAMERA, MOTION SENSOR, OR STOPWATCH TO MEASURE OSCILLATIONS.
7. RePEAT FOR DIFFERENT DISPLACEMENTS:

VAarY \(A\) To OBSERVE EFFECTS ON AMPLITUDE AND PERIOD.

DATA ANALYSIS

- CALCULATE THE PERIOD FROM RECORDED OSCILLATIONS.
- PLoT \(x(™)\) vs. TIME TO VISUALIZE SHM.
- DETERMINE THE SPRING CONSTANT \(k\) USING THE MEASURED PERIOD AND KNOWN MASS:

\[k =\rrac{4 \P"2 M}{T"23\]

- ANALYZE HOW DAMPING EFFECTS INFLUENCE OSCILLATIONS OVER TIME.

APPLICATIONS AND REAL-\X ORLD IMPLICATIONS

UNDERSTANDING THE DYNAMICS OF A PUCK ATTACHED TO A SPRING ON AN AIR TABLE HAS NUMEROUS PRACTICAL
APPLICATIONS!

- DESIGN OF SUSPENSION SYSTEMS:

INSIGHTS INTO OSCILLATORY BEHAVIOR INFORM SHOCK ABSORBERS AND VEHICLE SUSPENSIONS.
- VIBRATION ANALYSIS:

HELPS IN ENGINEERING STRUCTURES TO MANAGE OSCILLATIONS AND AVOID RESONANCE.

- EDUCATIONAL DEMONSTRATIONS:

PROVIDES A CLEAR, VISUAL UNDERSTANDING OF HARMONIC MOTION PRINCIPLES.

- MATERIAL TESTING:

SPRING CONSTANTS AND DAMPING EFFECTS CAN BE STUDIED FOR DIFFERENT MATERIALS.

EXTENSIONS AND ADVANCED T OPICS

BEYOND THE BASIC SETUP, SEVERAL EXTENSIONS CAN DEEPEN UNDERSTANDING:

INTRODUCING DAMPING

- ADDING A DAMPING MECHANISM (LIKE A DASHPOT) TO EXAMINE HOW DAMPING AFFECTS AMPLITUDE AND PERIOD.



- STUDY OF LOGARITHMIC DECREMENT TO QUANTIFY DAMPING.

NONLINEAR SPRINGS

- USING SPRINGS WITH NON-HOOKE’S LAW BEHAVIOR TO EXPLORE NONLINEAR OSCILLATIONS.

CoupLED OSCILLATIONS

- ATTACHING MULTIPLE SPRINGS OR MASSES TO STUDY COMPLEX OSCILLATORY SYSTEMS.

VERTICAL SETUP V ARIATIONS

- COMPARING HORIZONTAL AND VERTICAL OSCILLATIONS TO UNDERSTAND GRAVITATIONAL EFFECTS.

CoNCLUSION

REPLACING THE TRADITIONAL STRING AND PULLEY SYSTEM WITH A SPRING ATTACHED TO A PUCK ON AN AIR TABLE PROVIDES A
POWERFUL, CLEAR DEMONSTRATION OF SIMPLE HARMONIC MOTION AND FUNDAMENTAL PHYSICS PRINCIPLES. THE FRICTIONLESS
ENVIRONMENT ALLOWS FOR PRECISE MEASUREMENTS AND OBSERVATIONS, MAKING IT AN IDEAL SETUP FOR BOTH EDUCATIONAL
DEMONSTRATIONS AND ADVANCED RESEARCH. BY UNDERSTANDING THE DYNAMICS OF THIS SYSTEM, STUDENTS AND SCIENTISTS
CAN BETTER GRASP THE BEHAVIOR OF OSCILLATORY SYSTEMS, ENERGY CONSERVATION, AND THE IMPACT OF VARIOUS FACTORS
ON HARMONIC MOTION. W/HETHER FOR CLASSROOM EXPERIMENTS OR PRACTICAL ENGINEERING APPLICATIONS, THIS SCENARIO
OFFERS A RICH PLATFORM FOR EXPLORING THE FASCINATING WORLD OF PHYSICS.

FREQUENTLY ASkeD QUESTIONS

How DOES ATTACHING A SPRING TO THE PUCK INSTEAD OF A STRING AFFECT THE
MOTION OF THE AIR TABLE SETUP?

REPLACING THE STRING WITH A SPRING INTRODUCES OSCILLATORY MOTION DUE TO THE SPRING'S RESTORING FORCE, LEADING TO
HARMONIC MOTION OF THE PUCK, UNLIKE THE UNIFORM CIRCULAR MOTION SEEN WITH A STRING.

\WHAT ARE THE KEY DIFFERENCES IN ENERGY TRANSFER WHEN A SPRING IS USED INSTEAD
OF A STRING IN THE HORIZONTAL AIR TABLE EXPERIMENT?

WITH A SPRING, THE SYSTEM EXHIBITS BOTH KINETIC ENERGY AND ELASTIC POTENTIAL ENERGY, RESULTING IN OSCILLATIONS,
WHEREAS A STRING TYPICALLY ALLOWS FOR UNIFORM CIRCULAR MOTION WITH ENERGY PRIMARILY IN KINETIC FORM.

How CAN THE PERIOD OF OSCILLATION OF THE PUCK BE DETERMINED WHEN ATTACHED
TO A SPRING ON A HORIZONTAL AIR TABLE?

THE PERIOD CAN BE CALCULATED USING THE FORMULA T = 2I'I (M/K)/ WHERE M IS THE MASS OF THE PUCK AND K IS THE SPRING
CONSTANT, REFLECTING SIMPLE HARMONIC MOTION.



WHAT ARE THE PRACTICAL CONSIDERATIONS WHEN REPLACING THE STRING WITH A
SPRING IN AN AIR TABLE EXPERIMENT?

CONSIDERATIONS INCLUDE ENSURING THE SPRING'S ELASTIC LIMIT ISN'T EXCEEDED, SELECTING AN APPROPRIATE SPRING CONSTANT
FOR OBSERVABLE OSCILLATIONS, AND ENSURING THE SPRING'S ATTACHMENT POINT ALLOWS FREE MOTION WITHOUT
OBSTRUCTION.

IN WHAT WAYS DOES THE USE OF A SPRING PROVIDE INSIGHTS INTO SIMPLE HARMONIC
MOTION COMPARED TO A STRING IN THE AIR TABLE SETUP?

USING A SPRING ALLOWS DIRECT OBSERVATION OF OSCILLATORY BEHAVIOR, RESTORING FORCES, AND ENERGY EXCHANGES
CHARACTERISTIC OF SIMPLE HARMONIC MOTION, OFFERING A CLEARER UNDERSTANDING OF THESE PRINCIPLES THAN UNIFORM
CIRCULAR MOTION WITH A STRING.

ADDITIONAL RESOURCES

SupPOSE THE AIR TABLE IS PLACED HORIZONTALLY AND A SPRING IS ATTACHED To THE Puck INSTEAD OF THE STRING —
THIS SCENARIO OFFERS A FASCINATING VARIATION ON CLASSIC PHYSICS EXPERIMENTS INVOLVING OSCILLATIONS, FORCES, AND
ENERGY CONSERVATION. REPLACING THE TRADITIONAL STRING WITH A SPRING INTRODUCES NEW DYNAMICS, FORCE
INTERACTIONS, AND ANALY TICAL CONSIDERATIONS. WHETHER YOU'RE A STUDENT DELVING INTO PHYSICS CONCEPTS OR AN
EDUCATOR DESIGNING EXPERIMENTS, UNDERSTANDING THIS SETUP PROVIDES VALUABLE INSIGHTS INTO HARMONIC MOTION, FORCE
ANALYSIS, AND THE BEHAVIOR OF ELASTIC MATERIALS IN A NEAR-FRICTIONLESS ENVIRONMENT.

INTRODUCTION: EXPLORING A MoDIFIED AIR T ABLE SETUP

IMAGINE AN AIR TABLE—A SMOOTH, LOW-FRICTION SURFACE THAT MINIMIZES RESISTANCE—AND A PUCK PLACED ON IT.
TRADITIONALLY/ ONE MIGHT CONNECT THE PUCK TO A FIXED POINT VIA A STRING, STUDYING SIMPLE HARMONIC MOTION AS THE
PUCK OSCILLATES BACK AND FORTH. NO\)V, CONSIDER REPLACING THAT STRING WITH A SPRING ATTACHED TO THE PUCK. THIS
ALTERATION TRANSFORMS THE PROBLEM, ADDING ELASTICITY AS A KEY COMPONENT INFLUENCING MOTION.

THIS SCENARIO IS NOT ONLY AN INTRIGUING PHYSICS PUZZLE BUT ALSO SERVES AS AN EXCELLENT MODEL FOR UNDERSTANDING
THE PRINCIPLES OF OSCILLATORY MOTION, Hooke's LAY, AND ENERGY TRANSFER IN IDEALIZED SYSTEMS. THIS GUIDE AIMS TO

PROVIDE A COMPREHENSIVE BREAKDOWN OF THIS SETUP, INCLUDING THEORETICAL FOUNDATIONS, PRACTICAL CONSIDERATIONS,
AND ANALYTICAL METHODS.

1. CoNCEPTUAL FOUNDATIONS

1.7. THe CLASSIC AIR TABLE AND STRING SYSTEM

IN A TYPICAL SETUP, A PUCK RESTS ON AN AIR TABLE, CONNECTED VIA A STRING PASSING OVER A PULLEY TO A HANGING MASS
OR FIXED POINT. W/HEN DISPLACED, GRAVITY OR EXTERNAL FORCES INDUCE OSCILLATIONS, WHICH CAN OFTEN BE MODELED AS
SIMPLE HARMONIC MOTION FOR SMALL DISPLACEMENTS.

1.2. REPLACING THE STRING WITH A SPRING

IN OUR MODIFIED SETUP, INSTEAD OF A STRING, A SPRING IS ATTACHED TO THE PUCK, ANCHORED AT A FIXED POINT ON THE
TABLE. W/HEN THE PUCK IS DISPLACED FROM EQUILIBRIUM, THE SPRING EXERTS A RESTORING FORCE PROPORTIONAL TO THE
DISPLACEMENT, ACCORDING TO HOOKE'S LAW:

\[ F_{\text{spriNG}} = -k x \]

\WHERE:



- \(k\) IS THE SPRING CONSTANT (MEASURE OF SPRING STIFFNESS),
- \(x\) IS THE DISPLACEMENT FROM EQUILIBRIUM POSITION.

THIS CHANGE SHIFTS THE ANALYSIS FROM MASS-SPRING SYSTEMS TO ELASTIC OSCILLATIONS, WITH THE KEY DIFFERENCE BEING
THE NATURE OF THE RESTORING FORCE AND THE POTENTIAL ENERGY STORED IN THE SPRING.

2. THEORETICAL ANALYSIS

2.7. ASSUMPTIONS AND IDEALIZATIONS

FOR CLARITY AND SIMPLICITY, CONSIDER THE FOLLOWING IDEAL CONDITIONS:

- THE AIR TABLE PROVIDES NEGLIGIBLE FRICTION AND AIR RESISTANCE.

- THE SPRING OBEYS HOOKE'S LAW PERFECTLY WITHIN ITS ELASTIC LIMITS.

- THE MASS OF THE SPRING ITSELF IS NEGLIGIBLE.

- THE INITIAL DISPLACEMENT IS SMALL ENOUGH TO ASSUME SIMPLE HARMONIC MOTION.
2.2. EQUATIONS OF MOTION

THE PUCK'S MOTION CAN BE DESCRIBED BY NEWTON'S SECOND LAW:

\[ M \rrAc{D"2x}{DT"2} = -k x \]

THIS DIFFERENTIAL EQUATION CHARACTERIZES SIMPLE HARMONIC MOTION WITH SOLUTIONS:
\[ x(1) = A \cos(\omeca T + \pHI) \]

WHERE:

- \(A\) IS THE AMPLITUDE OF OSCILLATION (INITIAL DISPLACEMENT),

- \(\PHI\) IS THE PHASE CONSTANT DETERMINED BY INITIAL CONDITIONS,
- \(\oMEGA\) IS THE ANGULAR FREQUENCY:

\[ \oMeca = \s@rT{\FrRAc{k}{M}} \]

2.3. ENerGY CONSIDERATIONS

TOTAL MECHANICAL ENERGY IN THE SYSTEM REMAINS CONSTANT (ASSUMING NO DAMPING ):
\[ E_{\text{ToTAL}} = \rRAC{1}{23} M v"2 + \rrAc{ 1}{2} k x"2 \]

AT MAXIMUM DISPLACEMENT \(X = A\), THE KINETIC ENERGY IS ZERO, AND POTENTIAL ENERGY STORED IN THE SPRING IS
MAXIMUM:

\[ E_{\1ext{mMax}} = \rrac{1}{2} k A"2\]
AT eQuILIBRIUM \(x=0\), ALL ENERGY IS KINETIC:
\[ E_{\rext{kineTic}} = \rrac{1}{ 2} M v_{\TexT{MAX}}"2 = \rrac{1}{2} k A"2 \]

THIS PROVIDES A DIRECT LINK BETWEEN AMPLITUDE, MASS, AND MAXIMUM VELOCITY.

3. PrACTICAL CONSIDERATIONS AND EXPERIMENTAL SETUP

3.1. COMPONENTS REQUIRED



- AIR TABLE: TO MINIMIZE FRICTION, ENSURING NEAR-IDEAL CONDITIONS.

- PUCK: TYPICALLY A LIGHTWEIGHT, SMOOTH OBJECT THAT CAN GLIDE FREELY.

- SPRING: WITH A KNOWN SPRING CONSTANT \(k\), ATTACHED TO THE PUCK.

- FIXED ANCHORING POINT: TO SECURE ONE END OF THE SPRING.

- DISPLACEMENT DEVICE: TO DISPLACE THE PUCK FROM EQUILIBRIUM PRECISELY.

- MEASURING TOOLS: MOTION SENSORS, RULERS, OR HIGH-SPEED CAMERAS FOR TRACKING.

3.2. SETTING UP THE EXPERIMENT

1. SECURE THE SPRING FIRMLY TO THE FIXED POINT ON THE TABLE.

2. ATTACH THE PUCK TO THE FREE END OF THE SPRING.

3. DISPLACE THE PUCK SLIGHTLY FROM EQUILIBRIUM, THEN RELEASE TO OBSERVE OSCILLATIONS.
4. RECORD POSITION VS. TIME DATA USING SENSORS OR VIDEO ANALYSIS.

5. REPEAT MEASUREMENTS AT DIFFERENT INITIAL DISPLACEMENTS TO VERIFY LINEARITY AND HARMONIC BEHAVIOR.
3.3. POTENTIAL CHALLENGES

- ENSURING NEGLIGIBLE FRICTION: EVEN SLIGHT IMPERFECTIONS CAN DAMPEN OSCILLATIONS.

- SPRING NON-IDEALITIES: HYSTERESIS OR NON-LINEAR BEHAVIOR AT LARGE DISPLACEMENTS.
- ACCURATE MEASUREMENT OF DISPLACEMENT AND TIMING, ESPECIALLY FOR SMALL AMPLITUDES.

4. ANALYTICAL AND DATA ANALYSIS

4.7. DETERMINING THE SPRING ConsTANT \(k\)

- USE KNOWN MASSES AND MEASURED OSCILLATION PERIODS:

\[ T =2 \pi \srT{\rrRAc{M}{K]} \RicGHTARROW Kk = \FRAC{4 \PI"2 M}{T"2}\]

- ALTERNATIVELY, APPLY A KNOWN FORCE AND MEASURE DISPLACEMENT.

4.2. CALCULATING THE OSCILLATION PERIOD

- RECORD THE TIME FOR MULTIPLE OSCILLATIONS TO IMPROVE ACCURACY.

- CALCULATE THE AVERAGE PErIOD \(T\).

- VErIFY THAT \(T\) REMAINS CONSISTENT ACROSS DIFFERENT INITIAL AMPLITUDES (CONFIRMING HARMONIC MOTION).

4.3. ENerGY CONSERVATION VERIFICATION

- MEASURE MAXIMUM DISPLACEMENT AND MAXIMUM VELOCITY.
- CALCULATE INITIAL POTENTIAL ENERGY:

\U=\rrac{13}{2}k A"2\]
- MEASURE MAXIMUM KINETIC ENERGY:
\[ K =\rrac{1}{2} M v_{\TexT{MaX}}"2\]

- ConrFirM THAT \(U \aPPrOX K\), WITHIN EXPERIMENTAL ERROR, TO VALIDATE ENERGY CONSERVATION.

5. EXTENSIONS AND V ARIATIONS
5.7. NONLINEAR SPRING BEHAVIOR

- For LARGER DISPLACEMENTS, SPRINGS MAY DEVIATE FROM Hooke's LAW.



- EXAMINE HOW NONLINEARITY AFFECTS OSCILLATION FREQUENCY AND AMPLITUDE DECAY.
5.2. DAMPED OSCILLATIONS

- INTRODUCE DAMPING MECHANISMS (E.G./ AIR RESISTANCE, INTERNAL FRICTION) TO STUDY REAL-WORLD DAMPING EFFECTS.
- ANALYZE DECAY OF AMPLITUDE OVER TIME AND CALCULATE THE DAMPING COEFFICIENT.

5.3. CoupLED OSCILLATIONS

- ATTACH MULTIPLE SPRINGS TO THE PUCK TO EXPLORE COUPLED HARMONIC MOTION.
- STUDY PHENOMENA LIKE BEATS OR NORMAL MODES.

5.4. VERTICAL SPRING OSCILLATIONS

- ALTER THE SETUP TO INCLUDE VERTICAL MOTION, INCORPORATING GRAVITY INTO THE ANALYSIS.
- INVESTIGATE THE DIFFERENCES BETWEEN VERTICAL AND HORIZONTAL OSCILLATIONS.

6. REAL-\W ORLD APPLICATIONS AND EDUCATIONAL SIGNIFICANCE
THIS MODIFIED SETUP OFFERS A TANGIBLE DEMONSTRATION OF FUNDAMENTAL PHYSICS PRINCIPLES:

- UNDERSTANDING ELASTIC FORCES AND HOOKE'S LAW.

- STUDYING SIMPLE HARMONIC MOTION AND ITS PROPERTIES.

- ANALYZING ENERGY TRANSFER IN OSCILLATORY SYSTEMS.

- DEVELOPING EXPERIMENTAL SKILLS IN MEASUREMENT AND DATA ANALYSIS.

IT ALSO SERVES AS A PROTOTYPE FOR MORE COMPLEX SYSTEMS LIKE VEHICLE SUSPENSION, SEISMOLOGY MODELS, OR
MOLECULAR VIBRATIONS, ILLUSTRATING HOW FUNDAMENTAL PHYSICS CONCEPTS UNDERPIN VARIOUS ENGINEERING AND SCIENTIFIC
APPLICATIONS.

CONCLUSION

REPLACING THE STRING WITH A SPRING ATTACHED TO A PUCK ON AN AIR TABLE TRANSFORMS A SIMPLE OSCILLATION EXPERIMENT
INTO A RICH EXPLORATION OF ELASTIC DYNAMICS AND HARMONIC MOTION. THROUGH CAREFUL SETUP, MEASUREMENT, AND
ANALYSIS, THIS SCENARIO ILLUMINATES THE CORE PRINCIPLES GOVERNING OSCILLATORY SYSTEMS, PROVIDING BOTH
EDUCATIONAL VALUE AND PRACTICAL INSIGHT INTO THE BEHAVIOR OF ELASTIC MATERIALS AND FORCES. W/HETHER USED IN
CLASSROOM DEMONSTRATIONS OR RESEARCH PROTOTYPES, THIS MODIFICATION UNDERSCORES THE VERSATILITY AND DEPTH OF
CLASSICAL MECHANICS, INSPIRING FURTHER INQUIRY INTO THE FASCINATING WORLD OF OSCILLATIONS.
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