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NEED HELP ASSAP A TeaM Or STUDeNTS BuiLbs A LEver As A ScieNce PRoJecT. THeY Expeno 10,300 JouLes OF
EFFORT AND INGENUITY TO DEMONSTRATE FUNDAMENTAL PRINCIPLES OF PHYSICS THROUGH THEIR INNOVATIVE PROJECT. THIS
TEAM, COMPOSED OF MOTIVATED STUDENTS, EMBARKED ON A JOURNEY TO CONSTRUCT A FUNCTIONAL LEVER THAT NOT ONLY
ILLUSTRATES THE MECHANICS BEHIND SIMPLE MACHINES BUT ALSO EMPHASIZES THE IMPORTANCE OF ENERGY TRANSFER, FORCE,
AND MECHANICAL ADVANTAGE. THEIR PROJECT SERVES AS A PRACTICAL APPLICATION OF PHYSICS CONCEPTS TAUGHT IN
CLASSROOMS, TRANSFORMING THEORETICAL KNOWLEDGE INTO TANGIBLE DEMONSTRATION.

UNDERSTANDING THE SCIENCE BEHIND LEVERS

WHAT Is A LEVER?

A LEVER IS A SIMPLE MACHINE THAT AMPLIFIES AN INPUT FORCE TO LIFT OR MOVE LOADS WITH LESS EFFORT. |T CONSISTS OF A
RIGID BEAM OR BAR THAT PIVOTS AROUND A FIXED POINT CALLED THE FULCRUM. THE PRIMARY GOAL OF A LEVER IS TO GAIN A
MECHANICAL ADVANTAGE, ALLOWING USERS TO EXERT LESS FORCE TO ACCOMPLISH \WORK.

CoMPONENTS OF A LEVER

- FULCRUM: THE PIVOT POINT AROUND WHICH THE LEVER ROTATES.

- EFForT (INPUT FORCE): THE FORCE APPLIED TO MOVE THE LEVER.

- Loap (RESISTANCE): THE OBJECT OR WEIGHT BEING MOVED OR LIFTED.

- LEVER ARM: THE LENGTH FROM THE FULCRUM TO THE POINT WHERE EFFORT OR LOAD IS APPLIED.

TyPes oF LEVERS

LEVERS ARE CLASSIFIED INTO THREE TYPES BASED ON THE RELATIVE POSITIONS OF EFFORT, LOAD, AND FULCRUM:

1. FIRsT-CLASS LEVERS — FULCRUM IS BETWEEN EFFORT AND LOAD (E.G., SEESAW, CROWBAR).
2. Seconp-CLASS LEVERS — LOAD IS BETWEEN EFFORT AND FULCRUM (E.G., WHEELBARROW ).

3. THIRD-CLASS LEVERS — EFFORT IS APPLIED BETWEEN THE LOAD AND FULCRUM (E.G., TWEEZERS, BROOM).

PLANNING THE SCIENCE PROJECT

OBJECTIVES OF THE PROJECT

THE MAIN OBJECTIVES FOR THE STUDENTS' PROJECT WERE TO:
- CONSTRUCT A FUNCTIONAL LEVER DEMONSTRATING MECHANICAL ADVANTAGE.



- CALCULATE THE ENERGY INVOLVED IN LIFTING A LOAD.
- UNDERSTAND THE RELATIONSHIP BETWEEN EFFORT, LOAD, AND ENERGY EXPENDITURE.
- SHOWCASE THE PRACTICAL APPLICATION OF PHYSICS PRINCIPLES.

MATERIALS REQUIRED

THE TEAM GATHERED VARIOUS MATERIALS, INCLUDING!

- A STURDY WOODEN OR METAL BEAM FOR THE LEVER.

-A FULCRUM, SUCH AS A BLOCK OR A PIVOT STAND.

- WEIGHTS OR OBJECTS TO SERVE AS LOADS.

- EFFORT TOOLS LIKE A PULLEY SYSTEM OR FORCEPS.

- MEASUREMENT DEVICES (RULER/ PROTRACTOR).

- A WAY TO MEASURE ENERGY, SUCH AS A JOULE METER OR CALCULATIONS BASED ON FORCE AND DISTANCE.

DESIGNING THE LEVER

THE STUDENTS OPTED FOR A FIRST-CLASS LEVER FOR VERSATILITY AND SIMPLICITY. THEIR DESIGN INVOLVED:
- SELECTING A BEAM APPROXIMATELY 1.5 METERS LONG FOR ADEQUATE LEVERAGE.

- ATTACHING THE FULCRUM NEAR ONE END TO CREATE A LONG EFFORT ARM AND A SHORTER LOAD ARM.

- ENSURING THE BEAM IS BALANCED AND CAPABLE OF PIVOTING SMOOTHLY.

- INCORPORATING MEASUREMENT POINTS TO RECORD EFFORT DISTANCE AND LOAD MOVEMENT.

EXECUTING THE PROJECT: BUILDING AND TESTING

CONSTRUCTING THE LEVER

THE STUDENTS ASSEMBLED THEIR LEVER FOLLOWING THESE STEPS:

- SECURED THE FULCRUM ON A STABLE SURFACE.

- PLACED THE BEAM ON THE FULCRUM, VERIFYING BALANCE.

- ATTACHED WEIGHTS TO THE LOAD SIDE.

- PREPARED EFFORT APPLICATION POINTS, SUCH AS USING A PULLEY OR MANUAL FORCE.

PERFORMING THE EXPERIMENTS

THE TEAM CONDUCTED MULTIPLE TRIALS TO MEASURE:

- THE FORCE REQUIRED TO LIFT OR MOVE THE LOAD.

- THE DISTANCE OVER WHICH EFFORT WAS APPLIED.

- THE HEIGHT THE LOAD WAS LIFTED.

- THE ENERGY EXPENDITURE CALCULATED FROM FORCE AND DISTANCE.

THEY RECORDED DATA METICULOUSLY TO ANALYZE THE EFFICIENCY AND MECHANICAL ADVANTAGE OF THEIR LEVER.

ENERGY CALCULATIONS

THE CORE OF THE PROJECT INVOLVED CALCULATING THE ENERGY EXPENDED DURING THE EFFORT PHASE. THE FUNDAMENTAL
PRINCIPLE USED WAS:

\[
\TexT{Work} (J) = \TexT{Force} (N) \TiMes \TexT{DisTANCE} (M)



\]

IN THEIR TRIALS, THE TEAM NOTED THAT.:

- THE EFFORT FORCE WAS LESS THAN THE LOAD FORCE, DEMONSTRATING MECHANICAL ADVANTAGE.

- THE EFFORT WAS APPLIED OVER A CERTAIN DISTANCE, WHICH WHEN MULTIPLIED BY THE FORCE, YIELDED THE TOTAL ENERGY
EXPENDITURE.

THE TEAM AIMED TO EXPEND APPROXIMATELY ]O,SOOJOULES, WHICH WAS A SUBSTANTIAL AMOUNT TO SHOWCASE THE
ENERGY INVOLVED IN REAL-WORLD APPLICATIONS.

ANALYZING THE RESULTS AND PHYSICS PRINCIPLES

MECHANICAL ADVANTAGE AND EFFICIENCY

THE TEAM OBSERVED THAT:

- THE LEVER PROVIDED A MECHANICAL ADVANTAGE GREATER THAN 1, REDUCING THE EFFORT NEEDED.

- THE EFFICIENCY OF THE LEVER WAS CALCULATED BY COMPARING THE INPUT WORK (EFFORT) AND THE OUTPUT WORK (LOAD
MOVEMENT).

EFFiciENCY FORMULA:

\l

\TexT{Erriciency} (\%) = \rrac{\TexT{Work OuTPUT}{\TEXT{WoORK INPUT}} \TIMES 100

\]

THEY FOUND THAT WHILE SOME ENERGY WAS LOST DUE TO FRICTION, THE SYSTEM WAS HIGHLY EFFECTIVE IN DEMONSTRATING
LEVERAGE PRINCIPLES.

ENERGY EXPENDITURE AND W ORK DONE

BY APPLYING EFFORT OVER A SIGNIFICANT DISTANCE, THE STUDENTS MANAGED TO EXPEND AROUND 10,300 JouLEs. THIS
AMOUNT OF ENERGY IS COMPARABLE TO:

- THE ENERGY REQUIRED TO LIFT A 100 KG OBJECT TO A HEIGHT OF APPROXIMATELY 1 MeTER (sINCE \( \TeExT{PoTENTIAL
EnerGY} = MGH \), witH \( M=100\ kG \), \( 6=9.8\M/s"2 \), \( h=T\M ), WHICH EQUALS ROUGHLY 980 JOULES).

HO\X/EVER, THEIR EFFORT INVOLVED MOVING THE EFFORT POINT OVER A LONGER DISTANCE, THUS ACCUMULATING MORE ENERGY
EXPENDITURE.

UNDERSTANDING ENERGY LOSSES

THE TEAM LEARNED THAT:
- NOT ALL INPUT ENERGY IS TRANSFERRED TO THE LOAD DUE TO FRICTION AND MATERIAL INEFFICIENCIES.
- THE ACTUAL ENERGY EXPENDITURE MIGHT BE HIGHER THAN THE THEORETICAL WORK REQUIRED TO MOVE THE LOAD.

SIGNIFICANCE AND EDUCATIONAL V ALUE OF THE PROJECT



ReINFORCING PHYsIcs CONCEPTS

THIS PROJECT EFFECTIVELY DEMONSTRATED:

- How SIMPLE MACHINES WORK TO REDUCE EFFORT.

- THE RELATIONSHIP BETWEEN FORCE, DISTANCE, AND ENERGY.
- THE CONSERVATION OF ENERGY PRINCIPLE.

PRACTICAL APPLICATIONS

STUDENTS APPRECIATED THAT:
- LEVERS ARE USED IN VARIOUS FIELDS, FROM CONSTRUCTION TO BIOMECHANICS.
- UNDERSTANDING ENERGY EXPENDITURE AIDS IN DESIGNING EFFICIENT MACHINES AND TOOLS.

SKILLS DEVELOPED

THROUGH THIS PROJECT, THE STUDENTS GAINED:

- HANDS-ON EXPERIENCE IN ENGINEERING AND PHYSICS.

- DATA COLLECTION AND ANALYSIS SKILLS.

- TEAMWORK AND PROBLEM-SOLVING ABILITIES.

- ABILITY TO APPLY THEORETICAL KNOWLEDGE TO REAL-WORLD SCENARIOS.

ConNcLusIoN: LEssoNns LEARNED AND FUTURE DIRECTIONS

THE STUDENTS' EFFORT TO BUILD AND ANALYZE A LEVER WITH AN ENERGY EXPENDITURE OF APPROXIMATELY 10,300 JouLes
PROVIDED A COMPREHENSIVE UNDERSTANDING OF SIMPLE MACHINES AND ENERGY PRINCIPLES. THEIR PROJECT SHOWCASED HOW
FUNDAMENTAL PHYSICS CONCEPTS ARE APPLICABLE BEYOND TEXTBOOKS, EMPHASIZING THE IMPORTANCE OF MECHANICAL
ADVANTAGE AND ENERGY CONSERVATION IN EVERYDAY LIFE. MOVING FORWARD, THEY COULD EXPLORE:

- USING DIFFERENT TYPES OF LEVERS FOR COMPARATIVE ANALYSIS.

- INCORPORATING SENSORS FOR MORE PRECISE MEASUREMENTS.

- EXTENDING THE PROJECT TO INCLUDE PULLEYS AND OTHER SIMPLE MACHINES FOR COMBINED MECHANICAL ADVANTAGE.

THIS PROJECT NOT ONLY FULFILLED ACADEMIC OBJECTIVES BUT ALSO IGNITED CURIOSITY AND ENTHUSIASM FOR SCIENCE AND
ENGINEERING AMONG STUDENTS, LAYING A FOUNDATION FOR FUTURE INNOVATIONS AND EXPLORATIONS IN PHYSICS.

NoTe: To ACHIEVE AN EXPENDITURE OF 10,300 JOULES, THE STUDENTS LIKELY APPLIED A FORCE OVER A CONSIDERABLE
DISTANCE, AS PER WORK-ENERGY PRINCIPLES. FOR EDUCATIONAL PURPOSES, SUCH A PROJECT ILLUSTRATES THE REAL-WORLD
RELEVANCE OF PHYSICS LAWS AND ENCOURAGES DEEPER ENGAGEMENT WITH SCIENTIFIC INQUIRY.

FREQUENTLY AskeD QUESTIONS

WHAT IS THE PRIMARY PURPOSE OF BUILDING A LEVER AS A SCIENCE PROJECT?

THE PRIMARY PURPOSE IS TO DEMONSTRATE THE PRINCIPLES OF MECHANICAL ADVANTAGE, SUCH AS HOW LEVERS CAN AMPLIFY
FORCE AND MAKE WORK EASIER.



How DOES THE AMOUNT OF ENERGY USED, LIKE 10,300 JOULES, RELATE TO THE
EFFECTIVENESS OF THE LEVER?

THE ENERGY EXPENDED INDICATES THE WORK DONE BY THE STUDENTS IN MOVING OR LIFTING AN OBJECT, COMPARING ENERGY
INPUT TO OUTPUT HELPS EVALUATE THE LEVER'S EFFICIENCY.

\WHAT ARE SOME COMMON TYPES OF LEVERS THAT STUDENTS MIGHT BUILD FOR THEIR
PROJECT?

STUDENTS OFTEN BUILD FIRST, SECOND, OR THIRD-CLASS LEVERS, SUCH AS SEE-SAWS, CROWBARS, OR TWEEZERS, TO
DEMONSTRATE DIFFERENT MECHANICAL ADVANTAGES.

\W/HY IS UNDERSTANDING ENERGY EXPENDITURE IMPORTANT IN ANALYZING A LEVER'S
PERFORMANCE?P

(UNDERST ANDING ENERGY EXPENDITURE HELPS DETERMINE HOW EFFECTIVELY THE LEVER REDUCES EFFORT AND HOW MUCH ENERGY IS
REQUIRED TO PERFORM A TASK, HIGHLIGHTING ITS PRACTICAL BENEFITS.

WHAT SAFETY PRECAUTIONS SHOULD STUDENTS TAKE WHEN BUILDING AND TESTING A
LEVER FOR THEIR PROJECT?

STUDENTS SHOULD WEAR SAFETY GOGGLES, HANDLE TOOLS CAREFULLY, ENSURE THE LEVER IS STABLE DURING TESTING, AND
AVOID APPLYING EXCESSIVE FORCE TO PREVENT INJURIES.

ADDITIONAL RESOURCES

Sclence ProJECTS

INNOVATIVE STUDENT TEAM BuiLDS A LEVER: HARNESSING 10,300 JoULES OF ENERGY FOR EDUCATIONAL EXCELLENCE

IN THE WORLD OF SCIENCE EDUCATION, HANDS-ON PROJECTS SERVE AS INVALUABLE TOOLS FOR FOSTERING CURIOSITY,
UNDERSTANDING FUNDAMENTAL PRINCIPLES, AND INSPIRING FUTURE SCIENTISTS. AMONG THE CLASSIC EXPERIMENTS THAT
CONTINUE TO CAPTIVATE STUDENTS AND EDUCATORS ALIKE IS THE CONSTRUCTION AND UTILIZATION OF A LEVER. RECENTLY, A
REMARKABLE TEAM OF STUDENTS EMBARKED ON SUCH A JOURNEY, CULMINATING IN A PROJECT THAT NOT ONLY DEMONSTRATED
THE CORE PRINCIPLES OF SIMPLE MACHINES BUT ALSO INVOLVED THE CAREFUL EXPENDITURE OF A SIGNIFICANT AMOUNT OF
ENERGY —SPECIFICALLY, ]O,3OOJOULES. THIS ARTICLE EXPLORES THE INTRICACIES OF THEIR PROJECT, THE UNDERLYING
PHYSICS, AND THE EDUCATIONAL IMPACT, ALL WHILE PROVIDING EXPERT INSIGHTS INTO WHAT MADE THIS ENDEAVOR BOTH
IMPRESSIVE AND INSTRUCTIVE.

UNDERSTANDING THE LEVER: A FUNDAMENTAL SIMPLE MACHINE

THE PHYSICS BEHIND A LEVER

A LEVER IS ONE OF THE OLDEST AND MOST STRAIGHTFORWARD SIMPLE MACHINES, DESIGNED TO AMPLIFY FORCE OR CHANGE THE
DIRECTION OF APPLIED EFFORT. |T OPERATES ON THE PRINCIPLE OF MOMENTS (ALSO KNOWN AS TORQUE), WHICH STATES THAT
FOR A LEVER IN EQUILIBRIUM, THE CLOCKWISE MOMENTS EQUAL THE COUNTERCLOCKWISE MOMENTS:



\[ \TexT{Force} 1 \TimMes \TexT{DisTance} 1 =\TexT{Force} 2 \TiMes \TexT{DisTance} 2 \]
W/ HERE:
- \(\texT{Force} 1\) ano \(\TexT{Force} 2\) ARE THE FORCES APPLIED ON EITHER SIDE OF THE FULCRUM.

- \(\texT{DisTance} 1\) ano \(\TexT{DisTANCE} 2\) ARE THE DISTANCES FROM THE FULCRUM TO THE POINTS OF EFFORT
AND LOAD, RESPECTIVELY.

IN PRACTICAL TERMS, THIS MEANS THAT A SMALL EFFORT APPLIED AT A LONGER DISTANCE FROM THE FULCRUM CAN LIFT A
HEAVIER LOAD CLOSER TO THE FULCRUM WITH LESS EFFORT.

TyPes oF LEVERS

LEVERS ARE CLASSIFIED INTO THREE TYPES BASED ON THE RELATIVE POSITIONS OF LOAD, EFFORT, AND FULCRUM:
1. FirsT-CLASS LEVERS

- FULCRUM POSITIONED BETWEEN EFFORT AND LOAD.

- EXAMPLE: SEESAW, CROWBAR.

- ADVANTAGE: CAN MULTIPLY FORCE OR CHANGE DIRECTION.
2. Seconp-CLASS LEVERS

- LOAD POSITIONED BETWEEN EFFORT AND FULCRUM.

- ExAMPLE: NUTCRACKER, WHEELBARROW.

- ADVANTAGE: ALWAYS MULTIPLY FORCE.

3. THIRD-CLASS LEVERS

- EFFORT APPLIED BETWEEN FULCRUM AND LOAD.

- EXAMPLE: T WEEZERS, BROOM.

- ADVANTAGE: INCREASE SPEED AND RANGE OF MOTION.

THE STUDENT TEAM’S PROJECT PRIMARILY INVOLVED CONSTRUCTING A FIRST-CLASS LEVER TO DEMONSTRATE FORCE
MULTIPLICATION AND MECHANICAL ADVANTAGE.

DEeSIGNING THE PROJECT: FROM CoNCEPT TO CONSTRUCTION

SETTING OBJECTIVES AND PLANNING

THE STUDENTS AIMED TO BUILD A FUNCTIONAL LEVER CAPABLE OF LIFTING A SIGNIFICANT LOAD, THEREBY DEMONSTRATING THE
CONVERSION OF INPUT EFFORT INTO POTENTIAL ENERGY STORED IN THE LIFTED MASS. THEY SET CLEAR GOALS:

- USE READILY AVAILABLE MATERIALS TO CONSTRUCT A STURDY LEVER.
- INCORPORATE A FULCRUM THAT ALLOWS ADJUSTABLE LEVERAGE RATIOS.
- EXPEND A SUBSTANTIAL AMOUNT OF ENERGY (10,300 JOULES) TO LIFT A LOAD.

- MEASURE AND ANALYZE THE ENERGY TRANSFER AND MECHANICAL ADVANTAGE.



MATERIALS AND COMPONENTS

THE TEAM SELECTED MATERIALS EMPHASIZING DURABILITY, SAFETY, AND ACCESSIBILITY:

- LEVER ARM: A STRONG, LIGHTWEIGHT METAL ROD (E.G., ALUMINUM OR STEEL PIPE).

- FULCRUM: A PIVOT POINT MADE FROM A SOLID BLOCK OR A ADJUSTABLE SUPPORT PLATFORM.
- LoAD: A STACK OF WEIGHTS OR A MASS CONTAINER (E.G., SANDBAGS, METAL \X/EIGHTS).

- EFFORT APPLICATION: PULLEY SYSTEM OR DIRECT MANUAL EFFORT, DEPENDING ON THE DESIGN.

- MEASURING INSTRUMENTS: FORCE SENSORS, DISTANCE RULERS, AND ENERGY METERS.

CONSTRUCTION STEPS

1. ASSEMBLING THE LEVER:
SECURELY ATTACH THE METAL ROD TO THE FULCRUM, ENSURING IT CAN PIVOT FREELY.

2. ADJUSTING THE FULCRUM:
POSITION THE FULCRUM AT VARIOUS POINTS ALONG THE LEVER TO TEST DIFFERENT LEVERAGE RATIOS.

3. ATTACHING THE LoAD:
PLACE THE LOAD AT ONE END, ENSURING IT’S SECURED AND BALANCED.

4. APPLYING EFFORT:
SET UP A SYSTEM FOR APPLYING EFFORT, SUCH AS PULLING A ROPE OVER A PULLEY OR MANUAL FORCE.

5. CALIBRATION AND TESTING:
MEASURE THE EFFORT REQUIRED TO LIFT THE LOAD OVER SPECIFIED DISTANCES AND RECORD DATA.

ENERGY CALCULATION AND MEASUREMENT

UNDERSTANDING THE ENERGY EXPENDITURE

THE CORE OF THE PROJECT INVOLVES THE EXPENDITURE OF 10,300 JOULES OF ENERGY. TO CONTEXTUALIZE THIS:
- JouLe (J): THE S| UNIT OF ENERGY, WHERE 1 JOULE EQUALS 1 NEwTON-METER (NM).

- ENERGY IN LIFTING: W/HEN LIFTING A LOAD, POTENTIAL ENERGY GAINED IS CALCULATED AS:

\[

PE = M \TIMes G \TIMES H
\]

¥/ HERE:

- \(M\) = MAss oF THE LoaD (kG)

-\(G\) = ACCELERATION DUE TO GRAVITY (~9.81 M/s?)



- \(H\) = HEIGHT LIFTED (METERS)

THE TEAM DESIGNED THEIR EXPERIMENT SO THAT THE EFFORT EXERTED WOULD SUM UP TO OR EXCEED -|O,3OOJOULES TO LIFT
THE LOAD TO A SPECIFIC HEIGHT.

CALCULATING THE LOAD AND HEIGHT

SUPPOSE THEY USED A LOAD oF 50 kaG:

\[
PE = 50\, \text{kc} \TiMes 9.8 1\, \texT{m/s}"2 \TiMeES H
\]

To expenp 10,300 JouLes:

\[
H=\rrac{10,3003}{50 \TiMes 9.8 1} \aprrox \FRAC{10,3003}{490.5} \arprox 21\, \TExT{METERS}
\]

THIS INDICATES THAT LIFTING A 50 KG LOAD TO A HEIGHT OF APPROXIMATELY 2 1 METERS WOULD REQUIRE ABouT 10,300
JouLEs oF woRrk, ASSUMING 1009% EFFICIENCY.

HO\WEVER, IN PRACTICAL SCENARIOS, EFFICIENCY LOSSES DUE TO FRICTION AND MATERIAL DEFORMATION MEAN THE EFFORT

EXERTED WOULD NEED TO BE HIGHER. THE STUDENTS ACCOUNTED FOR THIS BY MEASURING ACTUAL EFFORT AND ENERGY
TRANSFER.

MEASURING EFFORT AND ENERGY IN PRACTICE

THE TEAM USED FORCE SENSORS AND VIDEO ANALYSIS TO:
- RECORD THE ACTUAL FORCE APPLIED DURING EFFORT.
- MEASURE THE DISTANCE OVER WHICH EFFORT WAS APPLIED.

- CALCULATE THE WORK DONE USING:

\[

W =F \TiMes D
\]

\W/ HERE:

- \(F\) = AVERAGE EFFORT FORCE
- \(p\) = DISTANCE OVER WHICH FORCE WAS APPLIED

BY INTEGRATING FORCE OVER THE EFFORT DISTANCE AND CONSIDERING ENERGY LOSSES, THEY APPROXIMATED THE TOTAL ENERGY
EXPENDITURE, CONFIRMING WHETHER IT ALIGNED WITH THEIR TARGET OF ]O,3OOJOULES.



EDUCATIONAL SIGNIFICANCE AND INSIGHTS

DEMONSTRATING MECHANICAL ADVANTAGE

ONE OF THE KEY EDUCATIONAL TAKEAWAYS WAS UNDERSTANDING MECHANICAL ADVANTAGE (MA)I DEFINED AS:

\[
MA = \rrac{\TexT{LoAD Force}}{\TexT{ErForT Force}} = \rrac{\TexT{ErForT DisTANCE}}{\TEXT{LOAD DisTANCE}}

\]

BY ADJUSTING THE FULCRUM POSITION, STUDENTS COULD OBSERVE HOW THE MA AFFECTS EFFORT REQUIRED AND ENERGY
EXPENDITURE. FOR EXAMPLE:

- MOVING THE FULCRUM CLOSER TO THE LOAD INCREASES MA, REDUCING EFFORT BUT REQUIRING A LONGER EFFORT DISTANCE.

- CONVERSELY/ PLACING THE FULCRUM FARTHER FROM THE LOAD DECREASES MA, INCREASING EFFORT BUT REDUCING EFFORT
DISTANCE.

THIS PRACTICAL DEMONSTRATION REINFORCES THEORETICAL CONCEPTS.

ENERGY CONSERVATION AND EFFICIENCY

THE PROJECT ALSO HIGHLIGHTED THE PRINCIPLE OF ENERGY CONSERVATION:
-IN AN IDEAL, FRICTIONLESS SYSTEM, THE ENERGY EXERTED EQUALS THE POTENTIAL ENERGY GAINED BY THE LOAD.
- REAL SYSTEMS INVOLVE LOSSES, MAKING ACTUAL EFFORT HIGHER THAN THEORETICAL CALCULATIONS.

STUDENTS LEARNED TO QUANTIFY EFFICIENCY:

\[
\TexT{EFFiciencY} = \rrac{\TExT{UseruL work ouTPUT}}{\TEXT{TOTAL ENerRGY INPUT}} \TIMES 100\%

\]

BY MEASURING ACTUAL ENERGY EXPENDITURE VERSUS THE THEORETICAL MINIMUM, THEY GAINED INSIGHTS INTO REAL-WORLD
MECHANICAL SYSTEMS.

SKILLS AND SCIENTIFIC INQUIRY

Bevonp PHYSICS, THE PROJECT FOSTERED:

- TEAMWORK AND COLLABORATION: COORDINATING MATERIALS, MEASUREMENTS, AND ANALYSIS.
- PROBLEM-SOLVING: ADJUSTING LEVER DESIGN FOR OPTIMAL ENERGY USE.

- DATA ANALYSIS: INTERPRETING FORCE AND ENERGY MEASUREMENTS.

- CRITICAL THINKING: UNDERSTANDING LIMITATIONS DUE TO FRICTION AND MATERIAL PROPERTIES.



CoNCLUDING REMARKS: THE IMPACT OF THE PROJECT

THE STUDENT TEAM'S AMBITIOUS PROJECT OF BUILDING A LEVER THAT EXPENDS 1 O,SOOJOULES OF ENERGY TO LIFT A LOAD
EXEMPLIFIES THE POWER OF EXPERIENTIAL LEARNING. NOT ONLY DID THEY DEMONSTRATE THE FUNDAMENTAL PHYSICS OF SIMPLE
MACHINES, BUT THEY ALSO ENGAGED WITH ENERGY CONCEPTS, EFFICIENCY, AND MECHANICAL ADVANTAGE IN A TANGIBLE WAY.
THEIR APPROACH UNDERSCORES SEVERAL PEDAGOGICAL STRENGTHS:

- APPLYING THEORETICAL KNOWLEDGE IN A REAL-WORLD CONTEXT.

- USING MEASUREMENT TOOLS TO QUANTIFY ABSTRACT CONCEPTS.

- APPRECIATING THE IMPORTANCE OF DESIGN, PRECISION, AND ANALYSIS.

MOREOVER, THE PROJECT SERVES AS AN INSPIRING MODEL FOR SCIENCE EDUCATORS SEEKING TO MOTIVATE STUDENTS THROUGH
HANDS-ON EXPERIMENTATION. |T REINFORCES THAT EVEN AGE-OLD DEVICES LIKE THE LEVER REMAIN VITAL EDUCATIONAL TOOLS,
CAPABLE OF ILLUSTRATING COMPLEX PRINCIPLES IN AN ACCESSIBLE, ENGAGING MANNER.

IN SUMMARY, THIS PROJECT STANDS OUT AS A TESTAMENT TO HOW STUDENT INGENUITY, COMBINED WITH FUNDAMENTAL

PHYSICS, CAN CREATE MEANINGFUL AND INSIGHTFUL EDUCATIONAL EXPERIENCES. THE CAREFUL EXPENDITURE OF
ENERGY— 10,300 JOULES—BECOMES A GATEWAY FOR
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