CONSERVATION OF ENERGY PRACTICE PROBLEMS

CONSERVATION OF ENERGY PRACTICE PROBLEMS ARE ESSENTIAL FOR UNDERSTANDING THE FUNDAMENTAL PRINCIPLES OF PHYSICS.
THE LAW OF CONSERVATION OF ENERGY STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFORMED FROM
ONE FORM TO ANOTHER. THIS PRINCIPLE UNDERLIES MANY AREAS OF PHYSICS, INCLUDING MECHANICS, THERMODYNAMICS, AND
ELECTROMAGNETISM. PRACTICING PROBLEMS RELATED TO ENERGY CONSERVATION NOT ONLY ENHANCES PROBLEM-SOLVING SKILLS
BUT ALSO DEEPENS COMPREHENSION OF ENERGY INTERACTIONS IN VARIOUS SYSTEMS. IN THIS ARTICLE, WE WILL EXPLORE THE
CONCEPT OF ENERGY CONSERVATION, PRESENT VARIOUS TYPES OF PRACTICE PROBLEMS, AND PROVIDE SOLUTIONS AND
EXPLANATIONS TO SOLIDIFY YOUR UNDERSTANDING.

UNDERSTANDING THE CONSERVATION OF ENERGY

WHAT IS ENERGY?

ENERGY IS DEFINED AS THE CAPACITY TO DO WORK. |T EXISTS IN VARIOUS FORMS, INCLUDING:

- KINETIC ENERGY: THE ENERGY OF MOTION, CALCULATED AS \( KE = \rRAc{1}{23Mv"2 \), wHere \( M \) i1s Mass anp \( v
\) Is VELocITY.

- POTENTIAL ENERGY: THE ENERGY STORED IN AN OBJECT DUE TO ITS POSITION OR CONFIGURATION. FOR GRAVITATIONAL
POTENTIAL ENERGY, THE FORMULA 1S \( PE = McH \), wrere \( G \) IS THE ACCELERATION DUE TO GRAVITY AND \(H \) IS
HEIGHT ABOVE A REFERENCE POINT.

- THERMAL ENERGY: THE INTERNAL ENERGY OF AN OBJECT DUE TO THE KINETIC ENERGY OF ITS MOLECULES.

- CHEMICAL ENERGY: THE ENERGY STORED IN THE BONDS OF CHEMICAL COMPOUNDS.

- ELECTRICAL ENERGY: THE ENERGY DUE TO THE MOVEMENT OF ELECTRONS.

THe LAW oF CONSERVATION OF ENERGY

THE LAW OF CONSERVATION OF ENERGY STATES THAT THE TOTAL ENERGY OF AN ISOLATED SYSTEM REMAINS CONSTANT. THIS
MEANS THAT ENERGY CAN CHANGE FORMS, BUT THE TOTAL AMOUNT OF ENERGY BEFORE AND AFTER A PROCESS REMAINS THE
SAME. MATHEMATICALLY, THIS CAN BE REPRESENTED AS:

\[
E_{\text{nmaL}} = E_{\texT{rnAL}}

\]

THIS PRINCIPLE IS FOUNDATIONAL IN SOLVING ENERGY-RELATED PROBLEMS ACROSS DIFFERENT CONTEXTS.

TypPes oF CONSERVATION OF ENERGY PROBLEMS

THERE ARE SEVERAL TYPES OF PRACTICE PROBLEMS THAT CAN BE FORMULATED BASED ON THE LAW OF CONSERVATION OF
ENERGY. HERE ARE SOME COMMON CATEGORIES:

1. MECHANICAL ENERGY PROBLEMS

2. THERMODYNAMIC ENERGY PROBLEMS
3. ELECTRICAL ENERGY PROBLEMS

4. ENERGY TRANSFORMATION PROBLEMS



MECHANICAL ENERGY PROBLEMS

MECHANICAL ENERGY PROBLEMS TYPICALLY INVOLVE THE CONVERSION BETWEEN KINETIC AND POTENTIAL ENERGY. HERE ARE A
COUPLE OF PRACTICE PROBLEMS:

ProOBLEM 1: A 5 KG OBJECT IS DROPPED FROM A HEIGHT OF 20 METERS. CALCULATE THE SPEED OF THE OBJECT JUST BEFORE IT
HITS THE GROUND.

SOLUTION:

- INITIAL POTENTIAL ENERGY (PE) AT HeiGHT \(H \):

\[
PE =MceH =5 \TiMes 9.8 1 \1iMes 20 = 981\, \text{J}

\]

- AT THE GROUND, ALL POTENTIAL ENERGY IS CONVERTED TO KINETIC ENERGY (KE)

\[
KE = PE
\]

- USING THE KINETIC ENERGY FORMULA:

\[

KE = \rrac{13}{23Mv"2

\]

\[

981 = \rrac{13}{2} \TiMes 5 \TIMeS V"2

\]

SoLving For \( v \):

\[
981 =2.5v"2 \iImpLies V"2 = \FrRAC{981}{2.5} = 392.4 \impLIES Vv \APPROX 19.8 \, \TEXT{M/S}

\]

PROBLEM 2: A ROLLER COASTER CAR OF MASS 600 KG STARTS FROM REST AT A HEIGHT oF 50 METERS. CALCULATE ITS
VELOCITY AT THE LOWEST POINT OF THE TRACK.

SOLUTION:

- INITIAL POTENTIAL ENERGY AT HEIGHT \( H \):

\[

PE = McH = 600 \TiMes 9.8 1 \1iMes 50 = 294300 \, \text{J}
\]

- AT THE LOWEST POINT, ALL POTENTIAL ENERGY IS CONVERTED TO KINETIC ENERGY:
\[

KE =PE=294300 \, \Tex7{J}

\]

- SETTING THE KINETIC ENERGY FORMULA:

\[

294300 = \rrAc{ 13{23 \TiMes 600 \TiMes v"2

\]

SoLving For \( v \):

\[
294300 = 300v"2 \iMpLIES V"2 = \FRAC{294300}{300} = 981 \impLies v \apPrOX 31.3 \, \TexT{Mm/s}

\]



THERMODYNAMIC ENERGY PROBLEMS

THERMODYNAMIC PROBLEMS OFTEN INVOLVE HEAT TRANSFER AND ENERGY CONSERVATION IN THERMAL SYSTEMS.

ProBLEM 3: A 1 kG BLock ofF METAL AT 100°C I1s pLACED IN 0.5 kG oF WATER AT 20°C. ASSUMING NO HEAT LOSS TO THE
ENVIRONMENT, CALCULATE THE FINAL TEMPERATURE OF THE SYSTEM.

SOLUTION:
- USE THE PRINCIPLE OF CONSERVATION OF ENERGY:
- LeT \( T_F \) BE THE FINAL TEMPERATURE. THE HEAT LOST BY THE METAL EQUALS THE HEAT GAINED BY THE WATER:

M_{\TexT{MeTaL}}c {\TexT{MeTALINT 1-T_F) =m_{\text{waTer}}c_{\TexT{waTer}}(T F-T_ 1)

\]

- Assuming \( c_{\TexT{meTAL}} \arProx 0.5 \, \TexT{J/c°C} \) ano \( c_{\texT{waTer}} = 4.18 \, \Tex7{J/c°C}
\):

- CONVERT MASSES TO GRAMS:
-\(Cm_{\rext{meTAaL}} = 1000 \, \tex7{c}, M_{\texT{wAaTer}} = 500 \, \tex7{c} \)

- PLUGGING IN VALUES:

\[
1000 \7iMes 0.5 \1iMes (100 - T_r) = 500 \1imes 4.18 \7iMes (T_F - 20)

\]

SIMPLIFYING AND SOLVING FOR \( T_F \):

\[
5000100 - T_F) = 2090(T_r - 20)
\]

\[
50000 - 500T_r = 2090T_r - 41800

\]
\[
50000 + 41800 = 2090T_r + 500T _f
\]
\[

91800 =2590T_r \iMmpLIES T_F \APPrOX 35.4°C
\]

ELecTrRICAL ENERGY PROBLEMS

ELECTRICAL ENERGY PROBLEMS INVOLVE THE CONVERSION OF ELECTRICAL ENERGY INTO OTHER FORMS.

PROBLEM 4: A LIGHT BULB OPERATES AT 60 W FOR 2 HOURS. CALCULATE THE TOTAL ENERGY CONSUMED BY THE BULB.
SoLUTION:

- THE ENERGY CONSUMED BY THE BULB CAN BE CALCULATED AS:

\[

E=P\TiMes T

\]



\WHere \( E \) I1s enerGY INJouLes, \( P \) is Power IN WATTS, aND \( T \) IS TIME IN SECONDS.

- CONVERT HOURS TO SECONDS:

\[

T=2\TiMes 3600 = 7200 \, \texT{s}

\]

- CALCULATE ENERGY:

\[

E=060\TiMes 7200 = 432000 \, \1ext{J} \Text{ or } 432 \, \TexT{x/}
\]

ENERGY TRANSFORMATION PROBLEMS

THESE PROBLEMS ILLUSTRATE HOW ENERGY CHANGES FROM ONE FORM TO ANOTHER IN VARIOUS PROCESSES.

PrOBLEM 5: A PENDULUM BOB OF MASS (0.5 KG IS RELEASED FROM A HEIGHT OF 1 M. CALCULATE THE SPEED OF THE BOB AT THE
LOWEST POINT OF ITS SWING.

SOLUTION:

- INITIAL POTENTIAL ENERGY:

\[

PE=meH=0.5 \TiMes 9.81 \TiMes 1 =4.905 \, \tex1{J}

\]

- AT THE LOWEST POINT, ALL POTENTIAL ENERGY CONVERTS TO KINETIC ENERGY:
\[

KE = PE \impLies \Frrac{ TH2IMv"2 = 4.905

\]

SoLving For \( v \):

\[

4.905 = \rrac{13{23 \TiMes 0.5 \TiMes v*2 \iMpLIES V"2 = \FrAC{4.905}{0.25} = 19.62 \iMpLIES v \APPROX 4.43
\, \texTt{m/s}

\]

CONCLUSION

UNDERST ANDING THE CONSERVATION OF ENERGY PRACTICE PROBLEMS ALLOWS STUDENTS AND PROFESSIONALS ALIKE TO GRASP
ONE OF THE MOST FUNDAMENTAL PRINCIPLES OF PHYSICS. THROUGH VARIOUS SCENARIOS—RANGING FROM MECHANICAL SYSTEMS
TO THERMODYNAMIC PROCESSES AND ELECTRICAL APPLICATIONS—ENERGY CONSERVATION IS A VERSATILE TOOL FOR
ANALYZING PHYSICAL PHENOMENA. BY SOLVING PRACTICE PROBLEMS, ONE CAN DEVELOP A DEEPER UNDERSTANDING OF HOW
ENERGY TRANSFORMS AND PRESERVES THROUGHOUT VARIOUS PROCESSES, FURTHER ENRICHING THE STUDY AND APPLICATION OF
PHYSICS IN REAL-WORLD CONTEXTS. REGULAR PRACTICE WITH THESE TYPES OF PROBLEMS CAN SIGNIFICANTLY ENHANCE
ANALYTICAL SKILLS AND FOSTER A GREATER APPRECIATION FOR THE UNDERLYING PRINCIPLES GOVERNING THE PHYSICAL \WORLD.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE PRINCIPLE OF CONSERVATION OF ENERGY?

THE PRINCIPLE OF CONSERVATION OF ENERGY STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFORMED



FROM ONE FORM TO ANOTHER.

How DO YOU CALCULATE THE TOTAL MECHANICAL ENERGY IN A SYSTEM?

TOTAL MECHANICAL ENERGY IS CALCULATED BY SUMMING THE KINETIC ENERGY (KE = 1/2 Mv"2) AND POTENTIAL ENERGY (PE =
MGH) OF THE SYSTEM.

IN A CLOSED SYSTEM , IF THE POTENTIAL ENERGY DECREASES, WHAT HAPPENS TO THE
KINETIC ENERGY?

IN A CLOSED SYSTEM, IF THE POTENTIAL ENERGY DECREASES, THE KINETIC ENERGY MUST INCREASE BY THE SAME AMOUNT TO
CONSERVE TOTAL ENERGY.

How CAN YOU APPLY THE CONSERVATION OF ENERGY TO A ROLLER COASTER?

AS A ROLLER COASTER ASCENDS, ITS KINETIC ENERGY IS CONVERTED INTO POTENTIAL ENERGY. As T DESCENDS, POTENTIAL
ENERGY IS CONVERTED BACK INTO KINETIC ENERGY, DEMONSTRATING ENERGY CONSERVATION.

\W/HAT IS AN EXAMPLE OF ENERGY TRANSFORMATION IN A PENDULUM?

IN A PENDULUM, ENERGY TRANSFORMS FROM KINETIC ENERGY AT THE LOWEST POINT TO POTENTIAL ENERGY AT THE HIGHEST
POINTS OF ITS SWING, EXEMPLIFYING ENERGY CONSERVATION.

IF A CAR TRAVELS DOWNHILL AND ACCELERATES, HOW DOES CONSERVATION OF ENERGY
APPLY?

AS THE CAR TRAVELS DOWNHILL, GRAVITATIONAL POTENTIAL ENERGY IS CONVERTED INTO KINETIC ENERGY, INCREASING THE
CAR'S SPEED WHILE CONSERVING TOTAL ENERGY.

IN A CLOSED SYSTEM WITH FRICTION , HOW DOES ENERGY CONSERVATION WORK?P

IN A CLOSED SYSTEM WITH FRICTION, MECHANICAL ENERGY IS CONVERTED INTO THERMAL ENERGY DUE TO FRICTION, BUT THE
TOTAL ENERGY REMAINS CONSTANT.

How DO YOU SOLVE A PROBLEM INVOLVING A FALLING OBJECT USING CONSERVATION
OF ENERGY?

TO SOLVE A PROBLEM INVOLVING A FALLING OBJECT, EQUATE THE INITIAL POTENTIAL ENERGY (MGH) TO THE KINETIC ENERGY
(1/2 Mv"2) AT THE POINT OF INTEREST, AND SOLVE FOR THE DESIRED VARIABLE.

\WHAT ROLE DOES WORK PLAY IN THE CONSERVATION OF ENERGY?

X/ ORK DONE ON OR BY A SYSTEM CAN CHANGE THE ENERGY OF THAT SYSTEM; HOWEVER, THE TOTAL ENERGY IN AN ISOLATED
SYSTEM REMAINS CONSTANT AS PER THE CONSERVATION OF ENERGY PRINCIPLE.

How CAN CONSERVATION OF ENERGY BE APPLIED TO ELECTRICAL CIRCUITS?

IN ELECTRICAL CIRCUITS, THE CONSERVATION OF ENERGY PRINCIPLE STATES THAT THE TOTAL ENERGY SUPPLIED BY THE SOURCE
IS EQUAL TO THE TOTAL ENERGY USED BY THE COMPONENTS IN THE CIRCUIT.
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