Chapter 6
Work and Energy

CHAPTER 6

Short Questions

1. A car is moving with a constant speed along a straight road. Is there any work done on the
car?
e Answer: No, there is no work done on the car because work is done only when a force is
applied and it causes a displacement in the direction of the force. Since the car is moving at a
constant speed, there is no change in its kinetic energy, and hence no net werk is done.
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2. Does the work done in ra|smg a box up \a* buﬂdmgfxiepénd (Jpon how fast it is raised up?

Through which path? To hg\& mlfch hel‘gh\t
e Answer: \\”\“ L 8 \\ ) -
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\s“\ LI'he work done in raising a box does not depend on how fast it is raised.

o It depends on the path taken (only if there are frictional forces involved).

o The work depends directly on the height the box is lifted, as work is equal to the
product of the weight of the box (force) and the height (displacement).

3. Work done on the body either speeds it up or slows it down. Keeping this in mind, explain
how much work is done by centripetal force on an orbiting satellite?
« Answer: The work done by a centripetal force on an orbiting satellite is zero because the

centripetal force acts perpendicular to the direction of the satellite's motion. Since there is
no displacement in the direction of the force, no work is done.
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4. A car has kinetic energy EKE_kEk. By what fact\or fcs klnaﬁcxene&‘g\? would change if its
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velocity is doubled? . '\ \/7\ WU W\~
e Answer: Kinetic eneré\y(EkE kEk f'ls--gu),en bytﬁe formula: Ek= 12mv2E_k = \frac{1}{2} m
vA2Ek= 21mv2 If the veloértv is'doubled (2v2v2v), the kinetic energy becomes:
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Ek’'=12m(2v)2=4x12mv2E_k' =\frac{1{2} m (2v)*2 =4 \times \fpac{l}{Z} rﬁ "25](;21
m(2v)2=4x21mv2 So, the kinetic energy mcreases by afaétpn o( 4“ ¢ g
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5. Abullet s fired from a gun bUlIet pﬁnetrates into a sand wall and it stops. Where does its

kinetic energy, get| l]lﬁeﬁ?
. Answbr. The kinetic energy of the bullet is converted into:

o Heat energy due to friction between the bullet and the sand.
o Sound energy during the collision.

o Energy used to deform the sand and the bullet.

6. An LED light bulb has an efficiency of 80%. Does it violate the conservation of energy
principle?
« Answer: No, it does not violate the conservation of energy principle. The remaining 20% of
energy is not lost; it is converted into other forms, such as heat. The total energy remains
conserved, but not all of it is converted into useful light energyF . = -T'.'f?,?f'i"\.,
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7. How can using renewablerenergy scurrz s, cd\nf\rlltgutau}%eauémg environmental impact
VN A

compared to non-renewal §Quf¢es\?‘ ?\\%*
e Answer: Re\ ilale eﬁbégysburces such as solar, wind, and hydro, do not emit harmful
Pbu’ée@ s or pollutants. They reduce the environmental impact by:

o Lowering air and water pollution.
o Reducing dependence on finite fossil fuels.

o Preventing global warming by minimizing carbon dioxide emissions.

8. Will we eventually rely entirely on renewable energy sources? Why or why not?
e Answer: Itis possible but challenging to rely entirely on renewable energy due to:

o High initial costs of renewable energy technology.
o Intermittent availability of some resources (like sunlight and wind).

o The need for technological advancements in energy storage. Homfev&l‘ wlﬁh
continuous innovation, renewable ernergy eom'd bec‘drﬁe the primary energy source
in the future. B '

9. How can ncfe@s]ngv the power of a machine impact its energy consumption?
. AnsWer, Inlcreasmg the power of a machine means it can do more work in less time. This
may lead to:

o Higher energy consumption per unit time.
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o Increased efficiency in completing tasks if the machlnef e”‘.@‘*j{@{léﬂ& \\
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10. A perpetual engine haggn\qﬁcfemy equal tcrl Why will it not work?
¢ Answer: A perpe 1al eﬁgine eannot work because it violates the laws of thermodynamics.
No\ﬁrlaqTNdR&é‘n be ‘.[00% efficient due to unavoidable energy losses (like heat due to
fI’ICl'I‘GJ \’; Energy is always dissipated in some form, so perfect efficiency is impossible.
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Long Questions

1. Define work and its unit) DEscﬁbe Ithe condlhons for maximum and minimum work.
Definition of Work: ) \ \ LYW

Work is done, wilaep éﬁoncé is apphed to an object, and it causes the object to move in the direction
of the appliegil force.

The amount of work done depends on the magnitude of the force, the displacement of the object,
and the angle between the

force and displacement. Mathematically:

W =F-d-cos(B)

Where:

- W = Work done (in joules)

- F = Force applied (in newtons)

- d = Displacement of the object (in meters)

- 8 = Angle between the force and displacement.

SI Unit of Work:
The Sl unit of work is the joule (J).
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- 1 joule = 1 newton x 1 meter x cos(0). ¢ N\ O\ \\)
- This means 1 joule is the work done when a force ef‘ 1 newtoﬁ vaes a/ﬂﬁbjé‘et)l meter in the
direction of the force. g ":—) A \ W3\ VY
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Conditions for Maximum ané’Mlm mﬂm Wor"k\
1. Maximum Work: V\(ork is maxl mum when the angle (8) between force and displacement is 0° (i.e.,
force and d{splacemlehtilre in the same direction).
W_max = P~ |Ei cos(0) =F - d
Example: Pushing a box forward on a smooth surface.
2. Zero Work: Work is zero when:
- Displacement is zero (d = 0). For example, holding a book stationary.
- Force is perpendicular to displacement (8 = 90°).
W=F-d-cos(90) =
Example: Carrying a bag horizontally while walking.
3. Negative Work: Work is negative when force and displacement are in opposite directions (6 =
180°).
W _negative =F - d - cos(180)=-F - d
Example: Friction acting against the motion of a sliding object.

2. What is kinetic energy? Derive its expression by using graphical analys:s
Deﬁ nition of Kinetic Energy ~ -

Expression for Kinetic Energ\? \ )\
The formula for kqneﬂc EmérgWS‘ .
E_ k=1/2: mt v

Derivation Using Work-Energy Theorem:
1. Force and Displacement Relationship:




Consider an object of mass m initially at rest (u = 0) that acceierates unﬂer a cunstq t .,ffmce F to

achieve a velocity v over a distance d. — Y = AT T ' ' \ o) % .

2. Work Done: : | vl
Work done on the object isy| 0
W=F-d AL
From Newton' sseqclmcl }dw, forCe F - m - a, where a is acceleration. Substituting F:
W=m-a- d

3. Using Kinematic Equation for d:

From the kinematic equation:
v = u? + 2ad (Since u = 0).
Rearrange for d:

d=v?*/(2a)

4. Substitute d in Work Formula:
W=m-a-(v¥/2a)=1/2-m-V?

Thus, the work done on the object equals its kinetic energy:
Ek=1/2-m-\?

Example of Kinetic Energy:
A car of mass 1000 kg moving at 20 m/s has kinetic energy: oy \
E_k=1/2-1000 - (20)*= 200,000 J — 1) O\
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3. What is potential energy? What arefits diﬁerent ﬁybés? Shq,wwhat grawtamonal potential
energy is equal to the prodpc‘c 015 rvrass (mﬁ\ngaﬁOHaT ﬁeld strength (g), and height (h).
Definition of Potential Energ\( \ L (B
Potential ener; u )\\s\t esenergy possessed by an object due to its position or configuration. It is
stored ener’gy a'e can be converted into other forms, such as kinetic energy.

Types of Potential Energy:
1. Gravitational Potential Energy:
Energy stored in an object due to its height above the ground.
Ep=m:g-h
2. Elastic Potential Energy:
Energy stored in stretched or compressed objects, such as springs or rubber bands.
Ep=1/2-k-x?
Where k is the spring constant and x is the displacement.
3. Chemical Potential Energy:
Energy stored in chemical bonds, such as in fuels, batteries, or food.

Derivation of Gravitational Potential Energy:
1. Force Requured to Lift an Object . J

2. Work Done to Lift the Obj“ect WO
Work done in Iiftmg .’chebbjett s
W F h | \| Jl \J

3. Grawtatlonal Potential Energy:
The work done is stored as gravitational potential energy:
Ep=m-g-h




Example of Grawtatlonal Potentlal Energy

E p=5-9.8:10=490).
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4, What is meant, by Qnergy conversmn and energy conservation?

Energy Converslan -

Energy conversion is the process of transforming energy from one form to another. The total energy
before and after the conversion remains the same, as per the law of conservation of energy.

Examples of Energy Conversion:
1. Electric Bulb:
Electrical energy = Light energy + Heat energy.
2. Car Engine:
Chemical energy in fuel = Kinetic energy (motion) + Heat energy.
3. Hydroelectric Power Plant:
Gravitational potential energy of water = Kinetic energy — Electrical energy.

Energy Conservatlon

Examples of Energy Conser\rathonff - .. .fi)"--lf =
1. Pendulum: "-. " '\ \\ ‘- L)W=

Potential ene{gv ]a“d ’Fkte hzghe*:t pomt converts into kinetic energy at the lowest point and vice versa.
2. Roller Coaster: *

At the top of the track, the car has maximum potential energy. As it moves down, potential energy
is converted into kinetic energy.

Importance of Energy Conservation:

1. Reduces wastage of resources.

2. Protects the environment by minimizing pollution.

3. Ensures sustainable energy use for future generations.

4. What is meant by energy conversion and energy conservation?

Energy Conversion:

e Definition: N Y
Energy conversion is the process of transformlng energyﬂ'om OHE: fOrmto aﬂother During
energy conversion, the total amount of Qne@v ramams qonstant (as per the law of
conservation of energy)‘, bu,t lts forn*‘s Changes :

e Examples of Energy Con\lerslon
Hbétrlc Bulb Electrlcal energy is converted into light energy and heat energy.

2. Car Engine: Chemical energy in fuel is converted into kinetic energy to move the
vehicle, and some energy is lost as heat.




3. Hydroelectric Power Plant: Gravitational potential energy of water‘._
kinetic energy, which is then converted mto electrlcai energy i

converted into

con\;érted into chemlcal energy stored in plants.

4. Photosynthe;qs' Solar gnergy

NN
Energy Corisefuation:

e Definition:
The law of conservation of energy states that energy cannot be created or destroyed; it can
only change from one form to another. The total energy in a closed system remains constant.

e Key Points:

o Energy may appear to be lost, but it is only transformed or transferred to different
formes.

o Efficiency of energy systems can affect how much usable energy is obtained.

Example to lllustrate Conservation of Energy:

i -;,
e A pendulum: S o \ \I [ (¢
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o Atits h:ghe;t pomt it has ma){mum pdtent}él energy 7 and zero kinetic energy.
\\ \. \ AN =

o Asit swmﬁs downtrd \potential energy converts into kinetic energy.
\ Aﬂits IOwest polnt it has maximum kinetic energy and minimal potential energy.

o This energy transformation repeats, with no energy being lost in an ideal system.

Importance of Energy Conservation:
1. Practical Benefits:
o Helps reduce energy waste.
o Makes energy use more efficient in daily life.
2. Environmental Benefits:

o Reduces the need for excessive extraction of non-renewable resources.

o Helps mitigate climate change by m_i_n_imizir_}_g_gnngcg#’é{ér_ﬁ.ﬁ%\é‘ntgi'fé,:__. usage.
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5. Descrlbe how psbfu[ énergy may be obtained from natural resources.
NN

Sources of Energy from Natural Resources:

1. Solar Energy:




o How it Works: Solar panels convert sunllght mto eLeotrlcaI energy usmg photovoltalc
cells. : \ (% L3

o Use: Powermg homes mduSttles, and smaﬂ EIEC;ZI'IOHIC devices.
o Example: Roﬁftop s::;lar panels that provide electricity to homes.
2. Wmd Efmamgéf1 Vet
o How it Works: Wind turbines use the kinetic energy of wind to generate electricity.
o Use: Large-scale electricity production in wind farms.
o Example: Offshore wind farms like those in the Netherlands.

3. Hydropower:

o How it Works: The potential energy of water stored in dams is converted into kinetic
energy when released, driving turbines to generate electricity.

o Use: Supplying electricity to cities and rural areas.
o Example: Hoover Dam in the USA.

4. Geothermal Energy:

o How it Works: Heat eneﬁgy ﬁrom lﬂSIde‘-.the Earth is used to generate electricity or for
direct heatlng purpoﬁ’ \\ -

o Usni'I Hef;\tlng hom'es and generatlng power in geothermally active areas.
Q I |\ y
\ol Ei’ample Iceland’s geothermal power plants.
5. Biomass Energy:

o How it Works: Organic matter like wood, crop waste, or animal dung is burned to
release energy or converted into biofuels like ethanol.

o Use: Heating, cooking, and as a fuel source for vehicles.

o Example: Burning wood in stoves or biogas from waste decomposition.
6. Fossil Fuels (Non-Renewable):

o How it Works: Coal, oil, and natural gas are burned to produce energy.

o Use: Generating electricity, powering vehicles, and heating homes.

o Example: Coal-fired power plants or gas-powered vehicles. |

Advantages of Using Naturaf RESDurce -. B Rl

1. Renewable Sc)u rces

N
c'a" Envuronmentaily friendly (e.g., solar, wind, hydropower).

o Sustainable and inexhaustible.




o Reduces dependence on non- renewable sources. ~ (<o ({
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2. Non-Renewable Sources: .-\-"-\ R
= N \ VOV

o Provide hlghanérgyxoutput\

N

ys[eiju{\fm! largé—scéle rellable power generation.
:J <
Disadvantages of Using Natural Resources:
1. Renewable Energy:
o Dependent on weather conditions (e.g., no sunlight at night for solar).
o Expensive initial installation costs.
2. Non-Renewable Energy:
o Leads to pollution and greenhouse gas emissions.
o Finite in supply, which causes energy shortages in the long term.
N\ 20 \F’:\\ Y\\
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6. Differentiate between renewabte and ncmlr a je\e('ﬁé‘r‘g\) spurces with advantages and

\ \\ \"’3'

disadvantages. Mf \
Definition: f \\ \\ \ L > oL
Q\ '\
° mqf R}E’V Sources:

The are energy sources that naturally replenish and can be used repeatedly without
depleting the Earth’s resources. Examples include solar energy, wind energy, hydroelectric
energy, geothermal energy, and biomass.

e Non-Renewable Energy Sources:
These are energy sources that exist in finite amounts and take millions of years to form. Once
consumed, they cannot be easily replenished. Examples include coal, oil, natural gas, and
nuclear energy.

Detailed Comparison

Feature Renewable Energy Non-Renewable Energy

Availability Unlimited and replenished lelted Il eve C_b_,l‘_!y{}-n out.
naturally. \ Aﬂ\-/
| .L,m/*\\\\\ﬁ N
Environmental Mlmmal pollutlc;nr proctu;:éi Iltbla or+High poﬁution; major contributor to
Impact no greén‘houﬁq gagés NS global warming and climate change.
Examples_ \IF\\N \S‘Q r wmd hydropower Coal, oil, natural gas, nuclear energy.
\ \J ~ | geothermal, biomass.
' Cost High initial investment but low Lower initial cost, but high long-term
operational costs. environmental and health costs.




Reliability Can depend on weather conditions nghly reFabIe* not depe dent on
(e.g., solar panels need sunllght) A () Weather R

Energy Density | Lower ehergy out;mt per umt A T ngh energy output; very efficient for
compare' to fossnl fuels. industrial applications.

AN : ' . .
Sust'amable and will not deplete Unsustainable; reserves are depleting
over time. with continuous use.

Sustainabi_!iﬁy{ NN
Advantages and Disadvantages
Renewable Energy:

e Advantages:

1. Eco-Friendly: Produces little to no greenhouse gas emissions, helping mitigate
climate change.

2. Inexhaustible: These resources, such as sunlight, wind, and water, are naturally
replenished.

3. Low Operational Costs: Oncelnstalled sy
have minimal mamtenance costs

— ~, \.r_.-"l " '. \ ) :
4. Supports Deé.entrihzetl POwer\Productlon Small-scale renewable setups can power
homes, (educmg dependency on central grids.
N \WN |\1 _I l."!l‘
I A"

‘5{ \ Re&uces Air and Water Pollution: No harmful byproducts like those from fossil fuel
- burning.

e Disadvantages:

1. Weather Dependence: Solar and wind energy depend on weather conditions, which
can limit reliability.

2. High Initial Costs: Installation of solar panels, wind farms, or hydropower systems
can be expensive.

3. Land and Space Requirements: Large renewable energy plants like solar farms or
wind farms require significant space.

4. Energy Storage Challenges: Efficient storage systems (e.g., batteries) are needed for
excess energy, increasing costs. -

Non-Renewable Energy:

¢ Advantages: _

Higklf\hergy [iensity: Fossil fuels like coal and oil provide large amounts of energy in
“a small volume.

2. Established Technology: Power plants using non-renewable sources are well-
established and widely used.




4. Reliable Suppfyh Tbese sourtqs .,at'e n9t dependent on weather and can provide

continuous nEr LS
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1. Pollution: Burning fossil fuels releases carbon dioxide and other pollutants,
contributing to climate change.

2. Health Hazards: Air and water pollution from fossil fuels cause respiratory and other
health problems.

3. Finite Reserves: Resources like coal, oil, and natural gas will eventually run out,
creating long-term energy challenges.

4. Environmental Damage: Mining and drilling destroy ecosystems and cause land
degradation.

5. Waste Management: Nuclear energy, although efficient, produces radloactwe waste
that is difficult to manage safely. )

Impact on the Envuronment .r'*.
e Renewable Enerﬁy \ \\ W\ \ LB
\“g[ R@dnlies tarbon emissions significantly, which helps combat climate change.

o Minimal harm to ecosystems, except for land use issues in some cases (e.g., large
solar farms or dams).

¢ Non-Renewable Energy:
o Responsible for over 75% of greenhouse gas emissions globally.

o Mining and drilling for fossil fuels lead to habitat destruction, water contamination,
and soil erosion.

7. Describe the processes by which energy is converted from one form to another with

reference to fossil fuel energy, hydroelectric generation, solar energy, nuclear energy,

geothermal energy, wind energy, and biomass energy G
Energy Conversion Processes: -

1. Fossil Fuel Energy:

o Process: =
!.-Cl]elhﬁica‘l énergy in coal oil, or natural gas is released through combustion {burning).

hls energy is converted into heat energy, which is used to produce steam. The
steam drives turbines that generate electrical energy.

= Example: Coal-fired power plants.




o Conversion: e Y
Chemical energy -> Heat energy -> Kinetic enérgy > Elé

| LT 0 I L T =

2. Hydroelectric Generation: SR\

o Process: 4 |

A Th(lebateﬁ'tratenergy of water stored in a dam is converted into kinetic energy as

U Nwater flows down through turbines. The turbines then convert this kinetic energy
into electrical energy.

= Example: Hoover Dam.

o Conversion:
Gravitational potential energy - Kinetic energy - Electrical energy.

3. Solar Energy:

o Process:
Solar panels (photovoltaic cells) convert sunlight directly into electrical energy.

= Example: Solar farms or rooftop solar panels.

o Conversion:
Solar energy - Electrical energy.

—\ L

4. Nuclear Energy: - _\\/7

o Process: | || \} ||\ 14
0 Nl]lcﬁaﬁﬁsismn (splitting of uranium or other atoms) releases heat energy. This heat

'Q\\J fif.ﬁl,_'ié‘id%edio_generate steam that drives turbines to produce electricity.

= Example: Nuclear power plants like Chernobyl or Fukushima.

o Conversion:
Nuclear energy - Heat energy — Kinetic energy - Electrical energy.

5. Geothermal Energy:

o Process:

Heat energy from the Earth’s interior is used to heat water, producing steam that
drives turbines to generate electricity.

= Example: Geothermal power plants in Iceland.

o Conversion:
Geothermal heat energy — Kinetic energy - Ele(:_fc_[_icgl\-erf‘_ger_gy;—'-‘-"

L
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6. Wind Energy:

o Process: O\ \c4 o O N
Wind turns I'grge-._ .,_u"['bj_,‘r_-.\ésl';'a:nd the mechanical energy from this rotation is converted
rintoeleétrical-energy using a generator.
ATV TR Y
» Example: Offshore wind farms.
o Conversion:
Kinetic energy of wind - Mechanical energy - Electrical energy.




7. Biomass Energy:

o Process: \

Organic matenals Iike wood agrluu[tura{ Waste or' ahlmal manure are burned to

""Céhversmn:
Chemical energy - Heat energy —> Kinetic energy - Electrical energy.

8. Describe the process of electricity generation by drawing a block diagram of the process
from fossil fuel input to electricity output.
Steps in Electricity Generation from Fossil Fuels:

1. Fuel Combustion:
o Fossil fuels (coal, oil, or gas) are burned to release heat energy.

2. Steam Production:

¢ The heat from combustion boils water to produceﬁte&mat hlg’h prﬂﬁsh\’e

3. Turbine Operation: \’ ﬂ W\

o The high- pressgure steé?n\drmes the bfades of a turbine, converting heat energy into
mechqmc;al énﬁrgy A =

4. Genepator! - NI
o The turbine’s mechanical energy rotates a generator to produce electrical energy.
5. Transmission:
o The electrical energy is transmitted through power lines to homes and industries.
Block Diagram:

e Fossil Fuel - Combustion (Heat) - Steam - Turbine (Mechanical Energy) - Generator
(Electrical Energy).

9. Define power. What is the relation of its S| unit with horsepower?
Definition of Power: N "

o  ttt=Time taken

Sl Unit of Power:




e The Sl unit of power is the watt {W). )
1 watt = 1 joule of work done in . seccmfd. R0

Horsepower and Retatnomwrth Wat;

A\ AN \"- | 1 U =
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e Horsepower (hpl L\
HoEsepqwe‘rlls aunit of power commonly used in the automobile and machinery industries.
1 horéepower (hp) = 746 watts (W).

Example:
If an engine produces 10 horsepower, its power output in watts is:

P=10-746=7460 W.P = 10 \cdot 746 = 7460\, \text{W}.P=10-746=7460W.

10. What is efficiency? Why is it important for cars or electronic devices to be designed with
high efficiency? Why can machines never be 100% efficient?
Definition of Efficiency:

e [Efficiency is the ratio of useful energy output to total energy input, expressed as a
percentage: Efficiency(n)=(Useful Energy OutputTotal Energy Input) 100\text{Efﬁtrency}
(\eta) = \left(\frac{\text{Useful Energy Outpu&}}{\text{]?etar Emergy\lnpu‘t];}\nght} \cdot
100Efficiency(n)=(Total Energy InputUse{uI E\nérgy\Output] ‘.u)b

\
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Importance of HIghEﬂlCleﬁCV"‘ X \\ \\
I\ \ \' "-. \
1. Energy Consﬁr\g ‘r.mrr \I
nglfner c;éhcv ensures that less energy is wasted, conserving resources like fuel or

electrlcuty

2. Cost Savings:
Efficient machines consume less energy, reducing operational costs for users.

3. Environmental Benefits:
High-efficiency systems emit less pollution, helping to mitigate climate change.

Why Machines Cannot Be 100% Efficient:

¢ Machines cannot be perfectly efficient because some energy is always lost as heat, sound, or
friction. According to the Second Law of Thermodynamics, no energy conversion process is
completely free of energy losses.

Example: A
An electric motor that uses 100 J of energy to perform 80 }of useful workhasan efﬁcuency
Of: 5 |’ ;I \ N - A

II

n=(80100)-100=80%. \eta .z\ie&(\frac{BD}“{lOO}\right) \cd(;ut 100 = 80\%.n=(10080)-100=80%.
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11 Explaln bir drEng energy flow diagrams through steady-state systems such as a filament

lamp, a power station, and a vehicle traveling at a constant speed on a level road.
Energy Flow in a Filament Lamp:




1

1. Chemical enﬁfgy m fuél -—) Heat energy - Kinetic energy (steam) - Mechanical energy
(turb;r]es)-\ > Electrical energy.

o Example: Coal-fired power plants.
Energy Flow in a Vehicle Traveling at Constant Speed:

1. Chemical energy in fuel - Heat energy — Kinetic energy (motion of the car) - Sound energy
(minor loss).

o At constant speed, the input energy balances the resistive forces like friction and air
resistance.




6.1 Work
1. What is the definition of work in physics?
Work is done when a force is applied to an object, causing it to move in the direction of the
applied force. The magnitude of work depends on the force, the displacement of the object,
and the angle between them.

2. What is the SI unit of work?
The Sl unit of work is the joule (J). One joule is equivalent to the work done when a force of
one newton moves an object by one meter in the direction of the force.

3. How is work calculated when force and displacement are at an angle?
Work is calculated as:

Where:

o FFisthe apphed forcga,

o ddisthe dusplacement

\ N |\ | ¢ _!l
\\q[ Q\\Jﬂhéta is the angle between force and displacement.
If the force is perpendicular (8=90¢\theta = 90*\circ), no work is done.

4. When is work considered positive or negative?

o Positive Work: When force and displacement are in the same direction. For example,
pushing a cart forward.

o Negative Work: When force opposes the direction of displacement. For example,
friction acting against the motion of a sliding object.

5. Does holding a heavy object stationary involve doing work?
No, work is not done because there is no displacement. Work requires movement in the
direction of the applied force.

6.2 Energy and Its Forms O\ . A\ .' «
1, “What s aneriy? A QA W\ .
Energy is the capac:t\; to dework or cause change it exnsts in various forms, such as
mechanical, thermal chemicai,, nuclear and electrical energy.

‘|

2. What are thL i:wo main forms of mechanical energy?

o Kinetic Energy: Energy of motion, such as a moving car.

o Potential Energy: Stored energy due to position, such as a rock on a hill.




3. How is kinetic energy calculated? 1)
Kinetic energy is given by: A N\Y [ (2

Ek=12mv2E_k =\frac{I{2} my2

Where mm is the mass and W'ls the 'ifélééi"t'y. Ec;r example, a 2 kg object moving at 3 m/s has

Ek=9 JE k = 9\ \telxﬂl}“'

4, What is gravitational potential energy?
Gravitational potential energy is energy stored in an object due to its height above the
ground. It is calculated as:

Ep=m:g-hE_p = m \cdot g \cdot h
Where mm is mass, gg is acceleration due to gravity (9.8 m/s29.8 \, \text{m/s}#2), and hh is height.

5. Can energy be transformed from one form to another?
Yes, energy transformations occur constantly. For example, in a pendulum, potential energy
at the top converts into kinetic energy at the lowest point and vice versa.

6.3 Major Energy Resources
1. What are renewable energy resources? O\ O .----v-’,i'_ [ (0 o=
Renewable energy resources ares n‘aturaily*replgmshed anc} r‘iever run out Examples include
solar energy, wind energy* hydmeiectmc ahéfgy, geothermal energy, and biomass.
\\ ALY

{ \ \ \
2. What are non-rq@ewaﬁle ‘energy resources?
Non- renewagl‘e energy resources are finite and take millions of years to form. Examples

mciude coal oil, natural gas, and nuclear energy.

3. What is the primary source of solar energy?
The Sun is the source of solar energy. Solar panels convert sunlight into electrical energy
using photovoltaic cells.

4. How does wind energy generate electricity?
Wind turbines convert the kinetic energy of moving air into mechanical energy, which is then
transformed into electrical energy by generators.

5. What is biomass energy?
Biomass energy is derived from organic materials like wood, crop waste, and animal manure.
When burned, the chemical energy stored in these materials is released as heat and
converted into electricity.

6.4 Power
1. Whatis powerin physlcs'-‘ X /
Power is the rate at wh, h WOI‘k'lS dOne or energy is transferred over time. It measures how
c|u|ck|§,4r energv is: tsed-or work is performed.

2. What is the Sl unit of power?
The Sl unit of power is the watt {W). One watt equals one joule of energy transferred per
second.




3. How s power calculated? N\ 200
Power is given by the formula: o ara\Y/ e o

P=WtP = \frac{WHt}

Where WW is work done or energy transferrecf and tt is the time taken.

4. What|ls the\rEIatIonshlp between power and energy consumption?
Devices with higher power ratings consume energy faster. For example, a 100 W bulb uses

more energy per second than a 60 W bulb.

5. How does power relate to electrical appliances?
The power rating of an appliance indicates its energy usage rate. A 2000 W heater consumes
2000 joules of energy per second.

6.5 Efficiency
1. What is efficiency?
Efficiency is the measure of how much of the input energy is converted into useful output
energy. It is expressed as a percentage:

n=(Useful energy outputTotal energy input)-100\eta = \Ieft(\frac{\texp{Us‘ful ef\erg‘m \'5
output}}{\text{Total energy mput}}\rlght) \cdotJOO R - O O

2. Howis efficiency cah:uhated’ —-\‘ \ ' f’f’! A
Efficiency is calculated b\( dl\)udmg theﬂseful output energy by the total input energy and
multiplying, mQ% Fdr example a motor that uses 100 J of energy but delivers 80 ] of
useful‘wbﬂk as an efficiency of 80%.

3. Why is efficiency important in machines?
Higher efficiency reduces energy wastage, lowers costs, and minimizes environmental
impact. For instance, energy-efficient vehicles consume less fuel.

4, Can any machine be 100% efficient?
No, machines cannot be 100% efficient because some energy is always lost as heat, sound, or
friction during the energy transfer process.

5. How can efficiency be improved in systems?
Efficiency can be improved by reducing friction, using better materials, and designing
systems to minimize energy loss. For example, LED bulbs are more efficient than traditional
incandescent bulbs.




appllca‘mons
Definition ofWork ] \

NN €
Work is deﬁngd as lche measure of energy transfer that occurs when a force is applied to an object,
causing it to move. Mathematically:

LA AR
IR

W=F-d-cos2®W = F \cdot d \cdot \cos\thetaW=F-d-cosB
Where:

e  WWW = Work done (in joules)

¢ FFF = Force applied (in newtons)

¢ ddd = Displacement (in meters)

e B\thetaB = Angle between the force and displacement.

Types of Work:

1. Positive Work: O\ 2/

0\ \ \.f ARIRY! e
o Occurs whem”thé f rca fmd di sétacement are in the same direction (8<90c\theta <

90“}clrca;¢900)‘ P
[N
][ iExampIe° Pushing a box forward.

2. Negative Work:

o Occurs when the force opposes the displacement (6>900\theta > 90\circ8>900).
o Example: Friction acting on a sliding object.
3. Zero Work:

o Occurs when there is no displacement or the force is perpendicular to the motion
(8=900\theta = 90" \circ8=90¢0).

o Example: Holding a book stationary or carrying it horizontally.

Conditions for Work:

1. A force must be applled

2. The object must move (dlspiacemerlt} :

3 The forpe ml‘bSt l'rave ’a component in the direction of displacement.

Applications of Work:




2. Transport: Vehicles perform work by ouercoming Frlchon and alr res:stance.

\

3. Daily Activities: Actmtues* like pulllng or pushfng objects mvolve work.

r] \ ';---.' B
N AV)Vicke
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2. Explain the forms of energy in detail. Highlight the transformation of energy with real-
world examples.
Definition of Energy:

Energy is the capacity to do work or cause change. It exists in various forms and can be converted
from one form to another.

Forms of Energy:
1. Kinetic Energy:
o Energy of motion. ¢

’--.-‘\F\ \| I Y i ",,.‘\_ L
o Formula: Ek=12mv2E_k = \frac{l}{Z}mW‘%Ek—levz, A

I\ VAN
— VL \ L L

o Example: Ar_v‘tovmg cér \\ ¢ \R
\ \ \ \\ 'J (S
2 Potf?HTl\IJEF:FrgY:J | <
‘o) ““Energy due to position or configuration.
o Formula: Ep=mghE_p = m g hEp=mgh.
o Example: A rock held at a height.
3. Thermal Energy:
o Energy related to temperature due to particle motion.
o Example: Heat from a stove.
4. Chemical Energy:

o Energy stored in chemical bonds.

o Example: Energy from burning fuel.

5. Electrical Energv - . e ’\\‘ [ .I"‘!-.’_'.')‘__j"'.' o

o Energydue to mowng charges .

NS
o Example En\er\gy. _oweﬁng electrlcalappllances
6. Nuclgari Eﬁlengv
o Energy released during nuclear reactions.

o Example: Energy from nuclear power plants.




Energy Transformations:

1. Examplel: A hydr«oeléctrlc dam" converts potentlal energy of water into kinetic energy, which
is then conyérted intoelectrical energy.

2. Example 2: A car engine converts chemical energy in fuel into kinetic energy and heat
energy.

Importance of Energy Transformation:
1. Makes energy usable in various applications.

2. Drives processes in industries, homes, and natural systems.

3. Compare renewable and non-renewable energy resources in detaih, nghhght thelr

advantages, disadvantages, and envrronmental |mpact'sx ‘.\ \\' | (< =

Energy Resources: \\ 2\ N \ -;- A
&3 ,-—-. \ \a x '.

\ \ \‘ -
Energy resources are sourcesum\ti f,q nrpduce}n‘ergy They are classified into renewable and non-

~ , \"\ \ E"‘J

renewable. U NI PREL S
N NN o™

Renewable Energy Resources:

e Naturally replenished and sustainable.

e« Examples: Solar, wind, hydropower, geothermal, and biomass.
Advantages:

1. Eco-friendly and emit little to no greenhouse gases.

2. Sustainable and inexhaustible.

3. Reduces dependence on fossil fuels.

Disadvantages:

1. High initial installation costs. N
2. Dependent on weathef (e g ngr panels" niee d Sun{%ght),"" ]

3. Reqmres 5|gn|ficant Space (e g; wmd farms)

Non-Renewable Energy Resources:

¢ Finite and take millions of years to form.




2. Reliable arjrdlcdqsistent
[\

3. Estabilshed infrastructure for use.

Disadvantages:

1. Causes pollution and greenhouse gas emissions.
2. Limited supply and will eventually deplete.

3. Environmental destruction (e.g., mining, drilling).

Environmental Impact:

1. Renewable: Minimal environmental harm; reduces carbon footprint.
«"_'\
ol
2. Non-Renewable: Major contributor to air and water pollutlon,f }elerratef cr 'ﬁté‘ change.
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B. W=Fxdxcos 8w = F\tlmesd\tlmes \cns\thétaw dexcose
C. W=FxdW = F \tim ls*dw_de

D. W= dextgq ___._BW‘ = F\times d \times \tan\thetaW=Fxdxtan®
Answer:B

2. If a force is applied perpendicular to the direction of displacement, the work done is:
A. Positive

B. Negative

C. Zero

D. Maximum

Answer: C

3. The unit of work in the International System of Units (51) is:
A. Newton

B. Joule

C. Watt

D. Pascal

Answer: B P

\ ) B, W |
,-'\_ \ J Vo

A. O degrees A\ \ 1\
B. 45 degrees \-"‘-|'|§"r|\[|. LA
c.90d \';\J‘;‘_ k)

egreeg ||\
D. 180 degreés
Answer: A

4. When lifting an object ver!;m{fy upw&rds, th qng!e between the forr:e and displacement is:

5. Which of the following scenarios represents negative work?
A. Pushing a box forward

B. Lifting a book upward

C. Friction slowing down a sliding object

D. Holding a stationary object

Answer: C

6. Energy is defined as:

A. The rate of doing work

B. The capacity to do work

C. Force applied over a distance )
D. Mass in motion AN [ 7 3 |
Answer: B A O A\ b3

7. Which form of energy is assocmted thh an\object s‘monon?
A. Potential energy ; -
B. Kinetic energy.\| ||_\ N
C. Thermal en;ergy‘

D. Chemical energy
Answer: B




8. Grovitational potential energy depends on:

A. Mass and velocity AN\ Y/ (elo

B. Mass and height )

C. Force and displacement W\er

D. Speed and time - "

Answer:B [}
\[

9. The law of |conseruahon of energy states that:

A. Energy can be created and destroyed

B. Energy cannot be transformed

C. Total energy remains constant

D. Energy is always conserved in the form of heat

Answer: C

10. Which of the following is an example of chemical energy?
A. A moving car

B. A compressed spring

C. Food before digestion

D. A stretched rubber band

Answer: C

\,

11. Which of the following is a non-renewable energy resour:;é 2 \\ \\' .' ._’ C
A. Solar energy 7~ WY N

B. Wind energy
C. Coal i L
D. Hydropower \\J j|\ |\ || IV
Answer: C \][

—

12. Which energy resource is considered renewable?
A. Natural gas

B. Oil

C. Biomass

D. Nuclear energy

Answer: C

13. The primary component of natural gas is:

A. Ethane

B. Propane

C. Methane

D. Butane
Answer: C N\ 2O\

14. Which country has the largest coal reserves?_ WO
A. China \ WO J
B. United States

C. India

D. Russia [ 0 \J I'
Answer: B |

\ |'| N a2

15. Hydropower generates electricity by using:
A. Wind




B. Sunlight

C. Moving water
D. Fossil fuels _ A TN
Answer: C ' g

16. Power is defined as: "2\ \ Yo
A. Work done per unit t;me ‘-., e
B. Energy stored in aH db)ect
C. Force apphéd over a distance
D. Rate of change of velocity

Answer: A

17. The S! unit of power is:
A. Joule

B. Newton

C. Watt

D. Pascal

Answer: C

18. If a machine does 1000 joules of work in 5 seconds, its power output is:
A. 50 watts

B. 200 watts
C. 5000 watts
D. 100 watts :
Answer: B ~\ o —~\V I\

( :I '-\ \ .':._\', .'. '.\

19. Which of the foﬂow.'ng app.honcei fybfcaﬂy consumes the most power?
A. LED light bu\I\H N N[NNI
B. Refrlgerat&'\ *

C. Electric oven

D. Ceiling fan

Answer: C

20. The power output of an engine is determined by:
A. The amount of fuel consumed

B. The work done and the time taken

C. The speed of the vehicle

D. The size of the engine

Answer: B

21. Efficiency is defined as the ratio of:

A. Input energy to output energy

B. Useful output energy to total input energy
C. Total input energy to useful output energyr
D. Work done to time taken » \ i
Answer: B Q\'

22. A machine w:th 5%|Qﬁ‘lcwncy means that

A. 75% of Inpl[l\t enjergy is wasted

B. 25% of input energy is converted to useful work
C. 75% of input energy is converted to useful work




D. The machine is 25% efficient . ’ !

kY
\.\

23. Which of the following fpctm’s cag ;mprove rhe e;_‘ﬁc;ency of a machme?
A. Increasing friction j \ \L

B. Reducing energy lpsses| | \ W=

C. Increasing|i put Ieﬁergy .

D. Decreasmg output work

Answer: B

24. In a light bulb, electrical energy is primarily converted into:
A. Chemical energy

B. Thermal energy and light energy

C. Mechanical energy

D. Nuclear energy

Answer: B

25. The efficiency of an ideal (perfect) machine is:

A. 0%

B. 50% L
C. 75% B .,:_ 'f?:'}'l:l':_:‘.-:lll". J ‘I"._I:|I U
D. 100% - - =25 vk L\_.;;- —
Answer: D N\ 2\

\ i . \/ _;' ‘ \' \_ ,- .

26. Which of the following sféf\emehts s true about renewab!e energy resources?
A.They can be reple stpeﬂ n"af.ura‘lly over short periods

B. They areﬁ lte\ﬁ will eventually deplete

C. They always ‘produce more energy than non-renewable resources

D. They are always more efficient than non-renewable resources

Answer: A

27. The primary disadvantage of wind energy is:
A. High operational costs

B. Intermittent energy supply

C. High greenhouse gas emissions

D. Limited availability of wind

Answer: B

28. Which of the following energy transformations occurs in a hydroelectric power plant?
A. Chemical to electrical

B. Thermal to mechanical

C. Gravitational potential to electrical . -
D. Nuclear to thermal = Y\ O\
Answer: C \ 7\ \d

29. The main purpose of a transforrher in the transm:ss;on of electricity is to:
A. Convert AC to-DC| |\ 5\

B. Increase orldecrease voltage

C. Measure electrical energy

D. Store electrical energy

Answer: B




A
30. Which of the following best describes geothermal energy? 7(/:-.\ @ Q)\\ (\ )
A. Energy from the sun N\ O wf{\i\l | {,’E‘)\Q\“‘\:}\Q:” 8
B. Energy from wind a &G . \\\ \J \\\\ SO

\ /T’ \ \
C. Energy from Earth's interna Tyefa;__\,;-\\\\ L’\\’X\ U N\
D. Energy from moving wa_teﬂ\ \ f\\ \;\! aL_\_\\,\ \_
Answer:C \ITNN | I3V
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