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WORK
Work is said to be done, if force acting on a body is able to actually move it through some distance in the
direction of the force.
The definition of work in physics reveals its relationship to energy – whenever work is done, energy is
transferred.
Work is the product of the component of the force in the direction of the displacement and the magnitude of
this displacement.
Its SI unit is a joule.
Mathematically, the above statement is expressed as follows:

W = (F cos θ) d = F. d

Where,


W is the work done by the force.



F is the force, d is the displacement caused by the force



θ is the angle between the force vector and the displacement vector

Where is the angle between the line of action of the force and the direction of motion. The units of work are
identical to those of energy i.e. Joule .

A weightlifter lifts a barbell weighing 25 kg and displaces it from the ground by 2m. Here, the work done
upon the barbell is against gravity.
The work done upon the weight against gravity can be calculated as follows:
Work Done = (Mass × acceleration due to gravity) × Displacement
= (25 × 9.8) × 2 J

Factors Affecting Work
Force:
Force is defined as a push or a pull that can cause any object with a mass to change its velocity and
acceleration. Force is a vector quantity and has both a magnitude and a direction. If the force acting on an
object is zero irrespective of the state of the object (dynamic or static) that work done by the force is zero.

Displacement:
Displacement is a vector quantity that gives the shortest distance between the initial position and the final
position of any object. If the resulting displacement in the direction of force, due to force acting on any object
is zero, the net work done by that force on that object is zero. For e.g., if we push a rigid wall with all our
might and still fail to displace it, then we can say no work has been performed by us on the wall.

The
Force

Angle between the
Vector and the
Displacement
Vector

The work done by a force on an object can be positive, negative, or zero, depending upon the direction of
displacement of the object with respect to the force. For an object moving in the opposite direction to the
direction of force, such as friction acting on an object moving in the forward direction, the work is done due
to the force of friction is negative.

Similarly, an object experiences a zero force when the angle of displacement is perpendicular to the direction
of the force. Consider an example of a coolie lifting a mass on his head moving at an angle of 90˚ with respect
to the force of gravity. Here, the work done by gravity on the object is zero.

Positive Work Done
Positive work means that force is applied along the direction of displacement. e.g. when a horse pulls a cart
on a level road, when a body falls freely under gravitational pull.

Negative Work Done
Negative work means that force is opposite to displacement. e.g. when a positive charge is moved towards
another positive charge, when a body is made to slide over a rough surface.

Zero Work Done
If the force is perpendicular to the displacement and if either the force or the displacement is zero, work done
is zero. e.g. when a body is moved along a circular path with the help of a string, when a coolie travels on a
platform with a load on his head and when a person does not move from his position but he may be holding
any amount of heavy load.

Energy
What is Energy?
Energy is the ability to perform work. Energy can neither be created nor destroyed. It can only be transformed
from one kind to another.
If work is done by lifting an object to a greater height, energy has been stored in the form of gravitational
potential energy. Many other forms of energy exist: electric and magnetic potential energy; kinetic energy;
energy stored in stretched springs, compressed gases, or molecular bonds; thermal energy; and mass itself. In
the all transformations from one Kind of energy to another, the total energy is conserved. For instance, if
work is done on a rubber ball to raise it, its gravitational potential energy is increased. If the ball is then
dropped, the gravitational potential energy is transformed to kinetic energy. When the ball hits the ground, it
becomes distorted and thereby creates friction between the molecules of the ball material. This friction is
transformed into heat, or thermal energy.

Unit of energy
Energy and work are both measured in the same units – for examples, ergs, joules or foot-pounds.
The SI unit of energy is joules (J), which is named in honor of James Prescott Joule.

There are various forms of energy. Some forms of energy are defined and discussed in this article.

Heat Energy
When you leave a cup of hot coffee unattended for some time, you find that the coffee has cooled down. This
is because it lost heat to the surrounding which is at a lower temperature when compared to the coffee.
Heat energy is the form of energy that results from the total kinetic energy of the particles in any object. It is
transferred as a result of a random motion of molecules which leads to them bouncing off each other and
transferring energy in the process. It is also sometimes referred to as the energy in transit. Heat flows from a
body of higher temperature (high total kinetic energy of the particles) to a body of lower temperature (low
total kinetic energy of the particles).

Chemical Energy
Plants use solar energy, carbon dioxide, and water to synthesize food. This food is consumed by humans and
animals, is broken down in their bodies, and they get energy for life activities. They are all examples of
chemical energy.
Chemical energy is the energy that is stored in the bonds of chemical compounds. Moreover, a chemically
stable compound has less energy stored in it as compared to its separate parts. When a chemical reaction takes
place, there is a change in the arrangement of atoms which results in either absorption (endothermic) or a
release (exothermic) of energy.

Electrical Energy
The energy due to the moving electrical charges is called electrical energy. So when you turn on a torch, the

chemical energy stored in batteries makes the charged particles flow from the low potential terminal to a high
potential terminal. This electrical energy lights the torch which is transferred to the surrounding as light
energy.

Nuclear Energy
You might be aware of the infamous bombings of the cities of Hiroshima and Nagasaki during World War II
which caused the destruction to the extent that its consequences can be seen even today. Those were the
nuclear bombs which are considered as one of the most dangerous inventions of mankind till date.
Nuclear energy is the energy in the nucleus of an atom. The energy is released during nuclear fusion or fission
reactions. And the energy released is really vast. When the reaction is controlled, it can be used to generate
electricity. Under uncontrolled nuclear fission reactions, nuclear weapons are created.

The Equivalence of Mass and Energy
An equation given by Einstein explains the relationship equivalence of mass and energy. According to it, the
energy of a body is equal to the products of the mass of the body and the square of the speed of light. The
famous equation is
E = mc2
Where E is the energy, m is the mass of the body and c is the speed of light in a vacuum which is
approximately equal to 3 x 108 m/sec.
Energy is found in many things and thus there are different types of energy. All forms of energy are either
kinetic or potential.

Kinetic Energy
The energy in motion is known as Kinetic Energy. For example a moving ball, flowing water etc.
Kinetic Energy = ½ m × V2
Where,
m = Mass of the object
v = Velocity of the object

Potential Energy:
This is the energy stored in an object and is measured by the amount of work done. For example: pen on a
table, water in a lake etc.

Potential Energy = m×g×h

Where,
m = Mass of the object (in kilograms)
g = Acceleration due to gravity
h = Height in meters
Various other forms of energy are as follows –

Mechanical Energy
It is the sum of potential energy and kinetic energy that is the energy associated with the motion & the
position of an object is known as Mechanical energy. Thus, we can derive the formula of mechanical energy
as –
Mechanical Energy = Kinetic Energy + Potential Energy
Mechanical Energy = ½ m v2 + mgh

Chemical Energy:
Chemical energy is stored in a chemical substance in between the bonds of atoms in compounds. In a same
given temperature and environment, energy can be released (or absorbed) because of a reaction between a set
of chemical substances is equal to the difference between the energy content of the products and the reactants.
Some other types of energy are Electric, Magnetic, Radiant, Nuclear, Ionization, Elastic, Gravitational,
Thermal, Heat & Mechanical work.

Different Types of Energy Resources:
Energy sources are used as fuels. Fuels are used in machineries, automobiles, and other industries. They are
used in thermal plants to generate electricity. Energy resources can be classified into two types –

Non-renewable

Renewable

Non-renewable Resources:
Fossil fuels like oil, natural gas and coal are known as non-renewable resources, because once used, this
cannot be renewed by natural process or means.

Renewable Resources:
Natural resources like wind, water, solar, and geothermal are called renewable resources as they come from
sources that regenerate it back after consumption and are continuously available in nature.

Types of energy based on their resources are:
 Bio-energy
 Coal
 Geothermal










Hydrogen
Hydro-power
Natural Gas
Nuclear
Oil
Solar
Wind
Wood

Energy is required for the evolution of life forms on earth. In physics, it is defined as the capacity to do work.
We know that energy exists in different forms in nature.

What is the Law of Conservation of Energy?
The law of conservation of energy states that energy can neither be created nor be destroyed. Although, it
may be transformed from one form to another. If you take all forms of energy into account, the total
energy of an isolated system always remains constant. All the forms of energy follow the law of conservation
of energy. In brief, the law of conservation of energy states that,
In a closed system, i.e., a system that is isolated from its surroundings, the total energy of the system is
conserved.

Example of Energy Transformation

So in an isolated system such as the universe, if there is a loss of energy in some part of it, there must be a
gain of an equal amount of energy in some other part of the universe. Although this principle cannot be
proved, there is no known example of a violation of the law of conservation of energy.
The amount of energy in any system is determined by the following equation:






The

UT is the total energy of a system
Ui is the initial energy of a system
Q is the heat added or removed from the system
W is the work done by or on the system
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Energy Conservation:
Energy conservation is not about limiting the use of resources which will finally run out altogether. The ideal
way of conservation would be reducing demand on a limited supply and enabling that supply to begin to
rebuild itself. Many times the best way of doing this is to replace the energy used with an alternative.

Law of Conservation of Energy Examples:
In Physics, most of the inventions rely on the fact that energy is conserved when it is transferred from one
form to another. A number of electrical and mechanical devices operate solely on the law of conservation of
energy. We will discuss a few examples here.


In a torch, the chemical energy of the batteries is converted into electrical energy, which is converted
into light and heat energy.



In hydroelectric power plants, waterfalls on the turbines from a height. This, in turn, rotates the
turbines and generates electricity. Hence, the potential energy of water is converted into the kinetic
energy of the turbine, which is further converted into electrical energy.



In a loudspeaker, electrical energy is converted into sound energy.



In a microphone, sound energy is converted into electrical energy.



In a generator, mechanical energy is converted into electrical energy.



When fuels are burnt, chemical energy is converted into heat and light energy.



Chemical energy from food is converted to thermal energy when it is broken down in the body and is
used to keep it warm.

OTHER FACTS
when a box is falling from a table, its potential energy decreases while its kinetic energy increases. However,
the sum of both forms of energy remains constant during the fall. Scientists express this constancy in a law
which states that energy is conserved. The law of conservation of energy is not only valid for the falling box,
but also for the entire Universe. This law states that the total amount of energy in the Universe is always the
same.
The pendulum is an example of how energy is transformed form one form into another, although the total
energy is conserved. When a pendulum reaches the top of its swing, it has potential energy because of its
position. As the pendulum slows down and swings through the lowest point of its swing it has only kinetic
energy. This energy becomes potential energy as the pendulum again reaches the top of its swing. The
pendulum again reaches the top of its swing.
The pendulum would swing back and forth forever if there were no friction and the resistance of the air. But
the energy used up in overcoming such friction is not last. It is transformed into heat. Because energy and
matter are now known to be closely related, the law of the conservation of energy can also include matter.
Energy cannot be created or destroyed. But it may be developed from matter and turned into matter.

Conservation of Angular Momentum
Another conserved quantity of great importance is angular (rotational) momentum. The angular momentum of
a rotating object depends on its speed of rotation, its mass and the distance of the mass from the Axis. When a

skater standing on a friction-free point spins faster and faster, angular momentum is conserved despite the
increasing speed. At the start of the spin, the skater’s arms are outstretched. Part of the mass is, therefore, at a
large radius. As the skater’s arms are lowered, thus decreasing their distance from the axis of rotation, the
rational speed must increase in order to maintain constant angular momentum.

Efficiency
The efficiency of a machine in its conversion of energy form one from to another is defined as :
𝑈𝑠𝑒𝑓𝑢𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑂𝑢𝑡𝑝𝑢𝑡
The conversion may never be 100 per cent, and in fact for many machines it falls well short of this.
Potential and Kinetic Energy
Mechanical energy is the energy produced by movement, that is, the action of forces on objects. Kinetic
energy is the energy an object possesses because of its motion. Kinetic is a Greek word that means ‘to move’.
The kinetic energy of a body is proportional to its mass and to the square of its speed. So, a train moving at 80
km/h has four times the energy of a train travelling at 40 km/h. A standing train has no kinetic energy; all the
kinetic energy it possessed while moving has been transformed into heat, generated by friction in the brakes
that brought the train to a halt. Suppose that a body of mass m moving with velocity u is brought to rest in a
distance s by a constant retarding force F, then the original kinetic energy of the body is equal to Fs, and this
must, therefore, be the work done in bringing it to rest. Since, F = ma, however, we have
kinetic energy = 𝐹𝑠 = 𝑚𝑎𝑠𝑠 =
1

2

𝑚𝑢 2
2

kinetic energy = 𝑚𝑢
2
Potential energy is the energy an object possesses because of its position or state. It represent work that has
already been done and is sometimes called stored energy.
If we lift a box from the floor on to a table, the potential energy of the box will be increased with the amount
of work that was required to lift it on to the table. The energy associated with the position of a body in a
gravitational field is the gravitational potential energy of the body. Therefore, Potential Energy = mgh
Compared with some reference point where h- 0, which is usually the surface of the Earth. This may also
represent the change in potential energy, where m is the mass of the body, g the intensity of the gravitational
field (assumed uniform here), and h is the vertical distance moved in the field. Potential energy can be
transformed into
Kinetic energy. When the box hits the floor, it causes vibrations in the floor and the surrounding air. These
vibrations heat up the floor and the air, so the kinetic energy of the box is transformed into heat energy.
Chemical energy is a form of potential energy. Molecules may store energy because of the potential energy of
atoms. This potential energy is formed by the action of the forces that exist between atoms in molecules.
During chemical reactions, atoms in molecules take up different positions, resulting in changes in the
potential energy of these atoms. If the potential energy decreases, the reaction gives off energy as heat.

