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Physics Notes: Work, Energy & Power
» Work

Work is performed if an object is forced and the object moves from one location to other
location. Work is the consequence of a force that acts at some distance. The distance
covered by this body is called it displacement. If the force F, and the displacement d, are
in the same direction, then the work W is given by the formula,

W =Fd

The work is the product of the displacement and the force. The force unit is the Newton
(N) in SI (international system) units, and the distance or displacement unit is the meter
(m). The work unit can therefore be expressed as a Newton-meter. It's also called a Joule,
J. The Newton is a composite unit, so a Joule is equivalent to it as well,



Unit of energy

* The unit of energy is the same as work:
Joules

* 1 joule =1 (kg)(m/s?)-(m) = 1 Newton -
meter

* 1 joule =1 (kg)-(m?/s2)

Work and energy has the same unit

The equation W= Fd depends on the same direction as force and displacement. There are
many circumstances where, for instance, an individual pushing on a box near the floor is
distinct in their direction. Although the resulting direction of the box is forward, a part of
the force that the individual applies is aimed down. Only the part of the force along the
route of the displacement of the box contributes to the job performed in a situation like

this. The work can be found by using the dot product (also known as the scalar product)
if we treat force and displacement as vectors.



Work = Force X distance
W = Fd
W = FdcosO

* Unit—Joules

* Force must be direction of motion

W, = AKE

In this formula, 0 is the angle between the force and displacement vectors, and F and d
are the magnitudes of the vectors.

Whenever work is done against gravity, the amount of work performed is equal to the
body's weight product and the vertical distance the body is lifted through.

Work done in lifting body = Weight of Body x Vertical Distance
W=mgh

Where,

W= work Done

M=mass of body

g = acceleration due to gravity

h — height through which the body is lifted



» Energy

A body's ability to do work is called energy. Energy is a scalar quantity, i.e. it only has
magnitude, but no direction.

1. Potential Energy

The ability to do work in a body because of its situation or setup or we can say a body's
energy because of its position or shape change is called potential energy. For example,
compressed string energy, gathered water energy at a height, spring energy in a watch,
etc.

A body's energy is called gravitational potential energy because of its position above the
floor.

A body's energy is called elastic potential energy due to changing its shape and size.
2. Kinetic Energy

An object's kinetic energy (K) is equal to the amount of work needed to accelerate the

object from rest to speed, v. This relationship between kinetic energy and work is called
the theorem of work-energy. An object's kinetic energy is a scalar value, which means it
is not dependent on the direction in which the object moves. The kinetic energy value is
always positive or zero. The kinetic energy unit is the same as the Joule (J) unit of work.

An object's kinetic energy can be associated with its mass and velocity with the formula,

Kinetic Energy

Kinetic energy is the energy that objects
possess due to their motion.

KE = l??ﬂ’z
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m = mass (kg)
v = velocity (m/s)
KE = Kinetic energy (J)




If the force is in the same direction as the displacement of the object, this formula for
kinetic energy can be discovered from the equation for work. This formula relies on the
formula of kinematic.

v,° =v,? 4 2a,(x— x,)

The position change (x-x0) is equivalent to the magnitude of the displacement, d. The
formula can be rearranged for acceleration, a,

Force is equal to the mass of an object multiplied by its acceleration, so the force is,
F=ma

This force formula can be replaced by the work formula,

W=Fd
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The work performed by force on an object is therefore equivalent to the shift in the
kinetic energy of the object,

W=K, K,



The Greek uppercase letter ("delta") is used in this formula to mean "change in."
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Work can be used to comprehend the energy of many objects experiencing forces. The
work needed to extend a spring is one instance. If the object's displacement magnitude
is marked x, and this represents the displacement away from a position of equilibrium
x=0, the force required to pull the object on the spring to a position x is,

F = kx

The constant k in this equation is the spring constant, which is different for every spring.
The spring constant has units Newtons per meter, N/m. The work required to pull the
spring from any starting position x, to a final position x, is,

» Power

Power is a work rate. It is a measure of how fast work is being accomplished. For a
quantity of work W performed in time t, the power performed is,

— | —
av t
The energy unit is the Watt (W) equivalent to one Joule per second,
1W=1J/s
Power can also be expressed as force F times velocity v. Because work is provided by

force times range, W = Fd, and velocity is distance divided by moment, v=d /t, energy is
then,






