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Work

Oxford Dictionary defines Work (an uncountable noun) as,

the result of an action; what is done by somebody

Encyclopaedia Brittanica defines Work in Physics as,

Work is a measure of energy transfer that occurs when an object is moved over a
distance by an external force at least part of which is applied in the direction of the
displacement.

Velocity, acceleration and force convey nearly the same meaning in physics as they do in everyday
life. But its not true for Work.

Let us assume that a force of same magnitude is applied to a body at rest then it gives rise
to two conditions,

• The direction of the force is such that the body doesn’t move.

• The direction of the force is such that the body moves.

Even though in everyday parlance we would say that we have done work in both cases, its not so
in physics.
In analyzing forces to determine the work they do, we have to consider the vector nature of forces.
We need to know how far the body moves on application of force if we want to determine
the work required to cause that motion.
Hence, in the second case work is said to be done and not so in the first case.

Work done by a Constant Force

A body undergoes a displacement r along a straight line when a constant force F acts upon it.
The force makes an angle θ with r .
The work W done on a body by a constant force F is the product of the component of the force
in the direction of the displacement and the magnitude of the displacement,

W = (F cos θ) r (1)
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This can be represented in vector form as,

W = ~F · ~r (2)

When the force is normal to the direction of dis-
placement of the body i.e. θ = 900, we find that
the work done by the force on the body is zero.
The sign of the work also depends on the direction
of Force relative to displacement.
The work done by the applied force is positive when
the vector associated with the component F cos θ
is in the same direction as the displacement.
It is negative when the vector is in the opposite
direction as the displacement.

Figure 1: Work done by a Constant Force

Work is an energy transfer; if energy is transferred to the system, work done W is posi-
tive and if energy is transferred from the system, work done W is negative.
When the force acts along the direction of displacement of the body i.e. θ = 00, we find that the
work done by the force on the body is,

W = Fr (3)

Work is a scalar quantity and its unit is force multiplied by length. Hence, dimension is
[
ML2T−2

]
and the SI unit of work is the newton-meter (Nm) or Joule (J). (In honour of the English
Physicist James Prescott Joule).

Work done by a Varying Force

Let us consider a body being displaced from xi to xf on application of a varying force.
Let us assume that the particle undergoes a very small displacement ∆x, then the x -component
of the force (Fx) remains approximately constant in this interval.

Figure 2: Work done by a Varying Force
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The work done by the force is given by,

∆W = Fx ∆x (1)

This is the area of the shaded rectangle.
The Fx versus x curve is divided into a large number of such intervals. Hence, the total work
done for the displacement from xi to xf is approximately equal to the sum of the areas of all such
intervals (as shown in figure (2b)),

W =

xf∑
xi

Fx ∆x (2)

If the displacements are allowed to approach zero, then the number of terms in the sum increases
without limit but the value of the sum approaches a definite value equal to the area bounded by
the Fx curve and the x axis,

lim
∆x→0

xf∑
xi

Fx ∆x =

∫ xf

xi

Fx ∆x (3)

The definite integral is numerically equal to the area under the Fx versus x curve between xi and
xf. Hence the work done can be expressed as,

W =

∫ xf

xi

Fx ∆x (4)

When the component Fx is constant, above equation reduces to

W = F x cos θ (5)

If more than one force acts on a particle, the total work done is just the work done by the resultant
force. If we express the resultant force in the x direction as

∑
Fx , then the total work, or net

work is given as,

Wnet =
∑

W =

∫ xf

xi

(∑
Fx

)
dx (6)

Work done by a Spring

Let us have a small block attached to the spring. If the spring is either stretched or compressed a
small distance (r) from its unstretched (equilibrium) configuration by a force F , it exerts on the
block a force of magnitude

Fs = −kr (1)

where r is the displacement of the block from its unstretched position and k is a positive constant
called the force constant of the spring.
The spring force always acts towards the equilibrium position (lets say r = 0 ). It is hence called
the restoring force.
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Let the spring be compressed so that the block is
at position r = -r1 and then released. Due to the
restoring force, the block will move from -r1 to r1
through r = 0 . It then continues oscillating back
and froth.
If the spring is stretched to r = r1 and then re-
leased, then the block moves back froth from r1 to
-r1 through r = 0 .
The work done by the spring force when the block
moves from r = -r1 to r = 0 is given by,

W =

∫ 0

−r1
Fs dr =

∫ 0

−r1
(−kr) dr

W =
1

2
kr2

1 (2)

The work done by the spring force is positive because
the force is in the same direction as the displacement.
The work done by the spring force when the block
moves from r = 0 to r = r1 is given by,

W =

∫ r1

0

Fs dr =

∫ r1

0

(−kr) dr

W = −1

2
kr2

1 (3)
Figure 3: Work done by a Spring

The work done by the spring force is negative because the force is in the opposite direction as the
displacement.
Hence, the net work done by the spring force as the block moves from r = -r1 to r = r1 is zero.

The earlier obtained work done by the spring force
corresponding to the displacement from r = -r1 to
r = 0 is given by the shaded triangle. Therefore,

W =
1

2
× base× height =

1

2
× r1 × kr1

W =
1

2
kr2

1 (4)

The work done for arbitrary displacement from
r = −ri to r = rf is given as,

W =

∫ rf

−ri
Fs dr =

∫ rf

−ri
(−kr) dr

W =
1

2
k
(
r2
i − r2

f

)
(5)

Figure 4
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