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2.3: Work

Definition of Work

work, W, is a transfer of energy from one physical system to another via a force acting between the two
through a distance. Only the part of the force that acts parallel to the displacement contributes to work.
The general algebraic expression for work done along a path s from point A to B is:
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The "-", known as the dot product, in the equation above means that only the component of force that is parallel to the path
contributes to work. When the force is constant along some displacement, Az, Equation 2.3.1 simplifies to:
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W =|F ||Az|cosf (2.3.2)
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where | F' | is the magnitude of the force, | Az| is magnitude the displacement vector, and @ is the angle between these two vectors
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as shown in the figure below. The term, | F' | cos 6, determines the amount of the force that points in the direction of displacement.

Figure 2.3.1: Force and displacement resulting in work.
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When Does Work Happen?

In order to accomplish work on an object there must be a net force applied on the object, and the object must move in the direction
of the net force. If either of those conditions are not met, then there is no work. For example, if an object is traveling freely with no
forces acting on it (such as a comet moving at constant speed in outer space far from other objects), there is no work being done on
the object despite it moving through a distance. The reverse is also true: if an object has forces acting on it, but is not moving (as in
the example of two people pushing on a table with equal but opposite forces), there is also no work being done on the table. What
matters is the net force, not the individual ones. There is one last way for no work to be done. Imagine someone carrying a weight
across a room while walking at a constant speed. Your intuition may be tempted to tell you that there is a force being exerted
through a distance, and therefore work is being done, but as is often the case in physics, your intuition would be wrong! The force
you exert while carrying an object is entirely up, but the displacement while walking is completely horizontal. The best way to
improve your intuition about work is to work through examples, apply the definition, and see where it leads you.

Like heat, work is a scalar (i.e., has no direction associated with it) and is measured in the SI unit of energy, joules. A joule is
equivalent to a newton-meter, or J = N-m, since a newton is the SI unit of force.

Consider a box being pushed horizontally along a frictionless surface as shown in the figure below.

Figure 2.3.2: Horizontal force on a box.
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The person exerts a force on the box, and we observe the box moving with an increasing speed along the surface. This force results
in work being done on the box, since the force is in the same direction as the displacement d, and there are no other horizontal
forces acting on the box. The work being done implies that the energy of the box must be increasing. From Equation 1.2.1, we
obtain AEy,; = W . The next question we want to ask is what type of energy is changing? The physical property we observe
increasing is the speed of the box. The energy associated with speed of objects is known as kinetic energy, KE, where speed is its
indicator.

In another example, a person lifts a ball vertically.

Figure 2.3.3: Vertical force on ball.
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In this example we assume that the speed of the ball is zero before and after it is lifted. The person does work on the ball, since a
force by the hand on the ball is exerted in the same direction as the displacement d on the ball. Thus, the energy of the ball must
have increased in this interval. What type of energy is this? The only physical characteristic of the ball that changed is its height,
since the speed remained at zero. The energy associated with height is known as gravitational potential energy, PE,, where height
is its indicator.

Another system we will study intensively in this course is the spring-mass system. In the figure below a mass attached to a spring
(spring-mass system) is mounted to a wall. When there is no force acting on the spring-mass ("before" in the figure), we say that
the spring-mass system is in its equilibrium position. In the particular interval shown in the figure, a horizontal force is applied on
the spring-mass displacing the spring-mass by a distance d from equilibrium.

Figure 2.3.4: Force on a mass attached to a spring.
Before

Again, we assume that the speed of the mass remained zero, while the person holds the mass in place when stretched. Work is
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being done since the force, F', is in the same direction as the displacement d. The physical characteristic that changes in this
particular interval is the displacement from equilibrium of the spring-mass system. We call the energy associated with this change,
the spring-mass potential energy, PEgp, where displacement from equilibrium is its indicator.

Note, the indicators for both potential energies introduced here, PE; and PEgp,, depend on the position of the physical system. We
will look at these three energies in greater detail in the coming sections.
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