Defining Work

In the February issue of 7PT;!
Eugene Hecht makes a convincing
argument that energy should not be
defined as “the ability to do work.”
It is instructive to further elaborate
the connections between energy and
work. One can distinguish three
broad categories of the concept of
work (although some authors? have
suggested seven or more detailed
definitions):

(i) Center-of-mass work (sometimes
given the less descriptive name
pseudowork), which is the line
integral of the net force acting on
a system over the displacement of
the system’s center of mass. One
can sum over a set of systems to
build up a richer super-system of
interacting objects. Unlike the
other two work quantities below,
center-of-mass work is always
well-defined and straightforward
to compute. On the other hand,
while it is often computation-
ally useful in mechanics, it lacks
broad conceptual significance
and is often a priori excluded in
thermodynamics by confining
the discussion to internal energy
changes.

(ii) First-law work, in specific con-
trast to other energy transfer
mechanisms such as heat and
nonthermal radiation. It is what
Hecht is referring to when he
says, “Work is the mechani-
cal transfer of energy from one
system to another through the
action of a force applied over a
distance.” Such a definition is
pedagogically useful when intro-
ducing the first law of thermody-
namics, to illustrate different pos-
sible ways of changing the energy
of a system. In simple cases, such
as reversible processes acting on
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ideal gases, it is possible to cleanly
delineate work (compressions and
expansions using a piston) from
heat (thermal conduction and
blackbody radiation) exchanges.
But in more general situations, it
is difficult to decide what counts
as first-law work. For instance,
when a capacitor is connected

to a battery, does a mechanical
transfer of energy occur? Is the
collision of a fast-moving mol-
ecule with a slow one an example
of a force applied over a distance?
Introducing dissipative work3
(due to drag, turbulence, and fric-
tion) further muddies the initially
simple idea of first-law work.

(iii) To avoid such ambiguities, one
can invoke particle work.4 De-
fining it as the sum of the line
integrals of the net forces act-
ing on each particle (considered
broadly as in Hecht’s article to
include photons) in a system, it
is therefore equal to the total en-
ergy change; there is no need to
distinguish work from heat and
radiation in this view. Adopting
it as the most general definition
of work, one can conclude: Any
change in energy of a system is
due to work (that is, to forces act-
ing over displacements). This is
in full accord with Hecht’s com-
ment, “Force is the agent of all
change.”
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