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Energy and Work

Energy is one of the most perva-
sive and useful concepts in physics.

Students surely deserve a clear defini-
tion of it, just as they deserve clear
definitions of mass, acceleration, etc.
But many physics textbooks, along
with a recent article in these pages,1
prefer to leave energy undefined.

It is not difficult to define energy.
It’s the ability to do work. Quantita-
tively, a system’s energy is the amount
of work it can do. Some have object-
ed to this definition on the grounds
that mechanical energy is partly
transformed into thermal energy in
all real processes, and the second law
of thermodynamics tells us that ther-
mal energy cannot be entirely used to
do work.? But, as has been correctly
pointed out by others,? the definition
should be understood as referring to
the amount of work a system could
do under #deal conditions. In the
case of thermal energy, the idealized
conditions include the limit of heat
engine exhausts approaching 0K.
Other physical laws involve similar
idealizations. For example, no mate-
rial object in the real universe experi-
ences absolutely no external forces,
although this is precisely the situa-
tion imagined in Newton’s first law.

Quantum zero-point energy
might be an exception to the “ability
to do work” definition, although in
light of the accelerating universe and
dark energy this situation is murky at
present. In any case, this exception
can be pointed out to students of
quantum physics.

Although most introductory text-
books specializing in energy define
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energy as the ability to do work,* my
own quick survey of 22 introductory
physics textbooks tallied only six that
defined energy this way, and 16 that
provided no general definition.> Sev-
eral of these 16 even emphasized that
“there is no completely satisfactory
definition of energy,” and that we
can only “struggle to define it.” Such
statements are likely to discourage
students. These 16 textbooks that
provided no general definition gave
instead formal definitions of the spe-
cific individual forms of energy, for
example, “kinetic energy is defined as
(1/2)mv2.” This reduces the princi-
ple of conservation of energy to some
equivalent of the following
statement: “Every physical system
has associated with it some conserved
quantity having the dimensions of
(1/2)mv2.” This statement is true
enough, but for sophomores it is not
physically very meaningful.

The “ability to do work” defini-
tion gives students something to
hang their hats on, so that specific
energy forms take on a physical, as
opposed to a formal, meaning. This
definition unifies energy’s various
forms while highlighting its societal
importance: It can do work!
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Physics Not Misfigured

It is apparent from his letter in the
March issue of 7PT that Robert
Weinstock! did not examine the tra-
jectories in my January “Figuring
Physics”? carefully enough. I find it
difficult to understand how he came
to the conclusion that the launching
angles were drawn as being equal, es-
pecially since my answer explicitly
used inequality of the angles. As far
as correctness of the art work, all that
is necessary is that both trajectories
be parabolas, any parabolas, with one
taller than the other and with com-
mon beginning and ending points.
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Editor’s Note

Normally when we receive a letter
criticizing a published paper, the au-
thor is immediately given the oppor-
tunity to submit a response. Due to
an oversight in our office, Paul
Hewitt was not offered that opportu-
nity and so the letter above consti-
tutes his belated reply.

We received another letter dealing
with this matter from Robert Romer
of Amherst College. Romer exam-
ined Hewitt’s figures! and concluded
that they are carefully and correctly
drawn, and that Professor Wein-
stock’s assertion that Hewitts Fig. 2
“represents a physically impossible
occurrence’ is incorrect.

Weinstock? writes that Hewitt’s
“Fig. 2 shows the two initial velocities
to have the same or very close to the
same direction....” and then argues, in
effect, thatif R, = Ry and if 6, = 6,
then it must be the case that H, = Hj,
and since Hewitt’s Fig. 2 clearly shows
that H, # Hy, the figure is incorrect.

Romer notes that “the same” and
“very close to the same” are not syn-
onymous and that in this case the
distinction is all-important. He ob-
serves that the two angles drawn by
Hewitt are clearly unequal (6, # 6;),
and thus WeinstocK’s criticism is in-
valid. Romer measured the angles
with a protractor and found 6, = 81°
and 6 = 84°. As a further check, he
used the fairly well-known relation-
ship? between the initial launch angle
0, the range R, and the maximum
height H reached by a projectile in
the case of negligible air resistance,
tan 0 = 4H/R. From ruler measure-
ments of / and R on Hewitt’s figure,
he found 6, = tan™! (4H/R) = 79° and
0y = 84°, not significantly different
from his protractor measurements.

Though 6, and 6, are equal to within
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about 5%, their tangents difter by a

factor of 1.5 or more, and given the

uncertainties in the determination of

the angles, this is consistent with

Hy/H, =1.77, as found from his ruler

measurements on Hewitt’s Fig. 2.
Romer goes on to add that this dis-

cussion may offer some valuable

lessons for all of us. The most obvi-

ous one is that the distinction be-

tween “equal” and “nearly equal” can

be very important. One must be es-

pecially careful when the quantity we

are interested in depends sensitively

on the measured variable, for in-

stance, tan 0 or cos O when 0 is close

to 90°. He cautions that a question

in the form of: “Is it a good approxi-

mation to ...2" is not, by itself, a

meaningful question. The first re-

sponse should always be: “Why do

you want to know?” A familiar stu-

dent question refers to neglecting air

resistance, which is

often an excellent

approximation but

often is not —

think of yourself as

an outfielder posi-

tioning yourself to

catch a fly ball. He

offers another ex-

ample from less ele-

mentary physics:

“We know that the

magnitudes of the

charges of the pro-

ton and electron are

known to be equal*

to within one part

in 102!, yet a defini-

tive experiment

showing even the

tiniest deviation

from exact equality

would have pro-

found implications

for physics at the most basic level.”

It seems that by drawing the para-
bolic paths in the way he did, Paul
Hewitt created an even better “Figur-
ing Physics” exercise. He might have
used launch angles differing by much
more than three or four degrees.
However, by drawing angles that dif-
fer by only a small amount, he led us
to do a lot more figuring.
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