
geometry. Its lack of rotation in 
steady reverse flow results from a 
balance between the competing ef-
fects of the net water pressure on and 
momentum transfer to the elbows 
in the straws.2 When the analysis in 
Ref. 2 is extended to all three of the 
geometries investigated here, it cor-
rectly predicts the observed results. 
Instructors are encouraged to repro-
duce Fig. 2 on a transparency and ask 
their classes to predict the directions 
of rotation of the sprinkler in both 
forward and reverse flows.
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Carl Mungan
U.S. Naval Academy

Annapolis, MD 21402-5040 
mungan@usna.edu

Car Efficiency: Open 
Windows versus AC

In the 2005 March issue of The 
Physics Teacher1 the contributor 
of the Etcetera section fails to cite 
data to argue that automobiles run 
more efficiently with the windows 
open than with the air condition-
ing on. This is not physics and a bad 
example to students. I searched the 
literature and found only one set of 
data that measured the effect: Ward 
Atkinson, James A. Baker, and Wil-
liam Hill, “Mobile Air Conditioning 
Industry Overview,” from the SAE 
Interior Climate Control Standards 
Committee, Automotive Industry 
Executive Summit on Vehicle Cli-
mate Control Advisory Task Force 
(Feb. 2003), which one can find at: 
http://forum.europa.eu.int/Public/
irc/env/mac2003/library?l= 
/reference_material/mobileair_ 
summitpaper/_EN_1.0_&a=d.

I found no publication of ORNL 
(organization to which the author of 
the piece vaguely referred) that ad-
dressed the matter.

1.   Albert A. Bartlett, “A Persistent 
Myth,” Phys. Teach. 43, 179 (March 
2005).

Russell Bell
russell@rickstewart.com
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Author’s Response
Russell Bell wrote in regard to my 

piece on the relative efficiencies of 
cooling a car by opening the win-
dows versus cooling it by running the 
air conditioning system. He is quite 
correct in observing that I should 
not have quoted a result without giv-
ing the citation. I have searched my 
files for the paper I remembered, and 
I have concluded that I must have 
thrown it out in an office cleaning.  
My attempts to contact the person 
who alerted me to the report have 
been unsuccessful. In the near future 
I hope to submit a short piece to 
TPT for consideration for possible 
publication on the fundamentals of 
this issue and on some scattered re-
sults I have come across recently.

Albert A. Bartlett
Department of Physics
University of Colorado

Boulder, CO  80309-0390

Problematic Primer
In the January 2005 issue of TPT1 

Carl Mungan presented a primer 
about the work-energy theorem. In a 
rigorous and sophisticated analysis, 
he defines and differentiates center-
of-mass forces and energy compared 
with internal forces and energy. Un-
fortunately, most of my students in 
an introductory course do not have 
the sophistication necessary to un-
derstand these distinctions.

Mungan provides one example to 
make the approach more concrete. 
He proposes that for an assemblage 
of atoms (for instance in a Frisbee), 
the kinetic energy is ½mv 2 + ½Iω2 
+ 3

2 NkT . The internal energy is 
stored in atomic vibrations. Mungan 
assigns a kinetic energy of 3

2 kT to 
each atom. However, inextricably al-

Fig. 2. Three geometries of the straws 
as seen from above. For simplicity, 
only four straws are shown.
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lied to each of the three modes of ki-
netic energy of oscillation is an equal 
amount of potential energy. For 
steel, or other high Z material, that 
would make the energy of each atom 
equal to 3kT. But a Frisbee made of 
steel would be very dangerous. For a 
Frisbee made largely of carbon, the 
coefficient of kT should be about 2. 
Quantum effects reduce the specific 
heats of low Z materials, but that 
might be confusing to freshmen. The 
primer has a peculiar view of rolling 
friction, one that is common in many 
introductory texts. Rolling friction 
is attributed to static friction. If that 
were the case, we ought to equip our 
cars with skids rather than wheels, 
since we all learn that the coefficient 
of sliding friction is less than that of 
static friction.

Any discussion of friction should 
be based on models of what is hap-
pening to the microstructure of sur-
faces. Thus we have sliding friction 
where molecular bonds are being 
formed and broken, and where rough 
spots on one surface are plowing the 
other surface. As is well known, such 
friction is independent of velocity 
over limited ranges and independent 
of surface area except in cases like 
skis on snow. Then there is friction 
between solids and fluids, or between 
fluids and fluids, which is not veloc-
ity independent. We must not con-
fuse these friction phenomena with 
static friction in which there is no 
movement and thus no mechanical 
energy is turned into thermal energy. 
However, when the sticking is over-
come, energy must be expended to 
pull the object out of the potential 
wells in which it is trapped. It is an 
inelastic process.

A cousin of static friction is trac-
tion. The former keeps you from 

moving until you are affected by a 
threshold force that overcomes the 
goo that constrains the motion. The 
latter is a repulsion or compression 
that keeps you from getting too close 
to another surface and shoves you 
away. Since there is never any stick-
ing, no energy is lost. It is an elastic 
process. It is traction, not static 
friction, that allows walking and 
provides the recoil force for circular 
roiling.

Finally, there is rolling friction. 
It is real but complicated. Usually 
its coefficient is less than one-tenth 
that of dry sliding friction. It is 
caused by deformation of the wheel 
or road bed, and the energy loss is 
absorbed by the wheel (tire) and bed. 
The complications and analysis are 
described in the chapter on friction 
in Teaching Introductory Physics by 
Swartz and Miner.

1.   Carl E. Mungan, “A primer on 
work-energy relationships for intro-
ductory physics,” Phys. Teach. 43, 
10–15 (Jan. 2005).

Clifford Swartz
Physics and Astronomy Department

Stony Brook University
Stony Brook, NY  11794

Author’s Response
The introduction to my paper 

spells out a particular objective: 
to clarify the terminology used in 
standard textbook treatments of 
work and energy. Although Clif-
ford Swartz describes my analysis as 
“sophisticated,” the equations in my 
paper (ignoring qualifiers such as 
subscripts, which have been added to 
distinguish terms) appear in most in-
troductory texts. I am not changing 
the established pedagogy but, rather, 
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I am harmonizing it. The examples I 
chose are therefore purposefully con-
ventional and intentionally use the 
usual simplified models of friction,1 
springs, and the like. I disagree that 
“any discussion of friction” needs to 
be based on detailed models of “the 
microstructure of surfaces.” Teaching 
proceeds from simpler to richer con-
cepts and levels of approximation.

However, if Swartz (or anyone 
else) wishes to explore models of spe-
cific heat and microscopic views of 
friction with introductory students, 
I say go for it! Evidence shows that 
it can be done: There are field-tested 
resources such as Chabay & Sher-
wood’s textbook2 that permit one to 
do this even in a first physics course.

The bottom line is that it is up to 
an instructor to decide whether to 
invest the class time needed to ex-
plore work and energy (or any other 
topic) in rich detail. However, even if 
one chooses not to do so, it behooves 
educators to enrich their personal 
knowledge store about basic textbook 
concepts. For instance, consider Ex-
ample 13 in Chapter 6 and Example 
5 in Chapter 15 of the popular alge-
bra-based text by Cutnell & John-
son.3 The first example computes 
the nonconservative work done on a 
roller coaster; this is center-of-mass 
work. The second example calculates 
the work done by an ideal gas during 
a quasistatic isothermal expansion; 
this is particle work. Properly inter-
preted, neither example is wrong; it 
is a matter of clearly defining in each 
context what is meant by the term 
“work.” Based on this enlightened 
viewpoint, each teacher can then 
make informed decisions about what 
to teach and how.
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Begin with Optics
In his letter to the editor [TPT 42, 

(Oct. 2004)], George Horton points 
out that kinematics may not be the 
best starting point for an introduc-
tory physics course. Horton suggests 
starting with statics. That’s not a bad 
idea, but I have a better one.

In thinking about this same prob-
lem many years ago when faced with 
a lower-level high school physics 
class, I decided to begin with optics.  
I set up a large concave mirror with a 
light bulb concealed in a box so that 
the bulb’s real image was above an 
empty socket on top of the box, and 
arranged for it to be the first thing 
students saw as they walked in on the 
first class day.  It was a much-needed 
attention grabber; students had great 
difficulty hiding their amazement as 
the bulb seemed to disappear as they 
shuffled toward their preferred seats 
in the back of the room.

In our first unit we worked on ray-

tracing with pins and mirrors. The 
only mathematical stuff involved 
similar triangles.  Those exercises 
prepared students well for the vector 
diagrams involved in statics. Students 
began to think about describing di-
rections and measuring angles, neces-
sary skills in all future work.

Another advantage to starting 
with optics is the restoration of con-
tinuity. I never liked starting a unit 
on optics at any point later in the 
course because it seemed to require a 
complete break with what had gone 
before. I find it more satisfying for 
one topic to lead into the next, with 
each one requiring the use of some 
skills or principles developed in the 
previous unit. Putting a rudimentary 
optics investigation at the beginning 
makes that possible.

Art Hovey
Retired high school physics teacher

In Support of Another 
Modest Proposal–I

We found ourselves in complete 
agreement with George K. Horton 
(“Another Modest Proposal,” Oct. 
2004) about the pedagogical advan-
tages of starting introductory phys-
ics with forces and vectors rather 
than with kinematics.  We wanted 
to let readers of TPT know that our 
textbook College Physics uses this 
approach.  More information about 
College Physics is available at http://
www.mhhe.com/GRR.

Alan Giambattista
Betty McCarthy Richardson
Robert C. Richardson

Department of Physics
Cornell University
Ithaca, NY 14853
GRR@cornell.edu

In Support of Another 
Modest Proposal–II

Regarding George K. Horton’s 
letter entitled “Another Modest Pro-
posal” in the October 2004 issue of 
The Physics Teacher : Teaching statics 
before kinematics is a good idea and 
I believe that some teachers and au-
thors have been using this approach 
for years. For example, the very 
popular textbook University Physics 
by Sears and Zemansky started with 
statics. Kinematics started in Chap-
ter 4.  This gave the students time 
to learn some calculus (which they 
usually took along with the physics) 
before they studied motion.  I taught 
physics using the 4th edition (1970) 
and I found this approach to be bet-
ter for my students.

William DeBuvitz
8 Deerfield Road

Mendham, NJ 07945
joanbill8@nac.net
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