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SOME CONTENT ISSUES

7.1 INTRODUCTION

I have delayed a discussion of content issues until now for two reasons. 
First, the Six Ideas curriculum is not primarily about changing either the topics 
taught in introductory physics nor the order in which these topics are taught. 
These course materials are primarily about providing you with new and 
(hopefully) more effective ways of teaching introductory physics, as discussed in 
the previous chapters of this manual. Second, the issue of which topics are in-
cluded and which are left out is a contentious one, and it is easy for arguments 
about this to dominate discussion of new curricula. I did not want this issue to 
cloud the discussion of the other important features of the course.

It is finally time, however, to face this issue. The purpose of this chapter is 
to discuss why I have chosen the topics that I have, and why I have placed them 
in the order that I have.  I will do this by addressing the following questions:

Why so much time on relativity? (see section 7.2)
Why do relativity before E&M? (see section 7.3)
Why no geometric optics? (see section 7.4)
Why do nuclear physics in unit Q? (see section 7.5)
Why do thermal physics last? (see section 7.6)
Why do the conservation laws first? (see section 7.7)

My aim here is not only to justify and clarify my choices but to help you 
better understand the structure of the course.

7.2  WHY SO MUCH TIME ON RELATIVITY?

At first glance, spending nine or more class sessions on special relativity 
seems absurd. Special relativity has virtually no applications to everyday life, 
and the vast majority of students in a typical introductory physics class will ne-
ver see or use this material again. It is true that physics majors need some intro-
duction to relativity, but they typically get some exposure in one or more upper-
level courses. Why then spend so much precious class time on relativity?

There are four important reasons for doing this. The first and most impor-
tant is that students are excited by relativity. This is one of the most robust re-
sults of our trials of the course, both at Pomona and elsewhere. On evaluations, 
students are more consistently enthusiastic about unit R than about any other 
unit in the course. At least two professors participating in early trials who were 
very skeptical about unit R came away convinced in the face of the overwhelm-
ing student response.

Secondly, we have found that we have to spend two to three weeks on relati-
vity to get this kind of positive reaction. One of the things that students really 
enjoy about the unit is seeing how the strange and counterintuitive results of re-
lativity (about which they have already heard) are logical consequences of simple 
ideas and really make sense when viewed in the correct way. (Normal one-chap-
ter treatments of relativity, which are focused primarily on the results and not on 
the logic of relativity, leave students comparatively cold.) Building the genuine 
understanding that drives this enthusiasm requires at least two weeks.

Thirdly, special relativity offers a nearly ideal illustration of the theoretical 
side of physics. No other topic displays how powerful and beautiful theoretical 
reasoning can be without also involving difficult and obscuring mathematics. 
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Studying relativity thus provides an excellent opportunity to explore the theore-
tical side of physics.

Finally, relativity is one of the greatest and most famous triumphs of hu-
man creativity in the 20th century. Omitting relativity from an introductory 
physics course is almost like having students complete a curriculum in English 
literature without encountering Shakespeare. Why not proudly show our students 
some of the very best that physics has to offer?

7.3  WHY DO RELATIVITY BEFORE E&M?

Most courses, when they talk about relativity at all, present electricity and 
magntetism and relativity in their historical order. In developing relativity, Ein-
stein in fact drew heavily on his understanding of Maxwell’s equations and his 
intuition that these beautiful equations ought to be frame-independent, and a few 
introductory treatments of relativity recognize this. The historical progression 
thus has a certain logic. Why then have I inverted its order in this course?

There are three reasons for this, two conceptual and one strategic. First, rela-
tivity most naturally fits into the mechanics part of the course. The principle of 
relativity, like the symmetry principles that lead to the conservation laws, is a 
fundamental principle upon which all modern physic is constructed. Unit R also 
both summarizes and extends the ideas presented in units C and N. This is easier 
to see if the unit directly follows the mechanics units.

Secondly, it turns out that relativity provides an ideal motivation for deve-
loping a field theory of electromagnetism and makes the fundamental issues in a 
relating the fields much clearer. This both energizes unit E and helps make it 
shorter. In chapters E12 and E13, having a background in relativity makes it 
possible for students to gain a much deeper and more flexible understanding of 
the relationship between electric and magnetic fields and the necessity for the 
time-dependent terms in Maxwell’s equations.

The strategic reason is that since we know that relativity is exciting for stu-
dents, it makes sense to cover it at the end of the first semester (if possible) so 
that they might be encouraged to continue taking the course the second semester.

7.4 WHY CUT GEOMETRIC OPTICS?

Cutting traditional topics from the introductory physics course is difficult 
and controversial, but is essential if we want to create space for more contempo-
rary topics. Still, none of the cuts that I have made in this course have generated 
more controversy than the omission of geometric optics, which (it would seem) 
has numerous applications in science in general. Why cut this topic?

There are at least three reasons. The most important of these reasons is that 
there is no obvious place for this topic in the Six Ideas structure. The link be-
tween geometric optics and Maxwell’s equations is tenuous: an extended treat-
ment of geometric optics at the end of unit E would seem almost like a separate 
unit. While unit Q provides a natural place for discussing physical optics (in-
terference and diffraction), geometric optics also seems out of place here. There is 
thus no easy way to include this topic without violating the integrity of the 
course. Part of the reason for the IUPP principle about giving the course a story-
line is that the storyline will help logically motivate necessary cuts. In this case, 
the Six Ideas storyline logically motivates excluding geometric optics.

Second, it is not clear to me that this topic has the importance that it once 
had. Few working scientists construct their own optical instruments today. In 
the rare case where a scientist really does need to construct or understand an in-
strument, there are many books that teach geometric optics, and the scientist 
will be more strongly motivated, and thus learn more, than a typical student in 
an introductory class. It seems to me that, on the basis of what scientists actu-
ally use today, one could make a far better case for teaching computer modeling 
in an introductory course than learning optics.
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Third, educational research has shown that (as in mechanics) students often 
have misconceptions about optics that are more naturally addressed by confront-
ing these misconceptions in the laboratory than by any amount of classroom 
instruction. At Pomona, we have developed a short sequence of lab exercises that 
provide an opportunity for students to learn some geometrical optics without 
spending class time on the topic.

7.5 WHY DO NUCLEAR PHYSICS IN UNIT Q?

Most introductory treatments of quantum mechanics apply the ideas develop-
ed to atomic physics. While the current edition of Unit Q does have a couple of 
chapters about atomic physics, I have chosen to emphasize nuclear physics as a 
primary illustration of the application of quantum mechanics. Why?

The most important reason is that nuclear physics is not only a tool that all 
types of scientists use with increasing frequency these days, but (because of the 
important political, social, and economic implications of nuclear power, nuclear 
weapons and nuclear medicine) it is something that every educated person should 
know something about. The great majority of students in an introductory phy-
sics will never take another physics course: this is the only opportunity that 
they will have to learn something about the physics of nuclear energy and radio-
activity. In this context, leaving out nuclear physics seems almost irresponsible!

A secondary reason is that nuclear physics (more nicely than atomic phy-
sics) draws on the tools of all the preceeding units, including the relativity unit. 
Thus this topic provides a good opportunity to review some of the most impor-
tant ideas in all of the previous units and illustrate their application in an area of 
physics of contemporary interest.

[As a final note, let me point out that the number of questions about nuclear 
physics on recent practice MCAT exams was about equal to the number of ques-
tions about geometrical optics!]

7.6 WHY DO THERMAL PHYSICS LAST?

In the traditional course, thermal physics is typically discussed near the end 
of the first semester, following the discussion of conservation of energy and 
fluids. In this course, thermal physics is the last topic in the second semester, 
following unit Q.  Why discuss this classical topic after quantum mechanics?

First of all, one should note that thermal physics is actually discussed twice 
in this course. The classical topics of temperature, internal energy, and work are 
discussed briefly in two chapters of Unit C near the beginning of the first semes-
ter. While these topics are reviewed and developed further in unit T, the main is-
sue in that unit is actually the statistical interpretation of entropy. The model 
system used to discuss this topic is the Einstein model of a solid, which as-
sumes that the atoms in a solid act like isolated harmonic oscillators. The fact 
that the energy levels of these oscillators are quantized is crucial in this applica-
tion. It therefore makes sense to do this unit after we have seen the quantum har-
monic oscillator in unit Q.

Secondly, there is a strategic reason for putting this unit at the end of the 
second semester. The unit on quantum mechanics is conceptually challenging 
and difficult for many students, whereas Unit T is comparatively easy. The year 
that we tried teaching unit Q last, we found that students were too stressed out at 
the end of the term to spend the time needed to appreciate and enjoy unit Q. 
Since we began putting unit T last, we have found that students both appreciate 
unit Q more and are finishing the course with less stress.

Finally, if the course has to be divided into three quarters instead of two se-
mesters, units Q and T provide a natural pair: unit Q is longer than the average 
unit, but unit T is shorter.
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7.7 WHY DO CONSERVATION LAWS FIRST?

When I first began this project, I started with Unit N and discussed kine-
matics, Newton’s laws, and conservation laws in the standard order. But a variety 
of forces have inexorably pushed me in the direction of inverting the order of 
units N and C. Recognizing this and commiting to this change took some time. 
As a result, I tested the inverted order for the first time during the fall of 1995. 
What are the forces that prompted this change?

Unit N is supposed to culminate with a discussion of planetary orbits. 
Several generations of testing and modification showed that we could both com-
press the discussion and make it much more transparent if we took advantage of 
the laws of conservation of energy and angular momentum.

About the same time, we began to recognize that a variety of indicators were 
telling us that our students understood conservation laws much better than they 
understood Newton’s laws. I think this is partly because conservation of physical 
stuff (like water) provides a concrete, vivid and easily-understood model for con-
servation laws, while the analogies lying behind Newton’s laws were more ab-
stract and mathematical. Moreover, the mathematics involved in applying con-
servation laws (as opposed to deriving them from Newton’s laws) usually invol-
ves simple algebra instead of vector calculus. Both of these reasons suggested 
that beginning the course with conservation laws would provide a better match 
to students’ developing intellectual and mathematical abilities and might prevent 
some students from crashing and burning at the beginning of the class.

When you stop to think about it, beginning with Newton’s laws presents a 
formidable intellectual and mathematical challenge, particularly to first-year stu-
dents concurrently enrolled in calculus. Within the first two or three weeks of 
class, they must learn about vectors and vector calculus and face the well-known 
conceptual challenges of Newton’s laws before they have even seen a derivative 
in their calculus class. In this light, it is perhaps not surprising that many stud-
ents come away from this course firmly convinced that they personally are un-
able to understand physics.

Finally, one of my main goals in this course is to help students understand 
the hierarchical organization of physical ideas. In standard texts, the laws of con-
servation of energy and momentum are treated as if they were derived from New-
ton’s laws. However, both Noether’s theorem and the development of physics in 
the 20th century have made it clear that these conservation laws are more funda-
mental than Newton’s laws, more fundamental in a certain sense than any of the 
particular theories of physics. I also began to realize that if I wanted students to 
come away with a solid understanding of only one idea in all of physics, I would 
want it to be conservation of energy. It makes sense, therefore, to start the 
course with the ideas that form the backdrop of all of physics. I also found that 
this approach makes easier to draw parallels between momentum and force, ener-
gy and work, and angular momentum and torque that I think are important and 
very useful for students.

The coincidence of all of these forces finally pushed me to consider inverting 
the order of these topics. (It is interesting that at least three or four other reform 
efforts, including the Physics in Context IUPP model, have independently come 
to the same conclusion.) Writing a presentation of mechanics in the new order 
proved more difficult than I imagined: I had to learn by trial and error the logic of 
doing it this way. You may find that you have the same difficulty adjusting to 
this perspective that I did, but I think the benefits make it very worthwhile. The 
trials of the course since the fall of 1995 (and particularly since 1998, where I 
ironed out some serious kinks in the text of unit C) have convinced us that this 
approach to newtonian mechanics works at least as well as the traditional ap-
proach, if not much better. (Note, for example, that the Force Concept Inven-
tory scores described in the first chapter of this manual, which reflect students’ 
understanding of newtonian mechanics, significantly increase after 1995.)

Studying orbital mechanics 
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