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Welcome!



What is Physics?
I A fundamental science, concerned with matter, energy,

and fundamental interactions. A strong basis for many
other subjects.

I A presumptive science. It attempts to describe everything
from the smallest sub-atomic particles to the ultimate fate
of the entire universe.

I An experimentally-based science.
I Not arbitrary proclamations from authority
I Able to be independently verified (at least in principle). If it’s

wrong, it’s wrong!
I A problem-solving discipline. Physicists solve problems.

The processes you’ll use in this class are similar to those
that a wide variety of professionals use.

I NOT just a collection of facts and principles, but also the
framework within which we organize those facts, and the
process by which we study the physical universe.



Why Study Physics?

I Not to turn you into physicists (though I’ll be happy to
welcome anyone interested!)

I Yes: teach you how to apply the tools and techniques of
physicists.

I Yes: equip you with the knowledge of facts and
phenomena to provide the context in which you can apply
those tools.

I Yes: enrich your view of the world and the number of ways
available to approach challenges.

I Yes: Underscore the important role of science in
understanding the natural world, while appreciating both its
applicability and limitations.

I It’s fun!
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How Study Physics?

I Not just memorization.



LEARNING AND INSTRUCTION IN
PRE-COLLEGE PHYSICAL SCIENCE

THE FAR SIDE
Traditional teaching practices only

poorly reflect what is known about the
learning process. To improve science

education, teachers and scientists must
take note of the implications of

cognitive science.

Jose P. Mesfre

By GARY LARSON

Two main instructional practices are found in American
education: One is prevalent, while the other is emerging.
We have all experienced the prevalent practice, which
results from the so-called transmission model of instruc-
tion. In this model, students are exposed to content
through lectures, presentations and readings, and are
expected to absorb the transmitted knowledge in ready-to-
use form. Although it is not a model of learning per se, the
transmission model does make a pivotal assumption about
learning, namely that the message the student receives is
the message the teacher intended. Within this model,
students' difficulties in grasping a concept are interpreted
as indications that the presentation was not clear or
forceful enough to be understood (that is, the signal being
transmitted was either weak or garbled). Thus many
users of the transmission model believe that if they make
the presentation more lucid or persistent—for example, by
transmitting at a slower speed or in a louder voice-
students will eventually understand. Too often we are
inclined to believe that by speaking in shorter words and
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"Mr. Osborne, may I be excused? My brain is full."

sentences we can teach the big ideas in relativity to ninth-
graders; this is simply not the case if the students'
intellectual development is not at a level where they can
appreciate the subtleties of difficult concepts.

The transmission model is used largely by default
rather than choice, both because it is the instructional
method by which we were taught and because it may be
the only instructional method we know. Not only does it
have little theoretical justification, but there is mounting
evidence that it is not the most efficient method of
instruction.

Unlike the transmission model, the second major
instructional practice, which has emerged over the last
decade, begins with what is commonly termed the
constructivist model of learning, constructivist epistemol-
ogy, or simply constructivism.1"5 This model contends
that all of our knowledge is the result of our having
constructed it. The construction of knowledge is a lifelong,
effortful process. At any time, the corpus of knowledge we
have constructed makes sense to us and helps us interpret



How Study Physics?

I Not just memorization
I Developing an organized narrative
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crease students' understanding of the concepts involved
but to provide more detailed facts at successive grade
levels. New scientific words are presented in boldface type
to emphasize their "importance." The "main ideas" listed
in the back of each chapter are mostly definitions and
facts—not ideas.

Although rare, some texts contain useful explana-
tions of concepts, but these are not highlighted, nor are
students challenged to think about the underlying mean-
ing of the concepts. The coverage of a concept such as
"work" typically consists of a simplistic definition and a
couple of examples of situations in which work is being
done (for example, pushing a box along the floor). After I
recently read the unit on "work" in a typical elementary-
level textbook, I could not help but ask: So what? Why is
this useful? Why do I have to know this definition or fact?
How is this science?

Presented with these types of textbooks, an adult not
trained in science would conclude that science is a list of
facts and definitions to be committed to memory, which is
precisely how science is taught at this level.8 To teach in
the constructivist style from such a textbook, a teacher
would need to reorganize its presentation, emphasizing
the usefulness and application of concepts through an
inquiry approach. However, as has already been argued,
elementary school teachers lack the perspective to accom-
plish this reorganization.

At the middle school level, the size of the type gets
smaller, but the textbooks remain similar in style and
content to those used in the elementary grades. At the
very beginning of a popular text we are told that "Science
is the knowledge of all the facts that are known about the
world and the methods or processes used to learn or
explain these facts." True to this definition, the remain-
der of the book presents the facts of science. Furthermore,
laboratory activities in most middle school curriculums do
not promote a spirit of inquiry but rather are designed to
verify known phenomena, which promotes an authoritar-
ian view of science as a body of factual knowledge that is
revealed only if the scientific method is followed.22

In high school, teaching students to solve "textbook
problems" plays a major role in physics instruction.
Textbooks at this level portray problem solving as
algebraic manipulation and encourage a formulaic ap-
proach with minimal use of conceptual knowledge. Figure
3 shows a typical worked-out problem based on an example
found in one of the most popular high school physics
textbooks. Almost nothing in the worked-out examples
that appear in the popular textbooks allows a student to
gain a perspective on how to integrate conceptual knowl-
edge into problem solving. What impression is a student
to form about problem solving after reading countless
examples like this?

The answer to all five questions posed at the
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Ch. 1:1–3

These first 3 sections are worth a quick read.
I Section 1.1: The Nature of Physics
I Section 1.2: Solving Physics Problems
I Section 1.3: Standards and Units.



Ch. 1:4: Using and Converting Units

I Review scientific notation.
I Review unit conversions. We won’t do a lot of these, but

you should be comfortable using the various metric
prefixes.



Ch. 1:5 Uncertainty and Significant Figures

I All measurements have limitations and uncertainty. We
can only evaluate a theoretical prediction if we know how
certain the measurements are. This is the theme of our
first lab.

I Also, it’s important to know whether all of our underlying
assumptions behind the measurements are valid. This too
will be relevant in our first lab.



Ch. 1:5 Uncertainty and Significant Figures

I Practically . . .

I Ignore detailed significant figures rules for homework and
tests. Instead, we will explore and use uncertainties more
carefully in the lab.

I Avoid reckless rounding–don’t throw away information.
I Don’t give silly or misleading answers with meaningless

digits, such as 123.4567890123.
I Final answer: Aim for better than 1% accuracy (i.e. about 3

digits, typically.) For intermediate results, keep 4 or 5
digits–or store them in your calculator memory.
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Ch. 1:6: Estimates and Orders of Magnitude

This is just a quick discussion. We will encounter such ideas in
various contexts throughout the semester. It’s worthwhile to
read Example 1.4 to get a sense of the sort of problem being
considered.



What’s Next?

I We will look at sections 7–9 next class.
I We will return to section 10 later this semester.

I Log in to Mastering Physics, using the Course
Materials link on our Moodle page. This will verify your
account works.

I Explore the Study Area in Mastering Physics. There are a
number of useful resources for each chapter.

I Lab starts this week with an introductory meeting.
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	The Nature of Physics

