Teaching with
Physletse: Examples
From Optics

esearch on problem solving!*# indicates
that students often approach typical end-
of-chapter problems with little regard to
the conceptual underpinnings of the
problem. They direct most of their efforts at finding a
formula that contains the variables given in the prob-
lem statement. A number of strategies> have been
suggested to help students develop a more expert-like
approach toward problem solving. These strategies
generally guide students through various steps of solv-
ing a problem in an effort to help them learn to con-
ceptualize and define a problem before attempting to
plug in numbers. Another approach is to give stu-
dents alternative problems that discourage novice
problem-solving approaches. For example, context-
rich problems!? are phrased in terms of a story, often
give students more information than is necessary, and
do not explicitly state the variable to be solved for.
Another example of alternative problems is estimation
problems,!! which are understated, requiring the stu-
dent to bring his or her own information to the prob-
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lem. We use Physlets® to create alternative problems
that we believe can help students better develop their
problem-solving abilities and deepen their conceptual
understanding.

The Pedagogy of Physlets

A Physlet is a scriptable Java applet developed at
Davidson College. There are currently 24 Physlets
that have been used by various instructors to script
thousands of problems and questions. These prob-
lems and questions provide almost complete coverage
for introductory physics,'? as well as topics from up-
per-level courses such as quantum mechanics.!> Once
a Physlet problem is scripted, it is easily delivered over
the web on an HTML page. More details about creat-
ing Physlet problems, setting up an HTML page to
deliver the problem, and a collection of ready-to-run
problems can be found in the Physlets book' or on
the Physlets website.!?

An example of a seemingly straightforward Physlet-
based problem is shown in Fig. 1. In this particular
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Fig. 1. Find the focal length of the mirror. Mouse coor-
dinates are given in the yellow box.

problem students see the applet as shown in the figure
and are told, “A point source is located to the left of a
mirror. You can drag this point source to any posi-
tion. Coordinates are given in centimeters. Find the
focal length of the mirror.”

Notice that students are not given any variables.
They must determine what information is relevant to
answer the question (Where does an incoming parallel
ray cross the principal axis?) and then interact with
the Physlet to get that information (in this case, at x =
2.4 cm). They can then use this information to solve
the problem. The student must also find the location
of the mirror to determine the focal length. A “plug-
n-chug” approach will not be effective in this problem
as there is nothing to “plug” until some conceptualiza-
tion of the problem has been done. It is also impor-
tant to note that while the problem contains no overt
“givens,” it provides the means to access a plethora of
information, most of which is unnecessary for the so-
lution. Just as with real-world problems, the students
must decide how to focus their efforts and what infor-
mation to ignore.

Now, you may argue that the Physlet is unneces-
sary. After all, the problem can be asked and solved
with just a picture and a ruler. But such an argument
misses an important point. Students cannot interact
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with a static picture. We have seen the benefit of in-
teractivity in three very specific ways: the ability of
the students to be creative, the learning opportunities
provided, and the likelihood of students demonstrat-
ing misconceptions.

In the previous example, a solution was suggested
based on finding where a parallel ray crossed the prin-
cipal axis. If a static picture was all students had to
work with, then that solution would be the only
method available. However, when working with the
Physlet, students have the freedom to look at the
problem from alternative angles. If a class is presented
with this problem, it is likely that a portion of the
class will obtain a correct answer by moving the source
along the principal axis to the point where all rays
leaving the source are reflected parallel, thereby identi-
fying the focal point. There are also other methods a
student could use to obtain a correct answer. Physlet
problems allow for creativity on the part of the stu-
dent that is difficult to replicate in a paper-based
problem.

We have also found Physlet-based problems to be a
benefit to students because of the increased visualiza-
tion. In the previous example students did not need
to move the source, but they could (and, in fact, virtu-
ally all of them will). As they interact with the applet,
they are seeing the effect of their actions. This allows
for learning to take place that is somewhat separate
from the solving of a specific problem.

The Physlet problem is often superior to a paper-
based problem because the ability to interact with the
applet gives students many different tracks to follow
and hence improves assessment. For example, a por-
tion of students encountering the previous problem
will arrange the source in some version of what is
shown in Fig. 2.

The students will then declare that x = 0.62 cm is
the focal point since the rays converge at this point.
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Fig. 2. A point source on the principal axis with rays con-
verging behind the source.

Fig. 3. (a) What is behind each curtain? (b) Rank the
objects in terms of their focal lengths from smallest to
greatest.

However, these students are incorrect because x = 0.62
cm is not where parallel rays would converge, which is
how a focal point is defined. Had the students been
given a traditional problem that did not allow them to
interact, this misconception would not have been so
apparent. It should also be noted that students with
this misunderstanding could easily dispel it them-
selves by noting that the point of convergence
changed as the point source was moved. Since the
location of the focal point is constant, this should help
them refine their understanding.

We believe Physlet-based problems offer advan-
tages over paper-based problems even when the
Physlet is not integral to solving the problem. How-
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ever, the dynamic and interactive nature of Physlet-
based problems allows for the creation of problems
that could not be asked using paper alone. Re-
search®1® indicates that the greatest benefit of Physlet-
based problems and questions will come when inter-
acting with the Physlet is essential to the solution.

Further Examples from Optics

We have developed a number of problems where
students are given a source (point, infinite beam, or
object) and a region hidden from view. They are
asked to determine what optical element is behind the
curtain. In the example shown in Fig. 3, students are
shown four such regions, asked to identify what is be-
hind each curtain, and then asked to rank the objects
in terms of their focal lengths.!” Students can move
and resize the sources.

In this particular problem, different types of
sources are used so that students must utilize their un-
derstanding of each. For Curtain A, students must
change the location of the object and note that the
image is always on the same side of the mystery ele-
ment as the object. At this point it is reasonable for
the students to guess that a diverging lens is behind
the screen. Further manipulation of the location and
height of the object confirms this assertion. For Cur-
tain B, students need to note that the element has no
effect on the light. There is nothing behind Curtain
B. Curtains C and D both contain converging lenses,
which students could deduce by observing the direc-
tion incoming rays are bent.

In order to rank the focal lengths of the mystery
objects, students must first recognize that the focal
length of the diverging lens is negative and that it is
positive for the two converging lenses. This makes it
unnecessary to calculate the actual focal length of the
diverging lens, though it could be done easily by not-
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Focal Length of Eye System (arbitrary units) 'l+1

Fig. 4. Is the eye represented in the above applet nor-
mal, nearsighted, or farsighted? What power eyeglass-
es should be used for normal vision (can see far-away
objects with eyes relaxed and also focus on an object at
x = 2.0, in arbitrary units).

ing the locations of the object and image, and using
the lens equation. The focal lengths of the two con-
verging lenses can be compared by noting where par-
allel rays converge.

This type of problem can be used to probe stu-
dents’ understanding of geometrical optics. It is easily
modifiable, resulting in an almost limitless number of
similar problems that could be created and tailored to
a specific classroom.

Students are usually motivated by problems they
see as relevant to their everyday lives. Our students
found the Physlet problem shown in Fig. 4, relating to
the eye and corrective lenses, to be exciting and rele-

Focal Length of Eye System (arbitrary units) ;+1

Fig. 5(a). Light from very far away is focused in front of
the retina.
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Focal Length of Eye System (arbitrary units) i+0.808

Fig. 5(c). A source at the near point can be focused at
the back of the retina.
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vant, and claimed it helped them to visualize the func-
tioning of the eye. In this question, students are asked
to check vision and prescribe eyeglasses. Students can
add near or far sources of light and see the interaction
with the eye. They can use the slider at the bottom of
the applet to change the focal length of the lens sys-
tem of the eye to simulate the eye’s ability to accom-
modate. The eye is not shown to scale, and units are
arbitrary because the actual scale is too small to allow
the functioning of the eye to be noticeable.

In order to answer the question, students must de-
termine if a far and/or near object can be focused on
the back of the retina [see Figs. 5(a), 5(b), and 5(c)].
In this case the person can focus on near objects but
not far objects, so he/she is nearsighted. Then, a lens
simulating eyeglasses must be inserted to determine
the type of lens and its focal length [Fig. 5(d)]. Stu-
dents can then verify that near objects can still be seen
with the eyeglasses on.

In order to answer this question correctly, students
must have a strong conceptual understanding of the
operation of lenses, especially as that operation relates
to the optical system of the eye. Students who have
this understanding can easily answer this question.
Students who have misunderstandings will find it dif-
ficult to answer the question. We used this question
on an exam and found it to be beneficial for assessing
student understanding,.
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Focal Length of Eye System (arbitrary units) ho7

Fig. 5(b). The eye cannot accommodate to focus the
light at the back of the retina.

Focal Length of Eye System (arbitrary units) +1

Fig. 5(d). Eyeglasses with a diverging lens of focal
length -4.5 (arbitrary units) can be used to focus light
from a faraway source at the back of retina.
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Index of refraction of surrounding medium +1

Fig. 6(a). What is the index of refraction of the lens?

Index of refraction of surrounding medium +1.804

Fig. 6(b). When the index of refraction of the sur-
rounding medium is 1.8, light is unaffected as it passes
through the lens.

Another type of question that can be asked involves
the index of refraction. In this particular example,
shown in Fig. 6, students are presented with an applet
that displays a point source and a lens. The index of
refraction of the medium surrounding the lens can be
changed. As the index of refraction is changed, the
color of the background varies as a visual clue to the
index change. Students are then asked to find the in-
dex of refraction of the lens. In order to determine the
index of refraction of the lens, students can change the
index of refraction of the medium surrounding the
lens until the light passing through the lens is unaf-
fected. At that point, the index of refraction of the
lens must be the same as the index of refraction of the
surrounding medium.

Although this is a fairly easy problem for students,
the process of solving the problem can help students
to develop their understanding of refraction and lens
operation. The problem reinforces the idea that lenses
work by means of a different index of refraction from
the surrounding medium. It can also be used to help
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students see that a “converging” lens is only converg-
ing if placed in a medium where the index of refrac-
tion of the medium is less than that of the lens. A
glass lens in air will be converging, but if the same
glass lens is placed in a medium of higher index of re-
fraction, it will act as a diverging lens. These issues are
important for developing a conceptual understanding
of lenses but are often glossed over in traditional in-
struction.

The last example of an optics-based Physlet is not a
problem but rather a simulation that can be used as a
traditional ripple tank. Unlike a physical ripple tank,
the applet creates no mess and can be made accessible
to students outside of class. The interface of this
demonstration is shown in Fig. 7. The demonstration
can be used in class or as an out-of-class tool for stu-
dents to play with as they construct their understand-
ing. It can also be used to construct a number of relat-
ed problems.

The applet allows the user to create any number of
wave sources, put them at any location, and specify
their amplitude and phase. The wavelengths of all the
sources must be the same but can be set to a desired
value. When the applet plays, waves can be seen mov-
ing away from the sources, just as with a ripple tank.

A number of questions can be derived from this ap-
plet regarding interference effects. For example, we
use the ripple tank demonstration to create an inter-
ference pattern and then ask the students to determine
the relative phase of the sources based on the pattern
generated. Alternatively, students could be asked to
determine the separation of sources in terms of the
wavelength of light by considering the pattern gener-
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Fig. 7. An applet to demonstrate interference effects.
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ated. Students often have tremendous difficulty con-
necting interference effects with a difference in path
length.!® The ripple tank can be used to give them
practice in analyzing interference effects separate from
the double-slit experiment, whose results they often
memorize and apply without understanding.

Obtaining the Problems

All of the problems mentioned in this article, as
well as many other resources, are available on the
Physlet resources site.!” The examples in this paper
can be found in the link to “Davidson Optics” under
collections. In addition, many other Physlet problems
and questions are found on the general Physlet web-
site and on the CD that accompanies the previously
mentioned Physlets book. Once the problems are ob-
tained, they must be properly set up to run. Instruc-
tions for how to do this can be found on the Physlet
website and/or in the Physlets book. Although the
Physlet name is a registered trademark, Physlets and
Physlet problems can be used without charge for non-
commercial use.

We are currently developing an extensive collection
of ready-to-run Physlet-based problems and questions
covering all topics in introductory physics. We expect
this collection, which will include the problems dis-
cussed here, to be available in the Physler Workbook
from Prentice Hall by August 2003.
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