Descriptions of
Pedagogical Strategies

Kinesthetic Activities

There are a number of circumstances where having the students use their own bodies to represent aspects of the physical situation helps
them visualize the geometric situation, These kinesthetic activities are the most unusual of the interactive engagement activities used in the
Paradigms courses,

These activities break the typical norms of university classrooms, where students are rarely asked to mowve away from their notebooks, let
alone engage in "play”-like activities. Kinesthetic activities explicitly call for students to imagine themselves part of a physical system, and for
some students to mowve around in space. (Many students feel goofy doing this, which probably also increases their memorability and makes
them maore fun - see our article about the importance of laughter in the classroom). This use of imagination creates a convenient opportunity
to discuss the nature of physical modeling and idealizations.

A cognitive motivation for doing kinesthetic activities is to help students develop geometric reasoning skills. Many of these activities
emphasize spatial relationships and motion. The classroom and the students become a toy model of some interesting physical phenomenon,
and it is hoped that this concrete model encourages students to make connections between visualization and conceptual knowledge.
Furthermore, some cognitive theories describe a kinesthetic mode of learning &, based on experimental evidence that visualization and
kinesthetic experience are cognitively linked. From this perspective, kinesthetic activities reinforce students' visualization skills.

Faculty may not know how to implement unusual pedagogical
strategies. The wiki provides an easy way both to describe the
rational and provide tips for different strategies, but also to link to
classroom video and detailed narratives of specific examples.

Narratives Describing
Pedagogical Strategies

Opening a New Topic With a Small White Board Question
[00:03:11.29] - [00:08:57.06]

Liz began the new material by posing a small whiteboard question:

L: And the first idea we're going to talk about, we're going to talk about the idea of FLUX. On your small
white boards, write something that you know about flux.

She gave them about two minutes to form their responses. Picking up whiteboard responses to consider.
Liz moved around the room to see what the students were writing and/or drawing. As some were finishing,
she began picking up a few of the whiteboards and placing them, back side to the class, on the ledge of the
black board at the front of the room. By hiding what was written, she allowed the students still working to
continue without distraction. By taking care with how she placed the whiteboards, she also could choose the
order in which to focus attention as the class considered one board at a time

As Liz continued walking around picking up whiteboards that she wanted to discuss, she commended the students, “I am seeing lots of good things.” She
also made a joke that prompted student laughter, a way of diffusing some of the tension that can occur when students are asked to display what they do—or
do not—know.

Considering the first whiteboard. Liz began the discussion by holding up one of the whiteboards so all could see it. She read the inscription, “This one says
"The flux is the amount of field 'flowing' through an area.” After describing the drawing of a rectangular area with arrows pointing through it, she asked “What
do you think about this?”

A student responded with a comment about a perpendicular component. Liz acknowledged this by repeating his words, “something about a perpendicular
component.” The student continued with a statement about a cross product between a vector field and an area vector. Liz again repeated his statement

without comment. Rather than correcting the student directly, Liz initiated a conversation she had planned to have about the concept of ‘a piece of area.’

Narratives Describing
Specific Activities

Engaging Students in an Activity and Discussion to Demonstrate an
Abstract Concept

To illustrate the appropriate interpretation of flux in the context of
electricity and magnetism, Liz handed out some rulers and meter sticks
to students sitting near one another. She identified the rulers and meter
sticks as vectors and the set of them as the vector field. The students
held the rulers and meter sticks at different angles with respect to the
plane of the hoop as she brought the hoop near.

First she held the hoop so that some of the rulers and meter sticks
started in the plane of the hoop.

L: So | can think about flux as being the measurement of how much of
your vector, how much of my vector is pointing through my little gate. So
here | have some non-zero flux because at the points that lie along the
surface of my area there is some value of the field. ok?

Next she moved the hoop where there were no rulers or meter sticks:
L: If I move my area over here, there's no flux, no vector field.

Then, however, she moved the hoop where a meter stick poked through
the hoop but was held by a hand outside of the plane of the hoop.

L: What if | put my hoop here. Is there flux or no?

When some students answered, “yes,” Liz asked, “How can you tell?”
When a student responded, “There's a vector going through it,” Liz
asked, “What is the field at a point that's lying in my area ?”

Then she articulated the idea she wanted them to grasp, that the vector
started at a point outside the loop, “NOT in my area.” While
acknowledging confusion, she reiterated what she wanted them to
understand, that the base of the vector needed to be on the surface of
the area.

Reflections from Adopters
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You are here: start » activities » reflections » adopters » fluxconcept

Comment from S. Pollock {CU Boulder, visiting ©SU and teaching Paradigm "‘fector Fields], Nowv 2009:

| used this activity on day 1. It was quick, simple, and worked very well. | used a small hula-hoop for the "area®,
and passed out rulers to just one small cluster of 4 students. | gave them half a dozen rulers (4 of one size, 2
of another), and said "make a uniform field”. Happily, 2 picked small rulers, 2 picked big ones, and they held
therm up all parallel to each other. So other students immediately chimed in that this wasn't uniform in
magnitude.

Mext, | asked them to make a more jumnbled field, (but their hands were all on the desk], so | purposefully
lowered the hoop just *above* their hands, and asked what flux this represented. (So the rulers poked through,
but the *field points”, the hands, were below the plane of the hoop) There was a mix of responses, many
“positive”, and a couple of “zero”, and one of the 4 participants spontanecusly moved his hand up so that IT
was in the plane of the hoop. So | asked the class "why do you suppose T. just mowved his hand”? Got a good
discussion going about how flux is evaluated IN the plane, the E arrows are represented by rulers but don't
have physical length.

Lastly, asked one student *could you adjust your field so that it contributes zero flux*? And she quickly turned it
parallel to the loop.

Pretty brief and easy activity, no problems, seemed to get out several of the key ideas in a visual way.
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Adopters can easily post comments on how their adaptations of
our activities have worked at their institutions.
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Paradigms in Physics

Teaching is the art of leading students into a situation in which they can only escape by
thinking.
— Dr. C. 7. Bassoppo-Moyo

The Paradigms in Physics team is embarking on a new project to put detailed information
about the various activities that we have developed on the web to encourage adoption by
faculty at other institutions. We have already described our program as a whole in two
papers and a general website &, We are currently experimenting with a wiki format so that
users will be able to offer detailed feedback. We expect this site to be updated on a nearly
daily basis. Check back often!
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The activities wiki contains descriptions of activities, sequences, and
whole courses, including instructor’s guides and class materials.

Descriptions of Courses
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Course Contents

Unit: Gauss's Law

Flux (20-50 minutes)

Divergence (40 min)

Prerequisite |deas

The Concept of Flux (Kinesthetic Activity) 10 min

Calculating Flux (Small Group Activity-Optional) 30 min

visualizing klectric Flux (Maple] 10 min - plots electric field vectors from a charge in a box and calculates
the flux through the surfaces of the box, Leads to a statement of Gauss' law.

Flux (Lecture, if necessary) Fill in any holes not covered by the activities and class discussions.
Homewaork

uss's Law (120 minutes)

Prerequisite Ideas
Gauss' Law -- the integral version (Lecture) 30 min
Gauss' Law (SGA) 80 mun - students solve for the electric field due to a charged sphere or an infinite

cylinder. Emphasis is made on students making symmetry arguments (proof by contradiction) for using
Gauss' Law.

Homewark

Course descriptions contain links to text materials that can be used as
the basis of lecture notes, links to activities, and homework problems.
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The Concept of Flux

THE NATIONAL SCIENCE DIGITAL LIBRARY
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flux
2. Students create a vector fields with rulers and a
hula hoop is used as a surface

= Reflections from the general public.

Instructor's Guide

& = Wikiversion

Authors: Elizabeth Gire To edit this page, go here

On individual activity pages, instructors can find links to the student
materials, an instructor’s guide, and reflections from adopters. Keywords

allow our
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Instructor’s Vou are here: start » aciviias » guides » fluxconcept

g u |des |nC| Ude Navigate back to the activity e
detalled Flux Concept: Instructor's Guide *Flux Cancepts Instructor’s Guide
discussions of | Mein tdeas Activity: Lead-In

typical stude

CO nve rsa‘ti O ns ) = Activity Prompt: Have the students hold their rulers to form a vector field. Hold the hoop with some of the
Students hold rulers and meter sticks to re rulers pointing through it and lead a whole class discussion about how you would measure the flux through
a small area element. Students are asked the hoop. Specify that the students hands are the points at which the field is being evaluated, and the
an d Su g g ested length of the ruler is the magnitude of the field at that point.

extensions.

materials to be indexed by the NSDL and Compadre.

Instructor’s Guide

= Geometric definition of flux. = \We start with a SWBQ “Write down something you know about flux.” This SWBQ is an oppartunity for the

nt Students' Task instructor to find out what the students already know about the flux so as to focus the succeeding

) ) ) discussion appropriately.
Estimated Time: 5 minutes

Prerequisite Knowledge

. . Activity(Student Conversations
= Geometric concept of vector fields.,

= Evaluating the field: Because of students' soundbite understanding of the field “pointing through® the

Props/Equipment surface, students may not realize that only the points (i.e. hands) lying on the surface (i.e. in the plane of
= Rulers and Meter Sticks, one for each of the loop) contribute to the flux. Emphasize this.
= Hula Hoop = Only perpendicular component: Have one of the rulers lie in the plane of the hoop or at an angle to the

plane of the hoop and ask the students what the flux is.
= Sign of the flux: Discuss the need to specify a “direction” for the area. Since the differential area
elermnent is a vector guantity, the flux can be positive or negative.

Activity: Wrap-up

Mo wrap-up is needed

CExtensions)

This activity is part of a sequence of activities on the Geometry of Flux. This activity can be followed by:

= Calculating Flux. A small group activity in which students calculate the flux of a simple but non-constant
vector field through the surface of a cone.

= Wisualizing Flux. A Maple activity that allows students to explare the flux of the electric field due to a point
charge through a cubical surface. The pasition of the point charge can be varied so that there are different
amounts of flux through each of the six surfaces. It is possible to move the point charge source outside of
the cube, or even onto the surface of the cube.

Paradigms in Physics
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The Geometry of Flux and Gauss's Law a5} N
We use the first three activities in rapid succession, to emphasize to students the geometric nature of flux. z o \:\
These make a nice stand-alone introduction to the geometry of flux or they can be used as a warm up for a 2]
final activity-using Gauss's law to find the electric field in situations with high symmetry. (The second activity is
long and can be omitted if students will not be expected to calculate flux on complicated surfaces.) '_:1.‘
g a5,
Activities Included o
= The concept of flux. A kinesthetic activity in which students use rulers to represent a vector field and a * a5
hula hoop to represent a surface. The class discussion focuses conceptually on what contributes to the 1

flu,

= Calculating Flux, A small group activity in which students calculate the flux of a simple but non-constant
vector field through a cone.

= “isualizing Flux. A Maple activity that allows students to explore the flux of the electric field through a
cubical surface due to a point charge. The position of the point charge can be varied so that there are
different amounts of flux through each of the six surfaces. It is possible to move the point charge source
outside of the cube, or even onto the surface of the cube.

= Gauss's Law. A compare and contrast activity in which students are asked to work in groups to find the
elactric field using Gauss's Law for either a spherically or cylindrically symmetric charge density,
Students must make explicit syrmmetry arguments using Proof by Contradiction as part of their solution.

Sequences can include activities with different pedagogical
strategies—kinesthetic, group problem-solving, computer
visualization, etc.—to demonstrate different aspects of a concept.

Homework

You are here: start » courses » vectorfields » order » hw » hwflux

1. (FluxCube) This problem is an easy, quick follow-up to test vour understanding of fluxem activity.

A charge g sits at the corner of a cube. Find the flux of E through each side of the cube. Do not do a

Instructors can see messy calculation!
2. (FluxCylinder) This problem is an casy, quick conceptual question about flux, from Hughes Hallett vector
suggested homework caleulus book
. What do vou think will be the flux through the cylindrical surface that is placed as shown in the constant
prObIemS dlreCtIy aS vector field in the figure on the left? What if the cylinder is placed upright, as shown in the figure on the

right? Explain.

links from the Course
pages. They can also
access a password

protected archive with
solutions.

3. (FluxParaboloid) This problem is a long calculation testing whether you can calculate surface elements
and flux in a complicated curvilinear coordinate setting.

Find the upward pointing flux of the electric field E= E, z # through the part of the surface
z = —3r% 4 12 (cylindrical coordinates) that sits above the (z, y)-plane.
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A separate wiki contains a textbook on the geometry of vector
calculus with applications to physics. Short, modular sections allow
the construction of multiple paths through the material. The wiki will
provide sample paths, but instructors are also free to construct their
own path by linking content directly to their course home pages.

v
Blends of Math and Physics

¥ou are here: start » toc » gauss

Static Vector Fields

Unit 1: Gauss's Law

article discussion show pagesource old revisions

§ 1. Surfaces (review)

§ 2. The Cross Product (review)

§ 3. Surface Elements (review)

§ 4, Mare Surface Elements on Surfaces and Spheres (re

§ 5. More Surface Elements on Planes, Cylinders, and Sph
§ 6. Flux

§ 7. Flux of the Electric Field

§ 8. Gauss's Law

§ 9. Example: Flux through a Cube
§ 10. More Flux through a Cube

§ 11. Gauss's Law and Symmetry

Sample table of contents from a paradigms course at OSU, showing a
blend of math and physics topics. Relating math and physics often
involves multiple representations, as shown on the right.
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A natural choice of curves in this surface is given by setting y or = constant, so that dy =0 or dz = 0

= £ Site map dip = dz it dzk = (i — k) dz

compute surface integrals: Don't start integrating until the integral is expressed in terms of two
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Flux

Consider a problem typical of those in calculus textbooks, namely finding the flux of the

vector field F' = zk up through the part of the plane z+y+ 2 =1 lying in the first
octant. We begin with the infinitesimal vector displacement in rectangular coordinates in

1 Flux

Comsider a problem typical of those in caleulus textbooks, namely finding the
Hux of the vector field F' = z k up throngh the part of the plane s+ y+z =1
lying in the first octant. We begin with the infinitesimal vector displacement

3 dimensions, namely in rectangular coordinates m 3 dimensions, namely
dF —dzi+dyj+dek (1) dF =dei+dyj+dek (1)
A natural choice of curves in this surface is given by setting y or z constant, so that A natural cholee of curves in this surface 1s given by setting g or = constant,
dy=0orde=0: so that dy = 0 or dr =1:
dF, =dai+dzk = (i —k)dz dF, = dri+dzk=(i—k)dz (2)
A Pt 2 - - I R - P
dry =dyj+dzk=(j—k)dy = diy = dyj+dzk=(j—Fk|dy (3)
where we have used what we know (the equation of the plane) to determine each where we have used what we know (the equation of the plane) to determine
expression in terms of a single parameter. The surface element is thus each expression in terms of a single parameter. The surface element is thus
dA :drl Xdrﬁ s (l+j+k:]d$dy (3) cp!,i:.rf‘]_"'| XKEF2: [f+j+k:|ff_rrfy |:’.'1:|
and the flux becomes 1) '
and the Hux becomes

Just as for line integrals, there is a rule of thumb which tells you when to stop using
what you know to compute surface integrals: Don't start integrating until the integral is

- - 1 1—p 1 . s i .
\g/‘F-dA:\g/‘_dA=/0. £ {I_I_y)d"rdy= 6 (4) jf‘fﬁ}i: [z,f_-}:f [ I.r]_—_j'—lf_’r:](i‘l"j'dlﬂ:é |.r5:|
[ . 4 o Jin

g

Just as for line integrals, there is a rule of thumb which tells you when to

expressed in terms of two parameters, and the limits in terms of those parameters stop uslug what Ao lnow to compite surface il]f(‘g,['ﬂlh.' Dion™t start inte-
have been determined. Surfaces are two-dimensional! grating until the integral 15 expressed in terms of fwo parameters, and the
limits in terms of those parameters have been determined. Surfaces are two-

dimensional!

Modules are written in “WikiTeX”, allowing online display (previous slide)
and a printable version (left) using jsMath, as well as traditional printing
(right) using LaTeX and PDF, all from a single source file.



