Description and Pedagogy

The activity below is used in an introductory Electricity & Magnetism course. It is an invention activity that prepares students for future learning [1], inspired by the work of Kuo and Wieman [2].
I use the activity as transition from electric field to electric flux. Students are assigned reading assignments about electric flux [3], but typical textbook treatments are fairly abstract. The activity is meant to help alleviate some of the abstractness and does not require understanding of the reading assignment. It can actually be done before the students read about flux.
 
The activity (see next page) is perhaps a bit unusual, but not difficult. It is best given on a worksheet to facilitate group discussions in lecture. Students are asked to “invent” an equation (in words) that describes how much rain falls through an open window by comparing six cases. Students are usually able to identify the three factors that are important in just a few minutes:
- strength of rain
- window area
- angle between rain direction and window

It is not important that the student are able to generate the “correct” equation because the pedagogy includes a time for telling [3]. So during the follow-up to the activity, the instructor can write something based on students’ responses, such as

amount_of_rain = strength_of_rain x window_area x cos(angle(window, rain_direction))

At this point, we can leave the example by stating that “We can consider the rain passing through the windows as a flux, in this case an amount of something passing through an area.” 

Then the equation for electric flux is shown and conceptually discussed by building on the rain example:
· Instead of rain and windows, we have the net number of electric field lines going through a (imaginary) surface.
· Similar to rain example, direction of the electric field and the orientation of the surface important: 
[image: ]
Now it is time to introduce the area vector  that contains the area (in m2) and the orientation of the area (i.e. the surface normal vector ). This is done by the instructor along with a brief review of the dot product. 

The next step would be to ask some clicker questions about flux, which eventually leads to Gauss’s law.

From my perspective, the activity has the following benefits:
- it builds on everyday experiences to provide an intuitive understanding of flux
- students are asked to make a connection between concepts and mathematics
- it introduces the electric flux equation when students are prepared for it by building on the much more intuitive rain flux. It thus provides meaning to a fairly abstract concept.

The example is displayed on the next page.

[bookmark: _Hlk137204058]PFL activity to prepare for Electric Flux

Rain is falling on three houses with six open windows. In the figure, the large windows have twice the area as the small windows and the heavy rain is twice as strong as the light rain. Your task is to come up with an equation that describes the amount of rain per second coming into each room in the six cases. The numbers near the windows rank the amount of rain from largest to smallest.

Use words in your equation, e.g. "amount = rain ..."
Enter your answer into the box below the figure. After submitting your response, compare your answer [image: ]to the solution.
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[image: ][image: ]Access for free at
https://openstax.org/books/university-physics-volume-2/pages/6-1-electric-flux.
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(a) A planar surface Sy of area A; is perpendicular to the electric field Ej. N field lines
cross surface Sy. (b) A surface Sy of area Ay whose projection onto the xz-plane is Sy
.The same number of field lines cross each surface.

Now consider a planar surface that is not perpendicular to the field. How would we
represent the electric flux? Figure (b) above shows a surface S, of area Aj that is
inclined at an angle 8 to the xz-plane and whose projection in that plane is S; (area A;
). The areas are related by Ay cos @ = A;. Because the same number of field lines
crosses both S1 and Sy, the fluxes through both surfaces must be the same. The flux
through S is therefore ® = EA; = EA; cos 6. Designating i, as a unit vector
normal to S (see figure (b)), we obtain

b =F- i, 4,.

Notice that the cosine factor is included in the dot product between the field and unit
vector 7.
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Area Vector
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For discussing the flux of a vector field, it is helpful to introduce an area vector A.. This
allows us to write the last equation in a more compact form.

b=E-A
The area vector of a flat surface of area A has the following magnitude and direction:

« Magnitude is equal to area (A)

« Direction is along the normal to the surface (fi); that is, perpendicular to the surface.

Since the normal to a flat surface can point in either direction from the surface, the
direction of the area vector of an open surface needs to be chosen, as shown below.
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The direction of the area vector of an open surface needs to be chosen; it could be
either of the two cases displayed here. The area vector of a part of a closed surface is
defined to point from the inside of the closed space to the outside. This rule gives a
unique direction.

Since i is a unit normal to a surface, it has two possible directions at every point on
that surface (figure (a) below). For an open surface, we can use either direction, as long
as we are consistent over the entire surface. Part (c) of the figure shows several cases.
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(a) Two potential normal vectors arise at every point on a surface. (b) The outward
normal is used to calculate the flux through a closed surface. (c) Only S3 has been
given a consistent set of normal vectors that allows us to define the flux through the
surface.
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However, if a surface is closed, then the surface encloses a volume. In that case, the
direction of the normal vector at any point on the surface points from the inside to the
outside. On a closed surface such as that of figure (b) above, i is chosen to be the
outward normal at every point, to be consistent with the sign convention for electric
charge.

Electric Flux

Now that we have defined the area vector of a surface, we can define the electric flux
of a uniform electric field through a flat area as the scalar product of the electric field
and the area vector, as defined in Products of Vectors:

- = -
$ = E - A (uniform E, flat surface) .

The following figure shows the electric field of an oppositely charged, parallel-plate
system and an imaginary box between the plates. The electric field between the plates
is uniform and points from the positive plate toward the negative plate. A calculation of
the flux of this field through various faces of the box shows that the net flux through
the box is zero. Why does the flux cancel out here?
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Electric flux through a cube, placed between two charged plates. Electric flux through

the bottom face (ABCD) is negative, because E is in the opposite direction to the
normal to the surface. The electric flux through the top face (FGHK) is positive,
because the electric field and the normal are in the same direction. The electric flux
through the other faces is zero, since the electric field is perpendicular to the normal
vectors of those faces. The net electric flux through the cube is the sum of fluxes
through the six faces. Here, the net flux through the cube is equal to zero. The
‘magnitude of the flux through rectangle BCKF is equal to the magnitudes of the flux
through both the top and bottom faces.
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The reason is that the sources of the electric field are outside the box. Therefore, if any
electric field line enters the volume of the box, it must also exit somewhere on the
surface because there is no charge inside for the lines to land on. Therefore, quite
generally, electric flux through a closed surface is zero if there are no sources of
electric field, whether positive or negative charges, inside the enclosed volume. In
general, when field lines leave (or “flow out of*) a closed surface, ® is positive; when
they enter (or “flow into”) the surface, ® is negative.
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Electric Flux

Rain going through a window can be viewed as a form of 'flux. The concept of flux
describes how much of something flows through a given area.

You may conceptualize the flux of an electric field as a measure of the number of
electric field lines passing through an area (see figure below).
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The flux of an electric field through the shaded area captures information about the
“number” of electric field lines passing through the area. The numerical value of the
electric flux depends on the magnitudes of the electric field and the area, as well as the
relative orientation of the area with respect to the direction of the electric field.

To quantify this idea, figure (a) below shows a planar surface S; of area A; that is
perpendicular to the uniform electric field E.If N field lines pass through .S , then we

\1 ox E,orNx E-Ay.

know from the definition of electric field lines that -

The quantity ® = E A is the electric flux through S;. Notice that N o< E' A; may
also be written as IV o< ®, demonstrating that electric flux is a measure of the number
of field lines crossing a surface.




