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Have you had the ‘Ah-ha’moment? That split sec-
ond when a principle or an idea suddenly clarifies
from the cloudy misunderstandings of five minutes
ago. Teachers often rejoice when their classes reveal
shared ah-ha moments and so it is with teachers
themselves. We are always learning, and on this
lifelong journey there are many moments when our
own understanding takes a quantum step forward.
I must say that such moments for me are often
accompanied by a sense of acute embarrassment
when I realize that for years I have been labouring
under a misconception and have passed on such
cloudy partial truths to students. Such is life. I hope
they forgive as fast as they forget.

Understanding polarization is one area where 
colleagues and PGCE students have confided that
they have been blessed by an ah-ha moment. I refer
to the explanation of how a plane-polarized wave
manages to pass through a polarizing medium such
as a filter or, in the case of microwaves, through a
metal grid. How do you explain this?

A common-sense approach is to regard the spaces
in the grid as gaps that allow the narrow wave 
to pass through. This amounts to treating the 
phenomenon rather like a small child squeezing
through a gap in some railings. Would that life were
this simple. Many readers will recognize the 
misconception that underpins this oversimple and
erroneous explanation. Plane-polarized waves are
just not like real people. They don’t have a ‘squeeze
through’ physical interaction with matter. Polar-
ization is an electric phenomenon. It is, of course,
about electromagnetic fields. If we consider the
electric field vector, we can start to piece together
another story. As most students of physics post-16

will know, an electric field is a place where there is
a force on a charge. Metal grids are places where
there are free electrons, all waiting patiently to be
forced. Consider a wave, plane-polarized in the 
vertical direction, incident on a metal grid 
orientated in the same direction. The oscillating
electric field meets the metal grid and the electrons
in the grid absorb energy from the field and 
commence their vibrational motion in the direction
of the vertical field vector. The waves don’t pass
through, their energy being absorbed and re-radi-
ated in all directions parallel to the metal grid. The
grid acts as receiver and aerial. A small fraction of
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Figure 1. (a) Free electrons move in a vertical
direction and absorb the incident radiation.
(b) Almost total transmission: free electron
motion hampered by non-conducting gaps.
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the signal will be reradiated in the original direc-
tion but most of the energy is scattered in all other
directions (see figure 1(a)).

However, a grid rotated through 90º will allow
the signal through, only a small fraction of the 
electrons in the grid being able to absorb energy
from the polarized wave (see figure 1(b)).

Without the clear articulation of the free electron
model, students are left at the mercy of the mechan-
ical ‘squeeze-through-the-gap’ explanation and
thereby labour under a misconception, sometimes
for many years.

One of my PGCE students, Sharon Twyford, was

so interested in this revelation that she decided to
trawl the physics library in search of enlightenment.
Sharon takes up the story:

“We spent some time looking through
advanced physics texts for explanations of
polarization and absorption which used the free
electron story. We found none in the first ses-
sion. Many offered a treatise on all aspects of
polarized light but didn’t venture to explain the
absorption of energy in a preferred direction by
oscillating electrons. There was no mention of
free electrons in either a grid or a piece of
polarizing polymer material. The nearest we
got was a reference to radio receivers needing
to be aligned vertically to detect vertically
polarized signals to ensure good reception.
An extended search did produce one text,
Optics by Hecht and Zajac (1974), which on

transmission axis

polarizing filter

Figure 4. A suggested way of showing the free
electron direction together with a transmission
axis for a polarizing filter

(a) (b)

Figure 3. Two quite different concepts appear
very similar when represented as diagrams. This
is a source of confusion. (a) Lines showing the
transmission axis for a polarizing filter. (b) Lines
showing the free electron direction in a
microwave polarizing grid.

Figure 2. Variations on the letterbox sketch,
which can lead to confusion. 
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pages 226–7 explained the wire grid polarizer
using a free electron model.
However, we did find a number of texts which
introduced the phenomenon usingthe letter-box
and rope analogy, for example University
Physics by Sears, Zemansky and Young (7th
edn) p 849. Figure 2 shows a typical letterbox
and rope sketch found in a number of texts.”

Such a crude, mechanical representation of how
a vibration on a string can pass through a gap in a
door is surely the root of the common miscon-
ception. Why is this diagram so common in school
textbooks?

A second feature common to many chapters on
this topic is the concept of a ‘transmission’or ‘polar-
izing’ axis. This is sometimes shown as a series 
of parallel lines drawn on a polarizing filter. See 
Fundamentals of Optics by Jenkins and White (4th
edn) pp 504–5 for such an illustration. The purpose
of such lines is to convey information about the
plane of polarization that the filter will allow to pass
through. It is perhaps here that the second source
of confusion arises. The transmission axis lines look
exactly like the grid lines on a sketch of a metal
polarizing grid (see figure 3). It is not surprising
that students, and indeed teachers, confuse these
two ideas. They appear to be two illustrations 

showing the same concept and hence support the
misconception that the transmission of polarized
light is via a sort of mechanical squeezing-through-
a-gap phenomenon.

It seems to us that the similarity in visual repre-
sentation of the metal grid and the transmission axis,
combined with the letter-box analogy, leads 
students inevitably to their misunderstanding of the
relationship between plane of polarization and the
mechanism for absorption and transmission. How
might we help learners?

We would suggest that the letter-box diagrams
are avoided at all costs. They are the source of more
confusion than assistance. Polarization is an 
electric field phenomenon and is not helped by the
wave-on-a-string model. Secondly, the concept of
a transmission axis ought to be represented 
diagrammatically in a new way that avoids paral-
lel lines. Our suggestion is to use a single line as
shown in figure 4. It might then be possible to show
both the metal grid and the transmission axis on the
same sketch. We hope that authors will take note of
these suggestions.

Bob Kibble 
University of Edinburgh
Sharon Twyford teaches at Merchiston Castle
School, Edinburgh.

P H Y S I C S  O N  A  S H O E S T R I N G

Physics demonstrations and experiments which can be set up with minimal equipment and at almost no cost.

I have been teaching about electric motors for more
than 30 years. I like to use the Westminster Elec-
tromagnetic Kit (Revised Nuffield Physics book 3,
1977) for making simple dc electric motors. The
Westminster motor is joyfully straightforward for
those who know how to put it together, i.e. physics
teachers. Unfortunately its construction is often less
than joyful for students. As all teachers who have
tried to make the motor with a class will know, the
principal problems occur with the shaping of the
wires for the connections at the commutator—for
both the coil and the brushes. Taking students

through a demonstration of the stages of construc-
tion is essential. But even then, construction is a
trial by patience for the fumble fingers in the class.

For the past ten years I have been using a paper
cut-out, pop-up model (figure 1) of the electric motor
as an alternative activity. It is one that all students
can complete. They also have a model they can take
home with pride. Opening up their own pop-up, so
that it stands clear of the surrounding paper, is a
moment of triumph for the students. This contrasts
with the dark moments of despair that can come
from struggling with the Westminster kit. 

A pop-up electric motor


