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1/s
×3600�⇒ 1/h (2)

Multiply (1) × (2):   

m/s
×3600/1000�⇒ km/h

7 m/s
×3.6�⇒ 25.2 km/h

With the units in quotient form, the rule remains the
same:  whatever you do to the units, do the same to the
CF.  Therefore, when the reciprocal of the units is used,
the reciprocal of the CF is also used.  Before beginning
such an example as this, it is important to make sure
that students understand exactly what units in quotient
form actually represent i.e. that, for example, m/s is the
same as m × 1/s.  The problem is then split into two
parts, each half of the quotient is converted separately
and the final CF found by multiplying the CF for each
half together.  The possible confusion of which oper-
ator to use is removed by retaining multiplication
throughout (hence the reason for representing the CF
as a reciprocal value where necessary).

Example 4
Convert 7 g/cm3 to kg/m3.

First part:  convert g to kg 

1000 g
×1/1000�⇒ 1 kg (1)

Second part:  convert 1/cm3 to 1/m3

100 cm
×1/100�⇒ 1 m

cm3 ×(1/100)3�⇒ m3

1/cm3 ×1003�⇒ 1/m3 (2)

Multiply (1) x (2):   

g/cm3 ×1 000 000/1000�⇒ kg/m3

7 g/cm3 ×1000�⇒ 7000 kg/m3

The units of density are an example of as complicated
a conversion as can be expected at secondary school
level, being both a quotient and containing cubed units.
Again, the quotient is split into two parts such that each
unit is considered separately.

C A Cottam
Crowborough, East Sussex

For many people physics inspires awe, wonder and the
‘Eureka’feeling. For too many others it provokes dis-
like, fear and a tendency to flee. Can we halt this exo-
dus? Can we reach out to interest and attract
non-science students and ordinary people? I would like
to share a route that seems to work for some, using the
age-old technique of story-telling—a natural teaching
format in non-science disciplines like history and lit-
erature. Narratives and story-formats present, explain
and facilitate learning of scientific concepts and facts,
and build metaphors and analogies into the story-en-
vironment. I have used story-telling successfully (with
large increases in enrollment and retention) to attract
and interest many non-science undergraduate students,
including women, minorities and working adults. 

Can such story-formats also retain and teach the
physics-fearful along with attracting and interesting
them? Does this use of narrative and story-format ad-
vance pedagogy? Does this approach, along with its
integrated use of analogies and metaphors, help the

student to comprehend? Does it help the student to re-
tain and recall the subject content? Again, personal ex-
perience indicates a ‘yes’ to all of these.

The story-format advances pedagogy by presenting
facts and concepts through dynamic, action-oriented
situations, using analogies and metaphors as integral
components. Again, the use of analogies and metaphors
in descriptive, explanatory contexts in traditional sci-
ence pedagogy is common. For example, we invoke
the ‘balloon surface’ analogy to explain space-time
curvature and the expansion of the universe; we use the
term ‘electron cloud’ to describe ‘indeterminacy’of a
bound quantum state and ‘water waves’ to visualize
light waves moving through a vacuum. We even try to
explain QCD forces between quarks and gluons by the
concept of ‘colour charge’. (We then try to clarify, in-
stantly, that it is actually nothing like colour or charge
as we generally perceive them!)

The use of analogies and metaphors in action and
event-oriented settings, woven into story elements, en-
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riches their effectiveness and adds an additional di-
mension to science pedagogy. The portrayal of facts
through such dynamic and eventful situations serves
to (i) interest and motivate students, (ii) connect their
science experience to life situations and facilitate sci-
ence-learning by aiding comprehension, retention
and recollection of the subject content. 

The use of narrative does not preclude or diminish
the role of factual presentation and other standard sci-
ence pedagogy, including technology and hands-on
labs. Rather, it opens yet another road for those initially
reluctant to tread the others. Usually, once the relax-
ing story atmosphere dispels their fear, they are eager
to try other routes as well, for a more complete learn-
ing experience. In particular, it appeals to liberal arts
students who are used to narratives and are wary of sci-
ence. Once, I had some humanities majors happily
building neutrons and protons from fractionally charged
quarks towards the end of the course. One of them re-

marked that if I had tried that at the start of the semes-
ter, before the stories had made them comfortable and
relaxed, they would have fled the class! 

One of the most effective ways to use narratives is
to (i) read the story, (ii) test comprehension with ques-
tions from the story, (iii) supplement this with factual
presentation so the students learn the scientific termi-
nology. The learning experience can be further en-
hanced by real, virtual or simulation labs, activities
and discussions. Informal research indicates that the
creative use of narrative and characterization, used in
combination with supporting factual sections, ques-
tions, tests, activities and hands-on labs, can be a suc-
cessful teaching technique for liberal arts students of
all ages and backgrounds. The stories also serve as start-
ing points for group discussions that feed from the fac-
tual support sections and internet research. The
analogies and ‘life-settings’generate interactive views.
I recall one instance, when a student told me he could

…What happened was a violent head-on collision.
It was so violent, I impacted right into what I hit. 
I seem to have plunged into a dense crowd. 

All around me float strange creatures. They seem
to be free to move as long as they remain within the
crowd and its confines.

“Who are you?”  
Their question indicates they are as curious

about me as I am about them.
“How did you get in?” quips another.
“I’m not sure”, I reply. “I was jettisoned in, 

accidental collision. I am sorry.”
“Do not be”, they say. “A casual observer outside

would see only the apparently lifeless object you
hit. But deep within we run around and thrive on
motion.”

“I seem to be quite welcome. They appear to be
friendly folk.”

“We don’t see much of the outside world.” 
They sound wistful. “We are free to do whatever

we like as long as we do not try to escape.”
“Why is that?” I am intrigued.
“Oh it is the law. We carry fractional charge and

this is something the outside world is not allowed
to see. Nobody is watching us now. But if we try to
run away, the others immediately become on guard
and pull us back. We are quarks and held together

by glue; this glue becomes stronger and cements us
as we approach the outskirts.”

The sudden collision jolts me. I have run straight
into a quark. The others run helter-skelter as they
try to see what we do.

The quark and I exchange only a quick photon
and a virtual one at that . . . but even that is embar-
rassing before so many peeping quarks and gluons!    

The act over, I head for an exit…

Factual way: Matter as we know it is made up of
neutrons and protons, and neutrons and protons are
made up of quarks that interact through ‘strong 
interactions.’At the quark level these hold the 
nucleus together by exchange of gluons. 

Quarks and gluons carry ‘colour charge’, which is a
property like charge or mass. We could say that at its
elemental level, the strong interaction is mediated by
gluons interacting with quarks and with each other
through their colour charge. The force operating is
the ‘colour force’and the theory is called quantum
chromodynamics (QCD), which requires quarks to
be permanently confined within hadrons. Quarks
also carry electric charge, but they carry fractional
charge. Their fractional charges are not visible as
quarks and are always confined within hadrons.

Quarks
Excerpt from Muonic Rhapsody and Other Encounters. The story element uses a ‘deep inelastic scattering
event’by a muon (or electron) to introduce quarks, confinement and strong interactions: 
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Hole-punching paper for physics 
and fun 
A two-dimensional percolation exercise

A diverse collection of phenomena in physics, chem-
istry and biology may be described in terms of perco-
lation theory, and some examples include the nature of
alloys [1] and the robustness of the Internet [2].
Although some experiments [3, 4] and simulations [5]
have been described and are available, most of these
possibilities are too complicated, time-consuming or
expensive for a typical high school laboratory.  Herein,
we describe a simple exercise that, to our knowledge,
has not been previously reported.  This investigation
has been successfully implemented into the laboratory
exercises for high school students.

Background
As a simple case, consider a sheet of aluminium foil
with two electrodes attached at the ends and connected
to multimeter that can report the resistance. In this ini-
tial condition, current will easily flow, and the resist-
ance is low. Now reconsider this situation when holes
are randomly punched into the foil. When there are
only a few holes in the sheet, the resistance should be
close to its initial value. However, when the number of
holes approaches the point when there will be no path
for the current to flow across the sheet, the resistance
will increase, eventually diverging to the resistance
value of the open circuit. This arrangement is an ex-

ample of a two-dimensional percolation problem, and
the resistance diverges at a critical point pC, which is
the ratio of the area of the aluminium that must be re-
moved to the initial total area of the foil. This value of
pC is the critical point of this interesting phase transi-
tion between the conducting and insulating states.

To avoid the need to measure the resistance of alu-
minium foil, we have generated a mechanical analogue
of this problem. Specifically, a small sheet of paper is
suspended from a fixed clamp and a second clamp acts
as an added weight at the bottom of the sheet. Holes
are randomly punched in the paper until the weight
falls, representing the phase transition.

Materials
● 1 – sheet 4 squares per inch graph paper
● 1 – 1/4 inch (6 mm) hole punch with a 1 inch 

(25 mm) throat
● 2 – heavy duty paper clamps
● 1 – 12 sided die
● 1 – 10 sided die

To reduce cost, the 10 and 12 sided dice can be sub-
stituted with another suitable random number gener-
ator. Sets of numbered bingo chips and paper
decahedrons and dodecahedrons [6] have been used

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.

not remember what beta decay was, but he thought
about the relevant part from the story and was able to
answer his question. I was also rewarded to learn from
a colleague that one of his students in high school had
found my book in a bookstore and brought it into class.
She wanted to share it with her teacher and classmates
because it appealed to her so much. 

I had some initial reservations as to whether the
‘anthropomorphic’characterization of particles would
confuse the students but found they had no problems
sifting the fact from the fiction. Nevertheless, my book
does carry a warning: ‘Subatomic particles do not 
think, feel or talk the way we do. They do however lead
exciting, interactive lives interspersed with events, 
including birth, decay and annihilation. Fundamental
interactions, laws of probability and conservation prin-

ciples determine their actions. The metaphoric ro-
mances in the story serve as dressing for electrical
forces and electromagnetic bound states.’

Colleagues may find my books useful for trying the
narrative format and I would be happy to share more
detailed experiences and teaching tools. The box shows
some quotes from my book Muonic Rhapsody and
Other Encounters published by Roli Books, India
(ISBN 81 7436 010 7). Excerpts from my other book
The Exotic Lifestyles of Subatomic Particles, published
by Kendall/Hunt (ISBN 0 7872 7396 1), are available
in the online version of this article. 

Lali Chatterjee
IOP Publishing Inc., Philadelphia, and University 
of Tennessee, Knoxville, TN, USA


