descending from the first level to the ground

(at the left-hand side) is enclosed. The height

of the enclosed stairway will be a little more
than the height of a person, say about 2m, so

we can use it to calibrate roughly the scale

of the photograph. Taking the gasholder as
approximately cylindrical, I estimate the average
diameter as about 31 m and average height (in its
photographed, not fully expanded, state) as about
22 m, and hence the volume is about 16 600 m* (so
this is a relatively small one!). In a water-sealed,
telescopic gasholder the methane was stored only
slightly above atmospheric pressure — any higher
pressure would have blown the seals and led to
the loss of gas. This means that it then had to be
compressed slightly for delivery to households.
As 1 mole of any gas occupies about 24 dm? at
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room temperature and pressure, this gas holder
contains almost ¥4 million moles (700 kmol) of
methane with a mass of about 11000kg (11 Mg
(megagrams, not magnesium) or 11 tonnes).

Methane itself is odourless but tiny amounts
of sulfur-containing chemicals are added so that
leaks are easily detected. Methanethiol (methyl
mercaptan; CH,SH), ethanethiol (ethyl mercaptan,;
C,H;SH) and 2-methylpropane-2-thiol (z-butyl
mercaptan; (CH;);CSH), or mixtures of these,
are commonly used. Typically, mercaptans can
be detected by the human nose at a concentration
of about 2 ppm, but individuals vary and gas
intended for the domestic market would usually
have about 20 ppm. So this gas holder could
contain about 200 g of mercaptans, say about
4mol of methanethiol.

Peter Borrows is a former director of CLEAPSS. Email: peterborrows@cantab.net

Visualising energy transformations in electric circuits with infrared cameras

Elisabeth Netzell, Fredrik Jeppsson, Jesper Haglund and Konrad J. Schénborn

Increasingly affordable visualisation technology
brings exciting opportunities for making the
invisible appear visible. This can support the
teaching and learning of many challenging
physics concepts. Hand-held infrared (IR)
cameras offer real-time instant visual feedback
of temperature changes that correspond to energy
transfer and transformations. IR cameras detect
thermal radiation, which is emitted from all solid
and liquid bodies, at room temperature primarily
in the IR range. What is visually displayed on
the camera screen is a dynamic representation
of the surface temperature of an object in the
form of a coloured image that is based on the
detected radiation.

IR cameras can be useful in a variety of
school science applications. For instance, they can
be used:

® in mechanics to visualise how potential energy
is converted into kinetic energy and eventually
into thermal energy when a metal ball is
dropped from a height and strikes the ground,
producing a temperature increase (see, for
example, Haglund et al., 2016);

@® to introduce heat conduction (Haglund,
Jeppsson and Schonborn, 2016);

® to demonstrate temperature increases or
decreases in various chemical reactions (Short,
2010).

In addition, IR cameras have been suggested to be
a powerful tool for teaching about electric circuits:

@ illustrating that electric current requires a
closed circuit (Ayrinhac, 2014);

@ for visualising the temperature increases in
resistors (Mollmann and Vollmer, 2007);

@ at higher levels of education, as a way to
demonstrate the Seebeck and Peltier effects
(Méllmann and Vollmer, 2007).

A feature of the IR camera is that it gives a
display of the highest and lowest temperatures in
the field of vision. To offer a quick interpretation
of other temperatures to the user, a colour band
is displayed between these values to estimate
at a glance the temperatures at different places
in the image. To illustrate that different settings
are possible, we have shown two. The ‘iron’
rendering mimics gradual heating of iron from
red through orange to white when iron is heated
in a furnace, but it does not show the actual
furnace temperature. A similar colour variation
is seen when gradually increasing the current
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in a filament lamp from zero, until maximum
brightness is achieved. The ‘rainbow’ rendering
uses the idea that humans associate red with warm
and blue with cold, although it actually shows
pink and white as hotter than red.

This article describes a hands-on electric circuit
laboratory activity for upper secondary school
physics education (ages 16—19). The activity uses
IR cameras to study energy transformations in an
electric circuit with a particular focus on energy
transformation in resistors and on comparing heat
loss in series and parallel electric circuits. The IR
camera activity also invites students to consider
ideas of modelling in physics in general, and
induces a comparison of real electric circuits with
idealised models of them.

Conducting an experiment with an electric circuit
and IR camera
Students are initially instructed to connect a
22 Q resistor in a circuit, turn the power on, and
adjust the voltage in order to deliver a current of
150mA. The power supply is then switched off
and students are asked to connect a 10 Q resistor
in series with the 22 Q resistor (Figures 1-3). The
power supply is turned on again with the voltage
unchanged and students take a reading of the
current in the circuit with a multimeter.

According to Ohm’s law, the current decreases
because of an increase in effective resistance in
the circuit, at constant voltage. However, students
are asked to consider and think about what
actually occurs in the resistors with respect to the
decrease in current.

One way to justify the decrease in current
is to introduce the concept of power (P). By
means of power, one can explain that there is a
particular dissipation rate, or a transformation
from electrical energy to thermal energy per unit
time in the resistors, which, in turn, leads to an
increase in temperature. This is certainly not a
trivial explanation for students to grasp. However,
by visualising the process with an IR camera,
students receive instant visual feedback and
can see the effect of temperature increase in the
resistors directly (Figure 4).

In the series circuit, the dissipation rate — and,
as a result, the rise in temperature — is higher
in the 22 Q resistor (the resistor to the right in
Figure 4) than in the 10Q resistor. The current
is identical in both resistors and the dissipation
rate depends on the resistance according to the

22Q

10Q 22Q 10Q
1

Figure 1 Circuit diagrams of the series and parallel
connections of the 10Q and 22 Q) resistors

Figure 2 The power supply, breadboard circuit with
the resistors, two multimeters (volt-ohm-ammeters),
connecting wires and an IR camera
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Figure 3 Close-up view of resistors connected in
series on the breadboard
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Figure 4 An image from the IR camera of resistors
connected in series; the chosen ‘iron’ rendering
mimics the gradual heating of iron from red through
orange to white; the surface temperatures of the
objects on the screen vary from 23.7 to 58.0°C (as
shown in the temperature scale to the right); the
temperatures of the two resistors are represented
as the brighter coloured spots; additional ‘hot spots’
emerge as a result of contact resistance between
the wires and the breadboard circuit

equation P=VI=RP, where V is the voltage, R the
resistance and / the current.

Next, students are instructed to connect the
resistors in parallel (Figure 5). In the parallel
circuit, the potential difference V' is identical
across both resistors and the current is higher in
the 10 Q resistor (Figure 6, bottom resistor) than
in the 22 Q resistor (top resistor).

The dissipation rate can be calculated using
the equation P = VI = V%R. The lower the
resistance, the higher the dissipation rate and the
higher the temperature of the resistor.

Real circuits: including resistances of wires and
at contact points compared with idealised models
Models and modelling are central concepts

for use in science and introducing students to
simplified models of a physical system is a
common approach in the physics classroom. In
the experiment described, we initially assume that
the wires have no resistance, with all resistance
being attributed to the resistors. However, in
reality, the situation is not as simple as portrayed
by this idealised model. For instance, there is
resistance in the wires, and, as shown in Figures 4
and 6, there is resistance at the resistor-to-circuit
connection points. When exploring resistors of
high resistance, errors due to contact resistance
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Figure 5 Close-up view of resistors connected in
parallel on the breadboard

Figure 6 IR camera images of resistors connected in
parallel (with lower voltage across the resistors than
in Figure 4, resulting in lower dissipation rates and
temperature readings); with the chosen ‘rainbow’
rendering, the colder breadboard appears as dark
blue, and the heated resistors are red and white

in the circuit are essentially negligible, but

contact resistance and resistance in the wires will
affect the total resistance of resistors that have a
very low resistance. In the extreme case, short-
circuiting a wire leads to a very high temperature
increase before damaging the circuit. The evidence
of contact resistances in the experiment described
here is easily visualised with an IR camera —

these are resistances that would otherwise remain
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invisible to the naked eye in typical classroom
circuit set-ups that use incandescent light bulbs to
visually represent energy dissipation to students.
Using a hand-held IR camera to visualise energy
transformations at the connection points enables
students to understand why their measured value
does not completely correlate with the expected
theoretical value. In this way, contact resistance

can be visualised as a further form of resistance
that affects the circuit, in addition to the internal
resistance of the power supply that upper
secondary students are usually introduced to.
Finally, we would like to direct your attention
to Charles Xie’s website, http://energy.concord.
org/ir, which contains multiple easy-to-do
experiments using IR cameras in science teaching.
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Investigating the use of Electrolycra
Catherine Dunn

Background
The curriculum promotes health and well-
being and this activity is an example of how
technology is helping us monitor our fitness and
therefore encourage a healthy lifestyle (National
Curriculum in England key stage 3, age 11-14):
Gas exchange systems: the impact of exercise,
asthma and smoking on the human gas exchange
system. Scottish Curriculum for Excellence (SCN
3-12b, age 10—13): I have explored the role of
technology in monitoring health and improving
the quality of life). Students need to be encouraged
to exercise more in general, and the use of a
cheap breathing-rate sensor enables an estimate of
their fitness to be made. Pulse rate is commonly
used but this method gives more evidence for the
impact of exercise on the body and reinforces the
fact that both the heart rate and the breathing rate
change with exercise (Nuffield Foundation, 2013).
At the Scottish Schools Education Research
Centre (SSERC) we started working with
Electrolycra™ back in 2009 when smart materials
were starting to become available for schools to
purchase (via MUTR, now called Mindsets: www.
mindsetsonline.co.uk). SSERC was given some
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samples of Electolycra with which to experiment;
enclosed with the samples was a graph of
resistance of the Electrolycra against length. We
set about trying to reproduce that graph and, like
others (Wheeler, 2010), we found this quite easy
to do if care was taken; this could thus be a good
simple investigation for schools to implement.
When looking at the properties of a material,
it is good if an application can be given as
an example and even better if the application
is simple enough to be used in schools. We
developed a breathing belt using Electrolycra
as the ‘smart’ sensor (SSERC, 2010), but have
since simplified the design. Having presented a
workshop at Science on Stage (Dunn, 2015), 1
was asked whether I had published the idea. I was
encouraged to do so; hence this article.

Investigating how the resistance of Electrolycra
changes as it is stretched

Student instructions

Clamp a strip of Electrolycra 1 cm in width and
Scm in length at one end and connect a multimeter
set to ohms across it as shown in Figure 1.
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