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copy for his notes and saves it in his revision
folder. Animation is done in PowerPoint by
accessing the Custom Animation sub-menu
from the Slide Show menu and choosing appro-
priate ordering of the slide components and
animations. I have added labels to the rays to
describe the behaviour when it strikes the lens.
(Slide 4)

Step 6. From template start with a smaller object
about 1.5 f from the lens to produce a real,
inverted and magnified image. Use ….slide
projector. (Slide 5)

Step 7. From the template start with a smaller
object about 0.5 f from the lens to produce a
virtual, erect and magnified image.
Use….magnifying glass. (Slide 6)

Step 8. Diverging lens. (Slide 7)

The benefits
In an examination situation both at GCSE and at A-
level the students are expected to draw accurately
by hand. After use of the PowerPoint method, the
precision in the hand-drawn versions was much
greater than before—no enormous error triangles
in the tip location; something had been absorbed
about the precision level from the computer draw-
ing.  Teachers without multiple computer facilities
may wish to operate the slides as a sequential
demonstration of the method.

The Powerpoint file is available in the electronic
version of the journal or directly from the author.

J G Evans
King Edward’s School, Birmingham, UK
jake@kes.bham.sch.uk
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Magnifying glass

The eye follows
the path of the light
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lens and there

locates a virtual
image

Image is VIRTUAL or
imaginary-rays of light

appear to cross and could
not be formed on a screen
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larger than the  object
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Diverging lens
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A P PA R AT U S  T O  B U I L D

Making an electronic pressure transducer
Buying sensors for interfacing to computers for
data-logging and electronic control purposes can
be rather expensive for many budgets.  Fortunately
it is relatively easy to build these for yourself.  Pres-
sure is a parameter that is frequently needed for a
great many experiments.  For example, work with
gas laws is made easier if a simple pressure sensor
is available.  This article describes the building and
testing of a robust pressure sensor suitable for use
in schools and which produces an output that can
be fed into a standard computer interfacing set.

The major component of this sensor is the pres-
sure gauge itself.  These are available from RS Com-
ponents at a very reasonable price.  There is a range
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Figure 1. Circuit diagram.
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of gauges with different pressure ranges and sensi-
tivities stated in psi by the manufacturer.  The device
chosen here is a 0.5 psi (3.5 kPa) device, which is
the lowest range available.  They go up to 250 psi
(1.7 MPa).  The gauge sensors use atmospheric pres-
sure as a reference.  The 0.5 psi (3.5 kPa) device
was selected because it is in the range which makes
it suitable for replacing simple water manometer
pressure-measuring tools in some of our experi-
ments.

The circuit
Figure 1 shows the simple circuit diagram for this
sensor.

The manufacturer recommends that these devices
should be given 10 V ‘excitation’.  However, they
work perfectly well when connected to a 9 V PP3

type battery.  The power supply is switched to con-
serve the battery when not in use.  The LED indi-
cates when the unit is switched on.  The output
voltage for the sensor used is in the range 0–35 mV.
This is adequate for connecting to a great many
computer interfacing boards. We use the PCL818HG
boards from Advantech.

Figure 2 shows the circuit board laid out in the
box and indicates how the pipeline connectors are
adapted to provide access to the outside world.  

Figure 3 shows the box with the lid secured. This
is now a self-contained switchable pressure trans-
ducer.

A number of these boxes was made up and the
outputs were compared.  This was done by con-
necting the terminals of a ‘T’ connector to a water
manometer, the pressure transducer and a small

Figure 3. The completed box.

Component Supplier Stock number

PP3 battery clip RS Components 489-021
Round insulated socket , 4 mm RS Components 

red 444-646
black 444-646

ABS boxes 85 × 56 × 25 mm RS Components 502-348
Single-pole switches RS Components 330-963
LED (green) 3 mm RS Components 180-8451
LED holder 3 mm RS Components 262-2983
Resistor 10k 1

4 watt RS Components 131-378
Pressure sensor RS Components 235-5762
Tubing PVC 4 mm Fisher Scientific TWT 200 051J
Straight connector TTS TCON20

Table 1. Component list.

Figure 2. The inside of the pressure sensor box.
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Figure 4. Calibration graph.

syringe.  Figure 4 shows a plot of the transducer out-
put against manometer readings for each of five units.

It should be noted that each sensor is different in
output level for the same pressure.  However, although
the intercepts on the output axis vary, the gradients
of the output characteristics are very similar.  Also
notice that the loop nature of the result indicates that
there is a certain degree of hysteresis present.

These transducers have been used many times in

the laboratory in a variety of experiments and have
been shown to be reliable and robust.

The list of components needed to build this device
is shown in table 1.

Kevin Carlton
Canterbury Christ Church University College,
North Holmes Road, Kent CT1 1QU, UK
k.j.carlton@canterbury.ac.uk

D E M O N S T R AT I N G  D I F F R A C T I O N

A diffraction grating for sound waves
The following demonstration was used at the Swiss
Federal Institute (ETH) in the sixties, and was writ-
ten up in the book of demonstrations edited by Mein-
ers [1] (now out of print). Since it is easy to construct
and shows diffraction effects nicely, we should like
to present here a version of it that we constructed
recently.

Figure 1 shows the arrangement. The grating is
made from 3 cm wide tin strips (plastic or wooden
laths would serve just as well), nailed at 3 cm inter-
vals on a wooden frame 60 × 60 cm. A tiny loud-
speaker, serving as a ‘point source’, is obtained
from the inside of any digital multimeter: we extend
the internal leads to it by 50 cm and take it outside
the meter. It is activated when the setting on the
meter is ohms, range 200 � testing for continuity.
Its frequency can be measured, and is around
4000 Hz, corresponding to a wavelength of about
8 cm. After the present use it can be replaced in the

multimeter. A small loudspeaker, not more than
3 cm in diameter, driven by a signal generator, would
do equally well.

Figure 1. Apparatus for sound wave diffraction.
Left to right: reflecting surface, loudspeaker,
grating, microphone and oscilloscope.


