
F R O N T L I N E

286 P HYSI C S E D U C AT I O N

Where teachers share ideas and teaching solutions with the wider physics teaching community: contact ped@iop.org

July 2003

Two more components of the set-up were salvaged
from junk: a large spherical reflector from a radiant
electric heater serves as a reflector of sound waves
(or use a satellite TV dish), and an old-style col-
lapsible fan-like reflecting dish of a flash unit, in the
middle of which we set the loudspeaker, instead of
the flashbulb, thus facing the reflector at the height
of its central axis. The reflecting surface from an old
car headlamp would be just as good. The loudspeaker
is set at the focal point of the large reflector, from
which an approximate plane wave is radiated towards
the grating some 1.5 metres away.

A small microphone, the smaller the better so as
not to disturb the sound field, connected to an oscil-

loscope picks up the diffracted sound behind the
grating. As the microphone is moved across the grat-
ing some 50 cm behind, the oscilloscope trace shows
diffraction peaks and minima.
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A P PA R AT U S  T O  B U I L D

Simple equipment for imaging AC

One very effective way to demonstrate the differ-
ence between direct current and alternating current
is to use red and green LEDs, as shown in figure 1
[1]. Since the direction of the red diode (LED) is
opposite to that of the green one, when a DC volt-
age is applied, only one of them is constantly
switched on. When an AC voltage is applied, the
two are switched on and off alternately. This means
that if these diodes are swung quickly in front of
the student’s eyes (or if a student moves their head

in front of the equipment) they experience the after-
images shown in figures 2(a) and 2(b) [1] for direct
current and alternating current, respectively.  

This tool is easy to make and is used in many
schools, but it can only indicate the direction of the
electric current, and learners cannot visualize the
magnitude of a current or potential difference.  Oscil-
loscopes are fine for showing how voltage changes
with time, but they are difficult for young students
to set up, and they are expensive, so we have devel-

Figure 1. Teaching tool to demonstrate the
difference between direct current and alternating
current.

(a) 

(b) 

Figure 2. Afterimages of direct current (a) and
alternating current (b).
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Red LEDs for positive voltage 

Green LEDs for negative voltage 

Yellow LEDs for 
time scale 

Figure 3. External appearance of our AC display and the LED array on it.
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Figure 4. Circuit diagram of the AC display.
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oped a new tool which shows how an AC voltage
changes with time, using the afterimage effect of
the LEDs. 

How to make the AC imager
The external appearance of our AC display is shown
in figure 3. The main part of this tool is an array of
23 LEDs. Ten red LEDs indicate the magnitude of
the voltage applied in the positive direction while
ten other green ones indicate that in the negative
direction. The other three yellow LEDs are switched
on and off every 1/50 second to function as a time
scale.

The circuit diagram of this tool is presented in fig-
ure 4. The TA7612AP in it is a level meter driver
with a linear scale and is usually used for a ten LED
bar display. In this work, we used two TA7612APs,
one for each direction of the AC voltage. One is con-
nected to ten high luminosity red LEDs (PARA L-
513LE1T) and the other to ten green ones (PARA

Figure 5. Time scale bars to indicate 50 Hz.

Figure 6. Typical image of the AC display when DC
voltage was applied.

Figure 7. Images observed when AC (50 Hz)
voltage was applied. (Swing velocity of the camera
increases from top to bottom.)
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L-513SGT3). When a voltage is applied positively
between terminals A and B, one or more red LEDs
are switched on. The number of diodes switched on
is determined by the magnitude of the applied volt-
age. When the voltage is applied negatively between
A and B, one or more green diodes are switched on
according to the magnitude of the applied voltage.
The range of the applied voltage is 5 V.

The high luminosity yellow LEDs (PARA L-
513LY4T) are connected to the 555, which pro-
duces accurate timing pulses of 50 Hz. This means
that these yellow diodes function as a time scale
bar as shown in figure 5 when the display is swung
quickly in front of a student’s eyes.

Photographing the image
Two possible methods can be used to take a picture
of the image that is the same as the student’s after-
image using a digital camera:
1 The AC display is swung in front of the digital

camera whose shutter is kept open.
2 The AC display is fixed in front of the digital

camera whose shutter is kept open, and the
camera is rotated horizontally. 

The former corresponds to the afterimage a student
can experience when the AC display is swung in
front of his eyes and the latter corresponds to that
when a student swings his head in front of the AC
display. Although we usually swing the display in
front of the students, figure 5 and the subsequent
pictures were taken by the latter method.   There is
no significant difference between these two images
but the latter is technically superior because the dis-
tance between the AC display and the camera can
be kept constant more easily. 

Using the equipment
When a DC voltage (+1.5 V) was applied, the image
of the AC display was obtained as shown in figure 6.
If a student recognizes that the number of switched-
on LEDs is constant, they can easily understand that
the direction and the magnitude of the voltage are
not changing at all. For the yellow diodes, the length
of one on–off cycle corresponds to 1/50 s. 

The images obtained when the AC voltage (±5V)
was applied are shown in figure 7. In this case, stu-
dents can easily recognize that not only the direc-
tion but also the magnitude of the applied voltage

Figure 8. Images of the AC display when half-wave rectified AC (left) and full-wave rectified AC (right)
were applied and their images displayed on an oscilloscope.
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is changing. Besides, using the time scale bars of
the yellow diodes, it is easy to recognize that the
frequency of the applied AC voltage is equal to
50 Hz.

For half-wave rectification and full-wave rectifi-
cation, the images obtained are shown in figure 8.

We expect this equipment to be very useful at
school because it not only helps to explain AC but
it also explains some of the functions of an oscil-
loscope.  

The components to make each AC detector are
only about $10 (excluding batteries) so we can pre-

pare many sets for one class, enabling every stu-
dent to experience it by himself.
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At W5 Belfast we start this workshop with several
interactive activities, which explore magnetic fields
and  the magnetic effect of a current and explain the
production of vibrations and hence sound. 

This investigation helps teach what can be a con-
ceptually difficult topic in an innovative way, using
everyday objects to bring relevance to pupils. 

Each group needs: 
� any personal music player with an earpiece

socket (playing rock music!); 
� sandpaper; 
� selection of containers (tin cans, plastic cups); 
� access to a sound intensity meter (optional).

Additionally each pupil needs:
� film canister lid; 
� neodymium magnet 10 mm × 8 mm; 
� 4 m enamel coated resistance wire, e.g. 32 swg; 
� 1 earpiece jack; 
� small piece of Blu-tack.

Use the Blu-tack to attach the magnet to the cen-
tre of the film canister lid. Draw the Blu-tack up the
sides of the magnet. 

Wrap the wire around the magnet (ensure that a
20 cm length of wire is left hanging)—the Blu-tack
will keep the wire in place—take note of how many
turns are in your coil—leave 20 cm of wire at the
end.

Using the sandpaper remove 1 cm of the enamel
coating from the end of each wire. Unscrew the jack.
Push the wires through the black plastic section.

Thread each end through one of the two metal con-
nectors. Twist each wire to make a firm connection.
Re-screw the jack together. 

Plug your jack into the radio/cassette player.
Switch volume to maximum. Place the canister lid
to your ear and enjoy!

Any of the empty containers can be used to
amplify the sound by attaching the flat surface of
the canister lid to its base. Pupils can experiment
with different containers, different coils and dif-
ferent wires.  You can use the sound intensity meter
to compare loudspeakers.

For more information about W5 and exhibits
which support this workshop, please contact me at
suemcgrath@w5online.co.uk or visit our website
www.w5online.co.uk

Sue McGrath
W5, Odyssey, Belfast, UK

I N E X P E N S I V E  E X P E R I M E N T S

Loudspeakers à la W5


