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M a g n e t i s m

Magnetism gets mysterious
This simple demonstration can be used to intro-
duce the concept of magnetism. Show your class 
two lengths of rope. Give one to a student while you 
handle the other. Get the student to tie the two ends 
together, making a loop, while you do the same 
with your piece. Finally, take the student’s rope 
loop and link it to your rope loop, in interlocking 
configuration, in full view of the class.

So how do you achieve this? You will need two 
pieces of soft rope about 1 m in length and 1 cm 
in diameter. Ideally the ropes should be different 
colours for ease of handling. Cut one length of rope 
at a point around three-quarters along its length 
(figure 1). A portion of the innards from the cut 
ends should be carefully removed with scissors 
to create ‘pockets’ about 1 cm deep. Into each of 
these pockets insert a small cylindrical magnet 
of an appropriate size so that its open end is flush 
with the cut end of the rope. Opposite polarities of 
the magnets must be maintained at the ends. A bit 
of glue will be needed to secure the magnets into 
the rope. When the cut ends are brought together, 

the opposite poles of the magnets will attract each 
other, making it virtually impossible to detect that 
this piece of rope is actually two pieces. 

To present the demonstration, take the prepared 
rope yourself and offer the other length of rope to 
a student. Ask them to examine the rope to ensure 
that it is nothing out of the ordinary. You both then 
tie the open ends of your ropes together, creating 
loops (figure 2). Take back the piece of rope from 
the student and hold it together with your rope in 
such a way that the (concealed) cut ends of your 
rope are in the palms of your hands. Apply a bit of 
force with your fingers to separate the cut ends of 
your rope just enough so that the other rope can be 
inserted inside the loop. Bring the cut ends of your 
rope together so that the loop is whole again. Now 
show the linked ropes to the class (figure 3). To 
unlink the ropes, reverse the process. 

The physics principle involved is simple—that 
opposing magnetic poles attract each other when 
brought close together—but it has been cleverly 
concealed in this set-up. Traditionally, this prin

used to measure the rate of rotation of the pedals.
The aim was to produce a means of showing stu-

dents at primary and secondary school level how 
electricity is generated on a scale where they can be 
involved directly in the energy conversion. The bicy-
cle generator is part of a circus of experiments using 
hand-turned generators, solar cells and wind tur-
bines that will be taken on a tour of local schools. 

To develop the project, we intend to modify it to 
drive a decade meter, consisting of a series of bulbs 
that light up in turn as more electrical energy is pro-
duced. Gearing would also be good, but is an added 
complication that we deemed unnecessary.

This is a simple project that, with the aid of a small 
amount of welding, can be put together quickly and 
cheaply. Apart from the T-piece, everything was 
constructed in the laboratory prep room from scrap 
or recycled materials. The total cost (not including 
the T-piece) was less than £50.  

John Kinchin, assistant headteacher, The Kings 
School, Peterborough, UK

Figure 2. The finished product with a simple 
‘tower of power’ display. This consists of five 
24 W bulbs and a voltmeter. 
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In the study of light, the human eye and vision, 
the production and processing of an image by the 
eye and the brain present a fascinating chapter for 
extending the horizon of the student beyond what is 
normally taught in geometrical and physical optics. 
It affords a rich field of experimentation with rather 
simple means [1]. Among the topics that can be 
explored are visual illusions.  

The human brain can often identify three-dimen-
sional objects and motion from a two-dimensional 
picture, even when viewing with one eye, without 
any stereoscopic aids. It avails itself of some sim-
ple clues to do this. For example, a hidden object 
is farther away than the barrier obstructing it; and 
distant objects have blurred or faded colours.

When it comes to shadows, none of these clues 
is useful, and depth and distance are judged from 

the relative size of the shadow. However, unlike 
a regular image, shadow size is not proportional 
to its distance from the observer but rather to the 
distance of the object from the light source. This 
feature makes it possible to play tricks on the brain 
and create interesting visual illusions. 

The rotating shadow illusion exhibited in the 
Bloomfield Science Museum, Jerusalem, is created 
by means of a semitransparent glass screen behind 
which various objects, such as plastic animal dolls, 
are placed on a rotating platform and illuminated 
from behind by a 12 V (50 W) halogen spotlight 
(figure 1). As the objects rotate, their sharp shad-
ows are cast on the screen.

Although the shadows are two-dimensional, the 
viewer immediately perceives that there is rota-
tional motion, in which the dolls not only move 

O p t i c s

Rotating shadows fool the human eye and brain

ciple is illustrated just by bringing two bar magnets 
close together but this ‘trick’ demonstrates it in a 
more intriguing fashion. 

To foster critical thinking, ask your class how it 
might have been done. This conversation is always 
illuminating and enriching, and may supply new 
ideas for demonstrations. When you reveal how the 
trick was done, encourage the students to fabricate 
their own versions. This can be of significant help 

in aiding successful learning. 
The simplicity of the set-up is important. The 

ropes and magnets are easily and cheaply available. 
A quality but expensive version of the set-up can be 
purchased from magic shops. 

R Subramaniam, National Institute of Education, 
Nanyang Technological University, Singapore 
(e-mail subramaniam.r@nie.edu.sg)

Figure 1 (left). The two lengths of rope, with the secretly cut ends in view. Figure 2 (middle). The 
lengths of rope tied into loops. Figure 3 (right). The two rope loops linked together. David Toh is 
thanked for his assistance with these photographs.


