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L enses play an important role in 
teaching optics. In most appli

cations lenses with a fixed focallength 
are used. Sometimes, however, it would 
be very useful to possess lenses with an 
adjustable curvature. With such a lens it 
is possible to show in a direct way how 
the focallength of a lens depends on the 
curvature of its surfaces, and in addition 
the lens is an excellent model for the 
lens of the human eye. 

For this purpose lenses have been 
developed in the past using transparent 
and flexible membranes for the surfaces 
of the lens with water as the refracting 
medium. The curvature of the mem
branes then can be regulated through the 
pressure of the water in the lens. 

In our experience, however, this 
modeliens is not sturdy enough to fulfill 
the rough conditions of laboratory 
work. Therefore we looked for another 
more suitable method and developed 
the experimental setup that is drawn 
schematically in Fig. 1. 

The idea of this method is to achieve 
a suitable curvature of a free water sur
face by means of an electric field that 
can be genera ted between the electrode 
E and the water surface. Since water 
molecules possess a large electric di
pole moment, they experience a force in 
the inhomogeneous electric field. 
Therefore the surface is defonned until 
there is equilibrium between the electric 
force, the gravitational force, and the 
surface tension. The result is a mound
like defonnation of the water surface 
opposite the electrode. This curved sur
face region acts like a lens, as can be 
shown easily by fonning images. The 
height of the "mound" and the corre
sponding curvature depend on the elec-
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Flg. 1. Schematic ot the experimental setup tor the lens with an adJustable focallength. 
E: electrode (4) .. 3-5 mm)i h: thickness of the water layer (h .. 5-10 mm); 8: distance 
between the water surface and the electrode (8 .. 5 mm); R: protective resistor (R " 100 
MO); U: adjustable high voltage (Um..:" 15 kV); B: dlaphragm (diameter .. 5-10 mm); L: 
light source (12 V, 50W), which represents a brlght oblect; d: dlstance between the mound 
and the light source (d" 1 0-20 mm); G: vessel with a transparent bottom (e.g., metal ring 
diameter" 10 cm with a glass plate glued to one slde); S: screen. 

tric field strength, which can be varied rather small (some mm2). Therefore the 
by the voltage U. lens has a small relative aperture, and it 

Nonnal laboratory equipment is is necessary to use bright objects for the 
used for the experimental setup. AI fonnation of images. We found that the 
though it is not difficult to assemble the filament of the light source being used 
different parts, it is nevertheless useful serves very weIl as the object. 
to optirnize the setup by varying the The focallength can be varied from 
electrode distance a, the voltage U, and infmity to about 3 cm. The correspond
the displacement d. It turns out that the ing volta ge U then varies from 0 to 
useful region of the mound that acts Iike about 9 kV. The lower limit of the focal 
a lens and produces good images is length is achieved when the necessary 
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electric field strength is high enough to 
provoke an electric discharge between 
the electrode and the water surface. 

For example, an object (f1lament) Ws
tance d - 8 cm and an image distance dio 
... 3 m yields the focallengthf'" 7.8 cm, 
which can be achieved through a voltage 
of8 kV in oursetup. When the voltage is 
augmented, the focal length decreases 
and therefore the image distance too. A 
voltage increase from 8 to 8.9 kV 
changes the focallength from 7.8 to 4.4 
cm and the image distance from 3 m 10 
10 cm. Natumlly, these values depend 
on the chosen experimental setup, espe

cially on the distance between the elec
trode and the water surface. 

Concluding, the described experi
mental setup is weil suited to demon
stmte in a direct way-even to a large 
audience-how the focal length of a 
lens depends on the curvature of its sur
faces. We invite the reader to try other 
liquids or another form of electrode to 
optimize the set up. This method may 
also be used to initiate a discussion of 
the formation of images through aspher
ical surfaces, a current suhject in tech
nical optics. 

"A Golden Oldie" 

Thermodynamic Transport 
ofEggs 

Here is an interesting demonstration that can 
help students study the relationship between tem
perature and the pressure of gas when the gas 
volume is kept constant. 

Cook an egg and take off its shell. Prepare a 
flask whose hore is a titde smaller than the egg. 
Fix the flask on an iron stand with its mouth 
upward, and then light a piece of paper and put it 
into the flask. When the paper is almost com
pletely bumed. seal the mouth of the flask with 
the prepared egg (see Fig. 1). To your surprise, 
when the fue has gone out, you will fmd that the 
flask is slowly inhaling the egg. This is because 
as the trapped gas in the flask cools, its pressure 
gets smaller. When the pressure of the gas in the Fig. 1. 
flask is smaller than the atmospheric pressure 
outside, the atmospheric pressure presses the egg 
into the flask. 

Ifyour students know Charles's law, you can 
ask them to think ofa way to get the egg out using 
thisJaw. Here's how to do it. 

Fix the flask on the iron stand with its mouth 
downward, making the egg seal the mouth of the 
flask from inside. Then apply heat around the 
flask (see Fig. 2). As the temperature of the gas 
in the flask rises, its press ure rises too. When the 
pressure of the gas in the flask is larger than the 
atmospheric pressure outside, the egg will be 
pressed out. 

This is an easy and entertaining demonstration 
Fig.2.

that dramatically illustrates some simple physics. 
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MAXWELL helps students 
understand electrodynamic 
phenomena by displaying the time 
dependent evolution of electro
magnetic fields for different 
configurations. Students can view 
simulations of plane waves, 
solenoids, capacitors, and 
magnetron tubes, or they can 
create their own scenarios. This 
unique presentation of 
discretized Maxwell's equations 
presents E&M theory with a 
minimum of formal mathematics. 
MAXWELL can also be used as a 
practical engineering design tool 
for low-resolution analysis of 
E&M devices. 

Includes 84-page User' s Manual. 
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