
Light Touch 

Polarization Experiments with Light Waves 
I recently became intr igued w i th the 
idea that al though it 's fun to show 
young people many of the fascinating 
things that l ight does, it might also be 
quite interesting and chal lenging to 
demonstrate what l ight is, as opposed 
to what it does. The September "L ight 
Touch" was the first of two articles deal
ing wi th this subject. This is the second. 

A s discussed earlier, even the con
cept of a t ime-varying electro-magnetic 
f ield is quite a sophisticated one wi th
out having to deal w i th par t ic le /wave 
duality. We blithely talk of l ight waves, 
but p robab ly few youngsters have 
much idea of what a l ight wave is, or 
what exactly is wav ing. In m y previous 
article, I introduced the concept of elec
tric and magnetic force, the idea that 
this force may vary over distance and 
may be thought of as a f ield, and that 
this force may vary i n time. In this ar
ticle, we l ink this t ime-varying f ield 
w i th light. A s noted in the first article, 
these experiments are not or iginal, but 
the discussion that fol lows w i l l show 
how you can use the experiments to 
help a young fr iend understand some
thing new and interesting. 

For these experiments, you w i l l 
need a phone w i th a cord (or a sl inky), 
a piece of calcite crystal, two pieces of 
polar iz ing filter, and some clear glass 
such as a glass cookie jar. These may 
normally be obtained at locations such 
as a science museum or in catalogues 
such as Edmund Scientific. 

We ended the first article w i th a 
brief demonstration of a magnetic f ield 
that changes in time. This was done by 
holding one magnet under a paper and 
another above the paper. The lower 
magnet was moved back and forth, and 
the upper magnet could be seen mov
ing in response to the changing f ield. 
Unfortunately, we can't move the mag
net fast enough, by hand, to create v is
ible light. (We wou ld have to wiggle 
the magnet approximately 5X10 1 4 times 

per second.) W e w i l l switch to experi
ments w i th l ight and phone cords to 
help understand the behavior of the 
light. 

If you hold a telephone receiver 
and move it back and forth, the coiled 
cord that connects the receiver to the 
main part of the phone w i l l move in a 
wave motion. Let youngsters try this, 
and encourage them to see if they can 
get it to wave back and forth smoothly 
l ike a fast swing (i.e., to create a stand
ing wave). Have them stretch the cord 
longer, and see that the cord has to be 
moved faster to produce a steady pat
tern. Y o u can tell them that this is an 
example of a wave. When you move 
your hand back and forth faster, you 
move it more frequently, and the wave 
is said to have a higher frequency. 

In l ight, we see different frequen
cies as being different colors. Y o u can 
squirt some water w i th a hose or a spray 
bottle in the sun and let the chi ldren 
see the rainbow. Expla in that the l ight 
is being separated into blue light, in 
wh ich the magnetic and electric fields 
wave at a higher frequency, red light, 
w i th a lower frequency, and the colors 
and frequencies that are in between. 

Go ing back to the phone cord, let 
the youngsters try mov ing the phone 
receiver horizontal ly, to create a hor i 
zontal wave, then let them try vert i
cally. Point out that the wave can move 
in either direction. Y o u can also try com
bin ing the two. If you get a good hor i 
z o n t a l w a v e s ta r ted , y o u can 
immediately switch to vertical mot ion 
of the hand, and you w i l l probably get 
a nice circularly polar ized wave. (I felt 
it best to avoid the issue of circular 
polarizat ion, and s imply described this 
as a wave that has both vertical and 
horizontal motion.) 

In a similar way , l ight can have 
both the fields wav ing i n either a hor i 
zontal direction, a vertical direction, or 
in any combination of these. Y o u can 
explain that sometimes the results of 
this are pretty wei rd. To demonstrate, 
have the youngster draw a black dot on 
a piece of white paper, then put a piece 
of calcite crystal over the dot. Y o u 
should see two dots. Y o u can explain 

that calcite is a special material that 
transmits the vertically polar ized light 
slightly differently than it does the hori
zontal ly polar ized light, so that is splits 
the two apart. Just as you could com
bine the two types of waves wi th the 
telephone cord, you can separate the 
two polarizat ion components in light, 
w i th a piece of calcite. Have the young
ster rotate the calcite so that he or she 
can see the two dots rotate around each 
other. 

Next, take a piece of polarizer, and 
ho ld it over the calcite. Y o u should be 
able to turn it to an angle such that it 
w i l l make one of the dots disappear. To 
explain how this happens, you can tell 
the youngster that there are materials 
that w i l l block l ight polar ized in a cer
tain direction. Go ing back to the phone 
cord, get a horizontal wave going in 
the air, then s lowly br ing the phone 
and receiver down to a horizontal sur
face, such as a table or bed. The wave 
should continue wi th almost no change. 
N o w try the same experiment w i th a 
vertical wave. The flat surface of the 
table w i l l stop the wave. Just as the 
table blocks the vert ical ly po lar ized 
phone cord wave, the polar izer can 
block the l ight polar ized in one direc
tion. If you used a vertical surface such 
as a wa l l , it wou ld block the hor izon
tally polar ized phone cord wave. Ask 
the youngster what w i l l happen if you 
turn the polar ized filter 90°, and let 
them try it. Y o u should see the first dot 
reappear and the other dot disappear. 

N o w ask what if you took two 
pieces of the po la r i z i ng f i l ter, and 
turned one piece one way, and the other 
piece the other way. Let them try this, 
ho ld ing up the two pieces in the air 
and looking through them, whi le turn
ing one so that you can demonstrate 
cross polar izat ion versus paral lel. Y o u 
can explain that when the filters are i n 
the cross-polarization posit ion, one of 
the polarizers is blocking the vertically-
polar ized light, and the other is block
ing the horizontal ly-polar ized light. 

Show the youngster how to ho ld 
the two pieces in the cross polarization 

continued on page 78 
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direction, partly overlapped, and move 
them back and forth over the calcite. If 
they are at the right orientation with 
respect to the crystal, you should see 
that one piece blocks one dot, and the 
other piece blocks the other. In the re
gion of overlap, both dots are gone. If 
you hold the two pieces in the parallel 
polarization direction (i.e., not cross 
polarized), each piece should block the 
same dot. The other dot is not blocked 
by either piece. See if the youngster 
can figure out what is happening here. 

So far we haven't actually mea
sured the electric field or the magnetic 
field "waving" back and forth, but we 
have seen some strange behavior that 
results from this wave motion. You can 
let the youngster experiment a bit more 
by holding a piece of polarizer, and 
looking at various things while turning 
it. Most objects will show no change, 
but sky light, for example, will appear 

darker or brighter as the filter is turned, 
particularly if you are looking about 
90° from the sun. 

A delightful experiment, from 
David Burnie's Light,1 is to stick a few 
pieces of clear tape over a piece of glass 
so that various sections have varying 
numbers of layers of tape. Now, look 
through the tape at a light source while 
holding one piece of polarizer in front 
of the glass, and one behind. You should 
see beautiful colors that change as the 
polarizers are rotated. Burnie explains 
that this happens "because the differ
ent thicknesses of tape twist the polar
ized light wave by different amounts, 
according to their color." I was sur
prised at what a beautiful, simple ex
periment this was; I got brilliant colors 
from only four or five layers of tape on 
the side of a glass cookie jar. I held one 
polarizer inside the jar and one outside 
(thus getting caught with my hand in 

the cookie jar). You might even want to 
help the youngster make a pretty art 
form by sandwiching a tape pattern and 
the two polarizers on the front of a box 
that holds a small light bulb. 

Without a thorough study of the 
physics of wave motion, Maxwell's 
equations, etc., it's not possible to re
ally understand the concept of an 
electro-magnetic wave. But one hopes 
these experiments will give a young
ster at least a glimpse of a concept. With 
any luck, you will have demonstrated 
some interesting phenomena, and per
haps helped instill the idea that the re
alities of physics can be at least as weird 
and fascinating as anything thought of 
by science fiction writers. OPN 
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lute frequency stabilization by locking 
the second harmonic to molecular io
dine absorption lines near 660 nm. Sub-
MHz laser frequency stability at a 
(vacuum) wavelength of 1319.098 nm 
was reached by locking the second har
monic to the center of the P(48)6-6 tran
sition. 

The quasi-phase-matching wave
guide frequency doubler was fabricated 
by the formation of a ferroelectric do
main grating on the surface of a LiNbO 3 

wafer, followed by a channel waveguide 
parallel to the grating wavevector. The 
domain grating was made using the Ti 
indiffusion technique for ferroelectric 
domain inversion. 

The absorption lines of molecular 
iodine were used as the frequency refer
ence for the Nd:YAG laser stabilization. 
By ramping the laser temperature, a 
continuous frequency scan of 15 GHz 
(at 1319 nm) between mode hops was 
achieved. 

A second 15-cm I2 cell held at 38.5° 
C was used to evaluate frequency stabil
ity. This independent monitoring of the 
stability was required to observe fre
quency fluctuations resulting from servo 
electronics and the cell used for locking, 
which could not be detected by direct 
measurement of the closed loop error 

signal. 
The researchers say an important 

feature of their system for precision met
rological measurement is that two sta
bilized, harmonically-related wave
lengths are available. The technique of
fers an alternative method of wave
length and frequency control in ad
vanced multiple-wavelength optical 
communications systems. OPN 
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to funding bias) limited how much op
tics could be taught. 

For more information on getting 
optics into your classroom, contact 
Drew Pommet or A l Ducharme, 
CREOL—Center for Research in 
Electro-Optics and Lasers, 12424 Re
search Parkway, Orlando, Fla. 32826; 
dap@sphinx.creol.ucf.edu;  
add@infrared.creol.ucf.edu 

For information on student chap
ter grants, contact Jan McInnis in the 
OSA Membership Department, 202/ 
416-1470. OPN 
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