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H elping students understand 
physical phenomena can be 

rather difficult at times. Everyone 
sees optical effects i n  the real 
world-reflections in a car's rear- 
view mirror, scattering making the 
sky blue, diffraction of street lights 
through a window screen, and 
Moire fringes in household curtains. 
Many of these effects go unnoticed 
and are hard to bring into the lec- 
ture hall. 1 have developed a series of 
experiments using a water-filled fish 
tank to display principles of optics 
such as refraction, reflection, scatter- 
ing, and  interference, as well as 
demonstrate a simple water-based 
system for optical communication. 

What you need 
The primary piece of equipment 
ou'll need is a fish tank! For the ex- 
eriments described, a small (5 gal- 

ular shaped acrylic tank 
is recommended. 
The only other ma- 
jor piece of equip- 
I ment is a l i gh t  

quire a collimated 

source. Most of the 
exverirnents re- 

)sigura %. Layout for showing refraction. 

Figura 2. Optical fish tank showing total internal reflection. 

beam of light; for this, I prefer an 
HeNe laser. Other laser sources can 
be used, but the HeNe laser is the 
cheapest solution barring diode 
lasem2 Additional equipment in- 
cludes stands, catch buckets, milk or 
dye, sponges and rags, and, of 
course, water. You should also bring 
a sense of humor, since water can 
make for a wet experience. 

I begin by telling the students 
tha t  the laser beam is virtually 
monochromatic, or  made up  of 
"one color," and that it is directed, 
which means it propagates in one 
direction and is hard to see from an- 
gles away from its direction of prop- 
agation. I then caution them that 
looking into a laser is not a very 
good idea. Even though the HeNe 
laser is typically low power ( i .e . ,  a 
maximum of 5.0 mW) the power is 
directed along a very narrow bearn, 
unlike room lights that emit up to 
100 W in all directions. For this rea- 
son, 1 caution everyone never to look 
into a laser beam, and-always to be 
wary of stray reflections. In my expe- 
rience, kids always want to look into 
the laser, no matter what I tell them. 

SGatOering 
To show that the laser's beam is di- 
rected, it is useful to pat chalk dust- 
filled erasers together over the beam 
path with the room lights off. You'll 
get some oohs and ahhs as the stu- 
dents see that light is actually there. 
Explain that this mini-light show is 
due to the laser's light scattering off 
the chalk dust particles. 

Next, position the laser so that it 
shines through the water-filled fish 
tank, from one end to the other. Ask 
your audience if they can see the 
beam. They should say no, but often 
there are impurities in the water 
that allow it to be viewed (especially 
for dark-adapted eyes). 

To make the bearn visible, add an 
impurity, such as milk or yellow 
food coloring, to the water. Be fru- 
gal with how much you add, since 
the milk or food coloring is a loss 
mechanism for the laser beam. I 

have discovered the hard way that a 
demo can be ruined if you add too 
much to the tank. A little milk goes 
a long way, and be wary of cream- 
a drop can sometimes be too much. 
Ask the audience why they can see 
the beam now. In your explanation, 
you may want to talk about the blue 
sky and Rayleigh scattering. 

RekaGCion 
Now place the laser on a stand so that 
it can be directed down toward the 
surface of the water at an angle to 
normal incidence (see Fig. 1). Ask the 
students if they can see that the laser 
beam changes directions at the sur- 
face qf the water, Describe refraction 
to them, explaining that light takes 
the shortest path through any materi- 
al, and discuss Snell's Law with more 
advanced students. To help motivate 
the students, it is useful to ask if they 
have e m  noticed this phenomena. If 
there is no response, ask if they have 
looked at objects under water (e.g., in 
the swimming pool) and misjudged 
the objects' location until they put 
their head underwater. 

RetTedbn 
For reflection, simply show that 
there is some light bouncing off the 
bottom of the fish tank. The angle at 
which the light is reflected with re- 
spect to the normal is the same an- 
gle as that with which it strikes. Of 
course, the light then hits the sur- 
face of the water and it refracts out 
of the water. You may be able to see 
another reflection coming off the 
surface of the water and heading 
back down into the tank. This effect 
will be maximized in the n e a  step, 
total internal reflection. 

Toltal itemal eflec5on 
Total internal reflection (TIR) oc- 
curs when light, originating in the 
medium of the greater index (in this 
case, water) hits the interface at an 
angle greater than the critical angle, 
which is about 48.8". 

Set up the system so that the 
laser is Cor~tir~ueci or1 pllge 53 
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agement for students to develop 
the characteristics they need to 
meet the challenges of today and 
tomorrow. 

Thus, IC emphasizes team activity 
and cooperative learning for both 
students and faculty. A joint ap- 
proach to development, it fosters 
continuous improvement through 
feedback, assessment, and critiques 
of methods and outcomes. 

R&rences 
I. B. Winkel and J. Froyd, "A new 

integrated first-year core curriculum 
in engineering, mathematics and 
science: A ~roposal," Proceedings of 
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angled downward once again, but this 
time it should hit below the water line 
through one end of the tank (see Fig. 
2, page 50). You should be able to ob- 
serve the laser beam bouncing up and 
down from the bottom of the tank to 
the surface. (It may help to place a 
mirror on the bottom of the tank.) 
The beam will ultimately emerge 
from the other end of the tank. The 
number of bounces the laser beam 
makes depends on the angle of the 
laser to the normal of the tank's end, 

Next month, we'll discuss optical 
fishtank systems, including the fa- 
mous luminous fountain and an op- 
tical communication system using a 
water waveguide. 

R*lrenees 
1. Glass tanks are cheaper, but they 

are heavier and more susceptible 
t o  breakage than acrylic. Next 
month's experiments require a 
tank with a hole, and it 's also 
much easier t o  drilt a hole in plas- 
tic than in glass. Larger tanks are 
harder to take on the road, and 
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the illuminating beam of light via 
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densities and different optical properties must be char- 
acterized. Lastly, consider the possibility of applying 
flow cytometry15 to particle analysis. Complex mixtures 
of particles could flow past the microscape, with indi- 
vidual particles being characterized, and possibly sorted 
electronically, as they go. 

Optical methods have a great potential to revalution- 
ize forensic analysis of trace evidence over the next 
decade. This revolution will come from methods that will 
allow size, morphology, and optical properties to be si- 
mdtaneousiy determined in a way that allows standard- 
ization among laboratories, efficient analyses, and the 
generation of databases that will assist interpretation. 
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