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Optics at the creek 
BY TOM BERTO 

At the bottom of a canyon, the 
clear, cold waters of a creek 

make their way noiselessly to the 
Pacific. The heat of the warm spring 
day hasn't yet reached through the 
canopy of big-leaf maple trees. Over 
the surface of the stream, a tiny gnat 
that didn't stretch properly before 
flight pulls a wing muscle and short
ly thereafter tumbles into a sunlit 
patch of water. Because live gnats 
don't sink, but do have some parts 
that "wet" with water, the gnat 
becomes trapped on the water sur
face and can't fly off. A water strider, 
Gerris lacustris, senses the ripples 
generated by the struggling insect, 
skates over, and has lunch. 

As kids, we used to imagine water 
striders were "enemy PT boats;" 
we'd throw hundreds of rocks in 
their direction, trying to "sink" 
them. I've mostly grown up by now, 
and don't throw rocks at water strid
ers (or girls) anymore. Rather, I've 
come to appreciate their elegance, 
speed, and most of all their ability to 
walk on the surface of the water. 

When in direct sunlight, the 
water strider unwittingly works with 
the water surface to create a distinct 
shadow pattern—four to six black 
dots, surrounded by white rings— 
on the creekbed below. The pattern 
is so pronounced that it is usually 
more visible than the strider itself. It 
is caused by the refraction of sun
light hitting the dimples in the water 
surface where the strider's legs touch 
(see Fig. 1). 

The shapes of the dimples, which 
cause them to cast a shadow, are due 
to the interacting effects of surface 

tension and gravity. Each dimple 
acts as a rimless lens, bending light 
outward, away from the thin, ordi
nary shadow cast by the leg. The 
refracted light is concentrated 
around the dark spots, giving them 
a bright halo (see Fig. 2). 

Surface tension and dimple shapes 
In a body of water, the mutual attrac
tion of water molecules is balanced 
within the bulk of the water, but not 
near the surface. Near the surface, 
molecules feel a net inward pull, 
which tends to minimize surface area. 
Conversely, the creation of area takes 
energy, and constant work is required 
to create a certain area of free surface 
turns out to be a constant. Having 
the units of work/area, or 
force/length, this quantity is called 
surface tension. For a water/air inter
face at 18°C (64.4°F), the value of 
surface tension is .073 Newtons/ 
meter (N/m). 

One result of surface tension is a 
pressure jump across any curved 
interface. For a general surface, this 
pressure jump is: 

in which Pi = pressure "inside" the 
surface; Po = pressure "outside" the 
surface; r1, r2 = the principal radii of 
curvature; and σ = surface tension.1 

The radii may have opposite 
signs, if they have centers on oppo
site sides of that interface. In those 
cases, it's convenient to remember 
that the pressure is higher on the 
inside of the smaller radius. 

The dimples in the water surface 
have a shape dictated by the equilib
rium between the hydrostatic pres
sure increase (proportional to the 
depth of the dimple), and the pres

sure increase caused by the curvature of the interface. This relation 
can be used to calculate the shape of 
the interface, either by solving the 
differential equation or by using a 
spreadsheet. 

Spreadsheet modeling 
I used a spreadsheet to model a two-
dimensional dimple. It iterates side
ways from a minute depression in 
the undisturbed water surface, cal

culating the hydrostatic pressure, 
then the radius, new depth, new 
pressure, etc. Along the way, it out
puts depth, angle, and radius versus 
distance along the surface. Knowing 
the angle of the air/water interface 
makes creating a raytrace easy. 

The term "tension" brings to 
mind a surface "film,'' akin to a 
drumhead. Although no such film 
exists, the concept is valid mathe
matically and is useful in calcula
tions. In this case, it allows us to 
estimate the angle of the interface at 
each leg from the weight of the 
water strider (and with a few sim
plifications). By using that angle in 
the spreadsheet, we can see how 
deep the dimple is and how wide 
the spots are. 

Consider a mature water strider, 
waiting for a gnat on the surface of 
the stream, in a sunny spot 4" deep. 
With a mass of approximately 
100 mg, it bears down on the inter
face with about .001 N of force. If 
supported by a vertical "film" of 
interface, only .001/.073 = .014 m, 
or 14 mm of interface would be 
necessary. Estimate further that the 
six contact dimples of the water 
strider's legs have a total contact 
length of 30 mm, and simplify by 
neglecting the ends of the dimples. 
Since each side of the dimple con
tributes to the upward force on the 
leg, we have 60 mm of film length 
supporting the water strider, so the 
interface angle is given by: 

Using this angle in the spread
sheet, we find that each dimple is 
.0006 m, or 0.6-mm deep. Of more 
interest to us is that light passing 
through the base of the dimple is 
refracted 10.5° at the interface and is 
deflected 6.2 mm by the time it hits 
the streambed below. Raytracing a 
bundle of rays through the entire 
dimple shows the dark spot (see Fig. 
3). For a 4"-deep stream, we end up 
with a shadow about 10-mm wide. 
The only light falling on this shadow 
area is light reflected off neighboring 
rocks, scattered light from dust on 
the water surface, and light from the 
blue sky (itself the result of scatter-

62 Optics & Photonics News/August 1997 



Figure 1. Hoping for a fly in his soup, a water strider enjoys the sun. Note 
his shadow and the bright rims around the spots, the visible dimpling of 
the water surface, and the distorted view through the dimple under the 
closer hind leg. 

ing). These are much less intense 
sources than the sun, so a distinct 
dark spot emerges. 

The dark spot has a bright ring 
around it. This is where light 
deflected from the shadow area hits. 
By counting ray strikes using the 
spreadsheet, we see about a 5X 
increase in intensity in the ring. The 
dark spot effect is limited to shallow 
water—beyond a certain depth, the 
slight non-parallelism of the sun's 
rays washes out the spot. 

Actual contact patches have a 
generally elliptical shape, due to the 
variation in contact pressure along 
the "foot" of the strider. The ellipti
cal shape of the dimples also effects 
the width of the spot, because the 
second radius enters into the pres
sure increase equation. The spread
sheet doesn't take this into account. 

Experiments 
Water striders are extremely skittish, 
perhaps the result of generations of 
evolution at the hands of small chil
dren. This can make them frustrat
ing to find (and photograph). How
ever, the dimple shadow effect can 
be replicated using little more than 
water and sunlight. 

Start by finding a wide pail buck
et with a clean bottom that holds at 
least 6" of water. (If you are using 
the sun as your point source light, 
avoid white pails, which will be 
blindingly bright on a clear day.) 
Move the pail to a spot with unob
structed sunlight. On a rainy day, a 
darkened room illuminated by a 
single Mini-mag flashlight with the 
focusing mirror removed will work. 

Fill the pail with clean water, at least 
6" deep. Make sure the water doesn't 
have any soap in it; if it does, your 
dimple experiments will be disap
pointing and short-lived. 

Now find a sufficiently small, 
water repellent object and float it on 
the surface of the water. For starters, 
try using bits of dried herbs such as 
parsley or oregano. Gently place a 
mustard seed on the surface, then 
another next to it. After a while, 
they'll draw together. What happens 
to the dark spot when they do? 

Try twigs, sticks, bits of grass, 
leaves, pine needles, dead bugs, live 
bugs, cat hair, dog hair, wire, etc. 

Water repellency is more important 
than density—I floated a standard 
steel paper clip in my coffee cup. With 
a mass of half a gram, it made an 
enormous dimple, causing an intense, 
well defined dark spot and bright rim. 
The loops in the paper clip created 
two convex lenses that gave interior 
foci in the dark spot. If you have trou
bles with the paper clip in your coffee 
cup, make sure the clip isn't bent out 
of plane, and try with water. 

Objects with rumpled surfaces 
either repel or wet with water on 
different parts. For example, a leaf 
on water rests on the surface in 
some spots and pokes through it in 
others. This combination can cause 
beautiful patterns of dark and light 
(see "After Image," page 72). 

When you've had enough dim
ples for one day, add a few drops of 
liquid dish soap to the water. Gently 
stir the soap into the water—don't 
stir it hard enough to cause foam. 
Using a straw or a piece of small 

tubing, blow air under water to cre
ate bubbles on the surface. What is 
the light pattern that a bubble caus
es? Consider that the water around 
the bubble (and inside) rises up to 
meet it, instead of dimpling. Groups 
of tiny foam bubbles lead to inter
esting light patterns. Enjoy! 
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Figure 2. A tense relationship, on the surface. A mating pair of striders, and their 
combined shadow. The male's small front legs lock onto the female's body. His 
middle legs align with her hind legs, while his hind legs trail behind. The altered 
force distribution can be inferred from the width of the dark spots. 

Figure 3. Raytracing through a water strider dimple. 
The center zone with no rays corresponds to the dark 
spot, and the concentrated rays around that zone 
correspond to the bright rim. Because of the shape of 
the dimple, the dark spot grows to almost full size 
within 1" of the surface. 
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A hybrid blue oak/black oak leaf with areas that alternately wet with, or repel water. This interaction of surface ten
sion and gravity forms a set of doubly curved lenses that cause this arabesque shadow pattern, seen under 6" of water. 

See story, page 62. 
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