LIGHT, WATER, AIR & CAMOUFLAGE
K-12
Don’t let your students miss the opportunity to see these surprising,
even magical, phenomena on such a dramatic, large scale.
Grade level: Any age can observe what light does when it travels from inside the aquarium water into
the air and to the students’ eyes. These observations build a foundation for later learning
experiences.
When to conduct these lessons: About March. To see camouflage, the fish need to be buttoned up
and swimming, so anytime from March on works well. However, if your students study optics
at another time of year, use your own judgment to make the connection. Small groups only
take a few minutes to make the observations in both Parts I and II. Because they demonstrate
different phenomena, the two sets of observation may be made separately, if desired.
Preparation for Parts I and II: No additional materials or preparation are needed. This lesson is
conducted at the aquarium and is best in small enough groups that all the students can look at
the aquarium simultaneously. A responsible volunteer could take small groups to the aquarium
for these observations. Several enlargements are provided in the “Light, Water & Air
Images” file. They may be projected or printed to hand out.
About technical language: Using technical or scientific language is inappropriate for younger
children and is only a goal of these lessons when it is included elsewhere in the curriculum.
Although they are not used here, “perpendicular” and “90o” may be appropriate for your
students.
For students studying optics (middle school or high school), refer to other curriculum materials
for appropriate scientific and mathematical language and concepts.
The father of physicist Richard Feynman was known for the wonderful walks he took with his small son in the
woods. He’d say something like, “Don’t worry about what it is called. They call it by different names in other
countries. Let’s look at what it is like and what it does and how it works.” He was right to encourage the child
to avoid thinking that learning a name is enough and to encourage him to observe closely. However,
language is important for communicating with other people, for example, to learn what others know about
light traveling in water or to share with them what you’ve learned.

Part I: REFLECTION INSIDE WATER & CAMOUFLAGE
Goal: To observe and experience internal reflection (reflection inside water) and its relation to
fish camouflage.
Curriculum connections: Light, natural defense strategies
Picture-book connection: In Salmon Stream by Carol Reed-Jones, see the illustration by Michael S.
Maydak: “hovering osprey diving to snatch the wily trout…” The osprey’s claws in the water
are very clear but the image of the osprey itself is dimmed by the reflection at the surface.

THE LESSON
Action: Squat down with your students (if possible) and look up
at the bellies of the fry in the aquarium.
Question: What color are their bellies?
Response: The students may at first say pink or rainbow.
They are correct, but keep asking until they come up with
shiny or silvery. (“You are right, but what else?”) We want
to arrive at language from the children similar to what the
top surface of the water looks like from below.
Action: Next, look up at the top of the water from underneath
with them.
Question: What does the top (or surface) of the water look like from underneath, or like fish see it?
Response: Students may hesitate or note the ripples near
the filter outlet. Keep asking questions to
encourage them to think about other things that
reflect, such as a silver mirror.
Additional prompting: If necessary, direct their attention
to reflections without using the word so that they
come up with an answer themselves (reflection,
mirror, silvery, shiny are all good descriptions); then
give lots of praise. For example: “Are the little fish
at the very top of the water right side up or upside
down?” “Does the silver rod (chiller rod) look
straight? What does it look like?” (The straight rod
looks like a “V” because of reflection.) “Can you see
the bulletin board behind the tank (or hand above
it)? What do you see instead?”

The surface here reflects the yellow background
and is not silvery, like you’ll normally see. The
first page in ““Light, Water and Air Images” Is of
this photo in higher resolution for projection.

Comment: It is a “weird” thing about water and light. When you look straight into water, you can see
through it, but when you look at a surface at an angle from inside the water, it is like a mirror.
Camouflage point (looking from below): You can see that the shiny bellies of the fish blend in with
the shiny surface of the water, especially when it ripples. If you were a trout looking for salmon
fry for breakfast, you would have a hard time seeing them because they blend in with the shiny
surface behind them. Good for the salmon; bad for the trout!
Action: Now, stand up with your students and look down at the top of the tank.
FOR SAFETY: If

children must stand on a chair to get above the tank, brace the back of the chair
against the aquarium (preferred) or against a wall.

Question: Are their backs the same color as their bellies?
What color are they? (brown, dark, gray, spotted)
What else in the aquarium - or in a stream - is that
color? (gravel, rocks, the bottom)
Camouflage point (looking from above): The little
salmon are difficult to see against the rocks but
easy to see when they are on top of the shiny rod
or white shell. If you were a heron walking along a
stream looking for salmon fry, you would have a
hard time seeing them because of this coloring.
Good for the salmon; bad for the heron! (If you like,
imitate a heron bobbing its head into the water with
your hand and arm.)

The second page of “Light, Water and Air
Images” shows this picture in high resolution.

Question: You can see that camouflage would help you blend in with what is around and behind you.
Why don’t you need to blend in with what is in front of you?
Response: You can hide behind what is in front of you.
Comment: Reflection inside the water happens at all the surfaces between water and air, even if
glass or plastic is in between. It doesn't just happen at the top.
Action: Next, look at an end or side wall of the aquarium through a wall next to it and through the
water. These vertical surfaces reflect, too. If you look from either end, you should easily see
the reflection of the chiller rod on the back and front walls.
The photo of how the backs of the fry camouflage them against the gravel also shows reflections of the gravel
from two wall surfaces.
The following extension was inspired by the insight of a 6th grader who used his hand to play with
aquarium optics - quite fun.

Action: Have students put their heads close to a side of the aquarium and hold a hand behind an
adjacent side, close but not touching the tank or water. (Other objects work just as well as a
hand.) Direct them to move their heads away from the tank and back close to it again. Keep
trying until they see that when their eyes are close to the aquarium, so they are looking almost
straight at the other surface, they can see through it to their hand. As they move their heads
back away from the tank, the hand will disappear at the same time the surface inside the water
suddenly becomes mirror-like. The hand then reappears when the head moves closer again.
Comment: You have just demonstrated that whether you see through the inside surface of the water
or see a reflection depends on the angle you look at it. When you look almost straight at it,
you can see through. When you look through the water (or even just from inside it) at an
angle to the surface, it reflects the light back into the water, like a mirror, and you can’t see
through to the outside beyond the tank.
If your students are older and optics is included elsewhere in
the curriculum, you may use technical language here (such
as internal reflection, angle dependency, and critical angle).
If not, the experience is far more important than language;
students can learn that at another time.
More child play with aquarium optics: A student invented
this hand “butterfly” by putting his hand behind a corner of
the back wall. He then looked at the corner at an angle
close enough to straight ahead that he could see his hand
directly through the water. The angle he was looking at the
end wall made it reflect his hand. Voila! A butterfly. Easier to do than to describe.

PART II: REFRACTION
Refraction is not an everyday word kids can relate to. Don’t use it if it's not in your curriculum.
Goal: To observe and experience refraction - how an object appears to be in a place different
from where it really is. It is not important to use the words “refract” or “refraction.”
Seeing it happen and experiencing the phenomena on such a large scale is worth a few
minutes, however, and students may remember it later in their course work.
Curriculum connections: Light, often studied in middle school and later
THE LESSON
Action: Have students stand where they can see at least two sides of the aquarium, along an angle
through one of the corners of the tank (as shown in the diagram). Taller students will also be
able to see the top.

Students can see two sides of
the aquarium at the same time if
they stand along a line out from
the corner of the tank.

Question: How many silver (chiller) rods do you see?
Response: Usually two or three - one image on each side of the tank and possibly another
reflected on the back wall. If they can see the top of the water, they will see another image.
The rod may seem to bend sharply as it enters the water, and the images on the sides may
appear completely disconnected from the portion of the rod that is out of the water (in the air).

High resolution copies of these pictures are in “Light, Water and Air Images.”

Explanation:Our minds “know” that light travels to us in straight lines. We can reach out and touch
something we see without hesitation; we know where it is. We think light always travels in
straight lines, so our minds are fooled when light does something different. For us to see the
rod, light comes in and reflects off the rod out in a straight line until it passes from the water
into the air. Then it changes direction before getting to our eyes. We don’t know the direction
it started going and are fooled into thinking the object is where we are seeing it. We see
multiple images of the rod because the light coming through each wall bends differently and
arrives at our eyes from different directions.

This explanation may be given at the tank, calling the students’ attention to the light source in the
room, to the rod, and a suggested a light path to the eye. After all students have observed this
phenomenon, you might introduce this diagram and last two photos from “Light, Water and Air
Images.” They depict the path of light and how an image appears in a different place from where it
really is. Note that angles in the diagram are drawn for visual clarity, not scientific accuracy.

ISN’T IT INCREDIBLE?
Our eyes and mind get fooled when light travels from water into air because we don’t often see
it do that. We think we're seeing strange and weird things. But salmon, their predators, and
their prey see these “weird” things all the time and know how to make sense of them in their
daily struggle to survive in the wild.

