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Preface

The Coolidge Science Club was born of a desire to expose 34, 4th, and 5th graders to
some of the wonders of science outside of their everyday classroom experience. It is
important to make clear that the goal was a qualitative exploration, and that quantitative
measurements were introduced slowly during the course of the eight weeks that the Club
met each semester. As such, the activities described in this manual could often be
performed with a few everyday items, and the mission for every activity was to excite the
students about hand-on work and experimentation.

The Club met for eight weeks, every Monday night, from 6:45 pm to 7:30 pm. Aside
from a few introductory remarks by Prof. Affatigato, the activities were complemented with
a few exciting demonstrations. Highly popular ones include the marshmallow/vacuum
demo, the green laser pointer that reaches the stars, singing rods, laser balloon popping,
and NdFeB magnets “floating” on a copper plate. Each activity was organized so that 2-3
elementary age students sat a table with an adult guide. The guide’s job was to keep the
students on task, explore different ideas, and ensure safety. The guides came from
different backgrounds, but many had previous experience with science or engineering.
Parents, relatives, Coe College physics students, and two teachers formed the core of
volunteers. On any given night we had 6-10 volunteers, allowing us to keep the student
groups small and interactive.

For the most part the activities were liked and were very successful. If anyone
attempts to recreate the Club, some suggestions might include: a) have the students keep a
lab binder/notebook to organize their worksheets and take notes; b) add additional labs on
chemistry, a weak point in the current assortment; ¢) extend the time to a full one hour,
though for some activities this may require adding things to do; d) add more engineering
activities, with building/construction skills; and/or e) add some multimedia at the
beginning introduction every week, perhaps including some videos of hard-to-do
demonstrations.

In general, it is hoped that these activities, organized and prepared to save time, will
spur outreach efforts to elementary schools by folks with an interest in science,
engineering, and technology. Interested parties are welcome to modify the material,
adding or removing activities as needed for their needs. The important core is the
exposure of young students to the methods and wonders of science, keeping their curiosity
alive. Best of luck.

Mario Affatigato
Physics Department
Coe College

May 14, 2010



Coolidge Science Club

Laboratory I - Magnetism
1. Main goals

Before they leave, the kids should become aware of a few qualitative facts about
magnetism. The whole idea is for them to develop a “gut level” feeling for magnetism, and
not necessarily to be swamped by vocabulary or advanced concepts. Nevertheless,
structure is important, and each group should be expected to complete the experiments
and tasks. Our overall goals:

—Students should understand that magnets can pull on certain metallic objects, but certain
other object are not affected by magnets

—Students should learn that magnets have a North and a South pole

—Student should see that like poles repel whereas different poles attract. They should also
learn that iron filings draw lines that connect the two poles.

— Students ought to see and understand that the effect of magnets is three dimensional

—Students should see that magnetism is relatively weak. It takes very strong magnets (and
short distances) to lift even relatively light objects

—Students should get a feeling that when strong magnets move over metallic objects that
are normally non-magnetic, odd things happen. Beyond that, they should understand that
a moving magnet can momentarily turn a piece of copper or aluminum into a magnet that
repels it.

They do not need to understand the idea of a magnetic field, but that can be introduced as
a vocabulary word. They will each get a worksheet with the activities they will do---we can
decide whether the worksheets ought to be done individually, or by each table group.

2. Organization

Each group of 3-4 students will have an adult student leader. The role of the leader
is to keep them on task, to safeguard the parts and supplies (making sure that they are
used, within reason, for the activities they were meant), to ensure safety, and to provide
explanation and guidance. Each kid should get the chance to participate hands-on.
Workload can be shared somewhat (someone can draw the shape of the iron filings,
someone try the next magnet, someone fill the worksheet, etc.) but all jobs should be
rotated. The key is hands-on.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very



flexible. The adult table leader can slow things down by asking questions, introduce new
things (does the magnet attract paper? How about wood? How about coins?, etc.), or
speed them up. It is important that the students do the worksheets, as this will introduce
the idea of discipline and methodical study central to scientific work.

Mario will be walking around, helping, and perhaps carrying around larger magnets
to show each table. This may be the case every week, as we have equipment and parts that
are too unique or rare to give to the students.

When we get to five minutes before the end, all the groups will gather up. We will
do one more demonstrations (to end with a bang), and then the kids will go to their
parents. We can collect the worksheets before they go, or give them assignments to do
while at home. At the end of the first week’s experiments on magnetism, each kid will get a
small but powerful magnet to take home, with the parents’ consent. Thus they could do
some experiments of their own.

3. Problems

If any issues arise (like discipline, or a disregard for safety, bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Two
teachers will be helping, so my guess is that these students will be quite good.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and maybe others) will take care of the setup every week. We will of
course expect that the students will treat the equipment with respect, and that each adult
table leader will make sure of that.

ADULTS

Introduction: Have the kids test out different materials, and make a list (two lists,
actually), of things that are attracted that those that are not.

List of supplies: Paper clips; magnets of different shapes and strengths; a rigid piece of
cardboard or thin Plexiglas (acrylic); small compasses, thin, light string; larger magnet
with copper base for demonstration. Small NdFeB magnets for the student to take home.

Activity 1: Paper clips
At the center of the table are some reasonably strong magnets, as well as a box of

paper clips. For every magnet, have the students figure out how many paper clips they can
lift in a chain hanging from the bottom. Make sure all the paper clips are free (not



tangled), and have them try each and every magnet, in turn. It often helps to unbend the
first magnet (into a ‘V’ shape) to provide a good base for the others.

You can also have them try both faces of the magnets. Does that matter? What
about the edges?

For fun, you can try to spin the bottom paper clip. This can be done by blowing air
on it. Also for fun, you can have each member of your team try and separate two of the
magnets. Itis hard. Finally, have them stick the magnet to a metal surface. Then separate
the magnet and start adding one sheet (or piece) of paper, then two, then three, until the
magnet can no longer hold them. Show them how quickly the magnet gets too weak. You
can relate this to posting things on the door of the refrigerator at home...

Activity 2: Compass game

This can be done using a cardboard box, or simply by hiding the magnet in a small
section of the room (make sure to keep away from computers). Start by showing the
students that a magnet can turn the needle in a compass. Let them experiment, but try to
avoid full contact between the magnet and the compass.

Now hide the magnet (kids can’t see exactly where), either in a cardboard box (make
sure you tape in down so it does not move around), or in a small section of the room. Give
each kid a compass and have them locate the magnet. If you have extra time, the game can
be repeated.

As an extension, show the students that when you place several compasses around
the magnet, all the needles point in different directions.

Now borrow the larger magnet. Again, make sure to keep it away from wallets and
monitors. Place it on the center of the table. Have each student tie a short piece of light
string (maybe 1-12 inches long) to a paper clip. Holding one end of the string, show them
that you can map out the attraction of the clip by the magnet. This illustrates the 3D
nature of the magnetic field, and gives an idea of its symmetry. Now let them do it.

Activity 3. Sketching the field

Sprinkle a few iron filings on a sheet of paper. Try to keep them spread out (not
clumped). Show the students that as you gently move the paper over a magnet, the filings
line up. Now have each of them try, in turn, with 3 or 4 magnets of different shapes
Interestingly, this often works better with weaker magnets.



STUDENT WORKSHEET

Things attracted by magnet

Things NOT ATTRACTED by the magnet

Activity 1: Paper clips

How many paper clips were you able to lift with one side of the magnet?

Answer:

How many paper clips were you able to lift with the other side of the magnet?

Answer:

How many paper clips were you able to lift with the edge of the magnet?

Answer:

Activity 2. Compass game

Sketch how the needles of the different compasses line up with the magnet

u




Activity 3. Filings
Trace the shape of the magnet first. Then, using a color pencil if you have it, draw

dashes showing the way the iron filing (the “dust”) lined up on the paper. You can use this
sheet of paper and trace, if you'd like.

How many piece of paper could you use before the magnet feel down?



Coolidge Science Club

Laboratory II — Magnetism and Electricity
1. Main goals

Before they leave, the kids should realize that magnetism is related to electricity.
Though they may not have a very clear idea of what “electricity” is, they should realize that
you can cause magnetism to happen with a battery. We can also give them a few ideas:

a. Magnetism can be turned on and off, at least in an electromagnet.
b. Magnetism can be created using a battery and a coil of wire.
c. Electromagnets get stronger if they have metal core.

d. The direction of wrapping the coil matters. We can build electromagnets that have the
South pole on the right or the left, depending on the wrapping.

e. The battery causes something to flow, and it is this flow---this moving and changing---
that causes the magnetism.

f. The kids may make the connection that moving things are related to electricity and
magnetism. Recall that last week we showed that a moving magnet can affect a piece of
copper. This week we show that a moving (current) can create a magnet.

g. Finally, and not to be underestimated, the kids should realize that one can build
scientific equipment. This is important, as many great scientists (Kapitsa, Fermi, Newton,
Galileo, Joule, Cavendish, etc.) built their own equipment, and a lot of creativity goes into
this. Indeed, it is not generally known that people who can create their own equipment
(another form of genius) typically have great scientific careers, even today.

Again, they do not need to understand the ideas of magnetic fields or currents, but that
can be introduced as a vocabulary word. As was the case last week, each kid will get a
worksheet with the activities they will do.

2. Organization

Same as last week. Each group of 3-4 students will have an adult student leader.
The role of the leader is to keep them on task, to safeguard the parts and supplies (making
sure that they are used, within reason, for the activities they were meant), to ensure safety,
and to provide explanation and guidance. Each kid should get the chance to participate
hands-on. Workload should be shared, and no student should dominate the activity.
Remember, the key is hands-on.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very
flexible. The adult table leader can slow things down by asking questions, introduce new



things (does the electromagnet attract many paper clips? Does it matter from which end?
What happens if we remove the nail?, etc.), or speed them up. It is important that the
students do the worksheets, as this will introduce the idea of discipline and methodical
study central to scientific work.

Mario will be walking around and helping where needed. In the side table we will
have a couple of power supplies that will let the students test their electromagnets at
higher strengths. An adult will be responsible for hooking up the electromagnet and
ensuring safe operation.

When we get to five minutes before the end, all the groups will gather up. We will
do one more demonstration (to end with a bang: this week we will do the ring launcher),
and then the kids will go to their parents. They will take the worksheets home to show
their parents, and they will also take home the electromagnet they built. Thus they could
do some experiments of their own (if they provide a battery at home).

3. Problems

If any issues arise (like discipline, or a disregard for safety, bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will again be helping.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and maybe others) will take care of the setup every week. We will of
course expect that the students will treat the equipment with respect, and that each adult
table leader will make sure of that.

ADULTS

Introduction: Discuss with the students (before they start) that a good electromagnet has
to have good, tight coils, with the loops close to each other.

Supplies: Magnet wire (different gauges), other wire, nails (two or three different sizes), D-
size batteries, power supply, ball bearing, paper clips, compass needles, and the Lenz’s law
demonstrator/ring launcher.

Activity 1: Building electromagnets

At the center of the table are nails, paper clips, magnet wire of different gauges (you
may have to share with other tables), a couple of batteries, and our old friend, iron filings.
Each student will build two electromagnets. They should use different wires for each, and
they can use different nails, but they should try and keep the number of loops the same.
The loops should always be tight (close together), as shown below. If one of the students
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builds both electromagnets much faster than the others, have them build a third with the
same number of loops, same nail, but with the wrapping in the opposite direction.
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As a rule, the more turns the better, if we keep everything else constant. At some point,
though, the added length reduces the current, and you begin to lose strength.

Activity 2: Testing the electromagnet

Safety Note: All the wires are insulated and we are using small voltages and current,
so there is little chance of shock. The wires and contacts can get HOT, however, so the
electromagnets should be kept on only for a few seconds, then set aside to cool for 30
seconds or So.

Once all students are done building the electromagnet, you can do a variety of experiments.
I am asking them to check which way the compass needles line up when the wires are
hooked up one way, then what happens when you switch the wires connected to the
battery. But you can try some of the following experiments:

1. How many paper clips can the electromagnet pick up? How does it compare to last
week? What changes if the wire is wrapped in a different direction?

2. How long does it take for the wires to get hot? Does the size of the wire make a
difference? (recall that the number of loops is the same)

3. If we remove the nail, can we still cause the compass needle to turn? Can we pick up
paper clips?

4. Does the amount of wire insulation seem to have any effect? By this I mean we have
some wires (“hookup wires”) that have relatively thick insulation, while the magnet wire
has a thin enamel. Do the electromagnets with thick insulation appear a lot weaker?

Activity 3. Power supply

Using a power supply we can make the electromagnet more powerful while
controlling the current (and thus the heat). This part will be carried out on a separate table
by Mario and/or a Coe student. Each Coolidge kid can bring one of their electromagnets
up for “advanced testing”. We may try to lift ball bearings instead of paper clips.
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STUDENT WORKSHEET

Magnet 1 Magnet 2

Looking at the front of the nail, draw which way you wrapped the wire in the figure above:
clockwise or counterclockwise?

Activity 1: Building the electromagnets

How many turns (loops) does your first magnet have? Answer:

Describe the wire you used: color and gauge. Answer: Color

Gauge:

How many turns (loops) does your SECOND magnet have? Answer:
Describe the wire you used: color and gauge. Answer: Color

Gauge:
Activity 2. Testing the electromagnet

Sketch how the needles of the different compasses line up with the magnet
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Other testing:

Number of paper clips you can lift:

How many can you lift without the nail?

Which wire worked best (picks up more paper clips)?

What happened if you used a coil wrapped in the different direction? Use the compasses to
sketch the result below.

e—

Activity 3. Advanced Testing

How many ball bearings did your electromagnet pick up?
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Coolidge Science Club

Laboratory III — Cells and DNA

1. Main goals

Before they leave, the kids should realize that all living things (for the most part) are
made up of cells. Some things are made up of one cell. Other things are made up of many
cells. Bacteria is an example of a one celled thing. Bacteria are able to carry out all living
processes within one cell. Mold is another example of a one celled thing. Multiple celled
things (like plants and animals) have specialized cells that work together to carry out life
processes. All cells have instructions that tell the cells what to do. The instructions are
called DNA. The instructions are written in a code. The terminology is not important at
this time. We will be extracting DNA from a strawberry in the lab today. I will provide a
protocol for the students to follow. There will be some questions for them to consider at
the end of the extraction.

There will be models of different types of cells in the classroom. The students
should be able to identify a bacteria cell, animal cell, plant cell, red blood cell, white blood
cell, nerve cell, muscle cell. I do not have models of all of these, but I will print out picture
of the ones I do not have. The students can take the models apart and put them back
together. It is more important that they recognize that cells can carry out many functions
or specific functions. It is not important to learn the names of all the cell parts.

Words like Prokaryote (one celled thing), Eukaryote (many celled thing), and
nucleotides, can be introduced as vocabulary. While DNA is an abbreviation for a longer
term (deoxyribonucleic acid), everybody refers to it as DNA. The bases are also
abbreviations G, A, T, C. The DNA molecule is made up of a sugar and phosphate
“backbone” and 4 different nucleotides.

Overall goals

Cells are very small. We cannot see them without a microscope.

DNA is even smaller. We will not be able to see the double helix shape.

All cells contain instructions which tell them what to do.

The instructions are called DNA which is written in a code.

The code contains 4 parts (G,A,T,C) and is usually in the shape of a double helix.
The DNA is fairly stable. It does not breakdown easily.

The double stranded DNA sends out messages in a single strand called mRNA.
mRNA is not stable. It will breakdown once it has carried the message.

The messages can tell some cells to become more specialized to carry out certain
tasks.

B e e T

2. Organization

Same as last week. Each group of 3-4 students will have an adult student leader.
The role of the leader is to keep them on task, to safeguard the parts and supplies (making
sure that they are used, within reason, for the activities they were meant), to ensure safety,
and to provide explanation and guidance. Each kid should get the chance to participate
hands-on. Workload should be shared, and no student should dominate the activity.
Remember, the key is hands-on.
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We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after
splitting up into their groups. The major activity should take about 15-20 minutes,
but this is very flexible. The adult table leader can slow things down by asking
questions. It is important that the students do the worksheets, as this will introduce
the idea of discipline and methodical study central to scientific work.

Louisa will be walking around and helping where needed. We have a low power
microscope on the side table. The students can take turns looking at various slides through
the microscope. We will also look at the extracted DNA through the microscope. An adult
will be responsible for helping the students use the microscope.

3. Problems

If any issues arise (like discipline, or a disregard for safety), bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will be helping, so my guess is that these students will be quite good.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and maybe others) will take care of the setup every week. We will of
course expect that the students will treat the equipment with respect, and that each adult
table leader will make sure of that.

5. Supplies
Strawberries, ethanol, distilled water, dishwashing detergent or shampoo, salt,
paper towels, funnels, plastic test tubes, Ziploc bags, cheese cloth, ice, agar plates.

ADULTS

Introduction: Discuss with the students. As a group we will extract DNA from a
strawberry. All students will be able to participate. After we have extracted the DNA, we
can look at it under the microscope. (Remember that you cannot see the double helix)
Since we only have one microscope, we will have other hands on activities to do at each
table.

Activity 1: Extraction of DNA (Juniata College Science in Motion—Berry Full of DNA)
Overview:

This DNA extraction results in a large quantity of white DNA. It is an easy
investigation and there is almost no way for students to make a mistake that would affect
the results. It is much more effective than extracting DNA from other sources.
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Background:
One of the reasons strawberries work so well is that they are soft and easy to pulverize.
Also, ripe strawberries produce enzymes which aid in breaking down the cell walls. Most
interesting is that strawberries are octoploid. This means that they have eight sets of each
type of chromosome. Humans are diploid. We have two sets of each type of chromosome.
The DNA Extraction buffer contains shampoo, salt and water. The detergent in the
shampoo helps to dissolve the phospholipid bilayers of the cell membrane and organelles.
The salt keeps the proteins in the extract layer so they aren’t precipitated with the DNA.
DNA is not soluble in ethanol. When molecules are soluble, they are dispersed in the
solution and are therefore not visible. When molecules are insoluble, they clump together
and become visible. The colder the ethanol, the less soluble the DNA will be. That is why it
is important for the ethanol to be kept in the freezer or ice bath.

Expected Results:

When the students pour the ethanol on the strawberry extract, they will
immediately see fine white strands of DNA form at the interface. When they stir the DNA
into the ethanol layer, the DNA will form cotton candy-like fibers that will spool onto the
stirring rod.

Activity 2: Talk about cells. I will have a model of a type of cell on each table. Discuss
the type of cell, what it does (carry oxygen, send electrical signals to brain, is it part of a
plant or animal) Please exchange cells with another table so that there is more variety.

Activity 3: There will be a model of a DNA molecule and an mRNA molecule set up on
the front table. The kids can come up (by table) to look at the molecules. At their own
tables, there will be models of bases (drinking straws and paper) and a sugar-phospate
backbone (Q-tips). The kids can build DNA molecules by matching the appropriate bases
and connecting them with the Q-tips. A’s should pair with T’s, and G’s should pair with
C’s. The shape of the bases determines with which other base it will pair. G-C are
connected by three bridges and A-T are connected by two bridges.

Activity 4: I have several prepared slides which the students may examine under the
microscope. I have four plates of mold which we can examine under a magnifying glass.

Safety Note: Do not eat or drink any of the lab materials. This is a major rule
in any biology laboratory. Please make sure that the children do not eat the
strawberries or drink the ethanol. The materials we will be using in this lab are not
dangerous to skin.
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STUDENT WORKSHEET

Activity 1: Extraction of DNA (Juniata College Science in Motion—Berry Full of DNA)
Overview:

This DNA extraction results in a large quantity of white DNA. It is an easy
investigation. It is much more effective than extracting DNA from other sources.

Background:
One of the reasons strawberries work so well is that they are soft and easy to crush. Also,
ripe strawberries produce chemicals which help break down the cell walls.

The detergent in the shampoo helps to dissolve the cell membrane. The salt helps
keep the proteins in the extract layer so they aren’t precipitated with the DNA.

DNA does not dissolve well in ethanol. The colder the ethanol, the less the DNA will
dissolve. That is why it is important for the ethanol to be kept in the freezer or ice bath.

Expected Results:

When the students pour the ethanol on the strawberry extract, they will
immediately see fine white strands of DNA form at the interface. When they stir the DNA
into the ethanol layer, the DNA will form cotton candy-like fibers that will spool onto the
stirring rod.

Procedure:
1. If the green leaves on the strawberry have not been removed, do so by
pulling them off.
2. Prepare the DNA Extraction buffer by mixing 100 milliliters of soap or
shampoo, 15 grams salt, and 900 milliliters water.
3. Put the strawberry into the Ziploc bag and smush for about two
minutes. You need to completely crush the strawberry. You do not want
this mixture to be really bubbly. The less bubbles the better.
4. When you are finished smushing, put 10 milliliters of the DNA
Extraction Buffer liquid into the bag.
5. Smush for another minutes. Be careful not to make too many bubbles.
6. When you are finished, place the cheesecloth into the funnel using
enough to go over the rim of the funnel.
7. Open the bag and pour some of the mixture through the cheesecloth and
allow it to filter into the test tube. Allow only 3 milliliters of liquid to filter
into the test tube.
8. Next, carefully pour ethanol into the test tube. The final volume should
be approximately 8 milliliters.
9. Watch for development of several large air bubbles that have a white
cloudy substance attached to them. The cloudy substance is DNA.
10. Take a coffee stirrer and begin to spin it in the ethanol layer.
11. Pull out the DNA and place it on a slide.
12. Separate it using two toothpicks. The fibers will be easier to see in the
stretched apart area.
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Questions:
1. What did the DNA look like?

2. A person cannot see a single cotton thread from 100 feet away, but if you wound
thousands of threads together into a rope, would it be visible?

3. If you wanted to extract DNA from a living person, which cells would you use? Why?
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Coolidge Science Club

Laboratory IV — Light and color
1. Main goals

Before they leave, the kids should realize that light is related to color, and that we
can combine light to make different colors. After that, the students will also learn about
polarization. A few other ideas that we will tackle:

a. Color can come from light that is transmitted or light that is reflected.

b. As light goes through transparent things (like windows) it does get a bit dimmer with
every surface it crosses.

c. Light can also be scattered, and even colored by scattering.
d. White light is made up of many colors.

e. Light has properties (characteristics) other than color. Polarization is one such property
that let’s us build sunglasses. This means light has a direction (or orientation)

f. Plastic things under stress can be seen using polarized light because they alter it.

g. Finally, the kids should also take home the message that they can explore the world of
light and color on their own. By using simple household supplies (like transparent colored
plastic cups, polarized sunglasses, plastic wrap, etc.) they can try some of their own
experiments.

2. Organization

Same as every week. Each group of 2-3 students will have an adult student leader.
The role of the leader is to keep them on task, to safeguard the parts and supplies (making
sure that they are used, within reason, for the activities they were meant), to ensure safety,
and to provide explanation and guidance. Each kid should get the chance to participate
hands-on. Workload should be shared, and no student should dominate the activity.
Remember, the key is hands-on.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very
flexible. The adult table leader can slow things down by asking questions, introduce new
things (what happens when we combine light filters of different colors? Does it matter
from how we angle them? What happens if we rotate the second polarizer instead of the
first?, etc.), or speed them up. It is important that the students do the worksheets, as this
will introduce the idea of discipline and methodical study central to scientific work.
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Mario will be walking around and helping where needed. In the side table we will
have a couple of demonstrations and some additional supplies.

When we get to five minutes before the end, all the groups will gather up. We will
do one more demonstrations (to end with a bang: this week we will do the balloon burst),
and then the kids will go to their parents. They will take the worksheets home to show
their parents, and they will also take polarizers and/or color filters. Thus they could do
some experiments of their own (and provide further simple supplies from home).

3. Problems

If any issues arise (like discipline, or a disregard for safety, bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will be helping, so my guess is that these students will be quite good.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and maybe others) will take care of the setup every week. We will of
course expect that the students will treat the equipment with respect, and that each adult
table leader will make sure of that. Please note that each kid will get to take home the color
filters and the polarizers, so that they can continue their scientific work at home.

5. Supplies
Needed supplies include plastic light filters (3 colors, Arbor Scientific), plastic

polarizer film (cut to shape, Arbor Scientific), Fresnel lens (plastic, Arbor Scientific), and
laser for balloon demonstration.
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ADULTS
Activity 1: Color filters

The idea here is to have the kids explore color.
You have a lot of freedom. The worksheet has the
students look at things through the color filters, stack
the filters, look at crayon marks through them, etc.
But you should feel free to encourage exploration.
Can we make secondary colors from the primary
ones? Do yellow and red make orange? Can the
students distinguish between transmitted light that
goes through the filter, and light that reflects from it?
When the students use crayons to draw, color
combinations work well, e.g. red hearts with piercing
black arrows. By the way, money (bills) also works
well as an object to look at.
You can use the figure at left as a guide, but it is probably best for the students not
to see it before they carry out the experiments.

Activity 2: Polarizers

Polarizers are cool. The main idea is that polarizers are like blinds in your house.
Normally that cuts down about 50% of incoming light (which is why the make everything
dim), but when the incoming light is already lined up (polarized), we can cut it down to
near 0%. Incoming light can be polarized if you use another polarizer (the first one), or
even happens naturally, like from glare, which is reflected light. The sky is also polarized,
because the blue light that scatters from the upper atmosphere gets polarized.

Another fun activity is to look at plastics through polarizers. The stress points in the
plastic can alter the polarization of light, and thus the stress points show up dramatically
when viewed through polarizers. The students will carry out an experiment on this.

Activity 3. Fresnel lens

A Fresnel lens is a relatively flat lens that is manufactured by
“slicing” a regular lens and collapsing the slices unto a flat back. A
figure for this is shown below (from Wikipedia). It works just like a
regular lens, but flatter. Many people carry these lenses in their wallets,
card sized. Also, most overhead projectors use them as their main
surface.

The students are asked to explore the magnification of the lens,
and to get a sense for the focal length.
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STUDENT WORKSHEET
Activity I. Color filters

Pick the green color filter and look for things of the same color. How do they look?

Now pick the red color filter and look at the green things you saw earlier. What do you see?

Use combinations of two color filters and write down the color you see

—+ =

—+ =

—+ =

Now use several filters of the same color, and stack them together. Does the color change?
What happens?

Answer:

Use a marker, crayon, or colored pencil to make a broad mark (or even a multicolored
drawing!) on a piece of white paper. Use a color that is similar to that of any one of the
colored filters (green, red, blue, pink, etc.). When you look at the crayon mark using the
same color filter, what happens?

Answer:

What happens if you use a different filter?

Answer:

Activity 2: Polarizers

Look at things around the room through one of the polarizers. Do they look any different?
Does the polarizer remind you of anything?

Now look at a light through one of the polarizers. Place the second polarizer behind the
first, and slowly start turning it (keep the first one fixed). What happens?

Answer:
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If you know how, use the protractor to measure how many degrees you have to turn to
make the polarizers go from “light” to “dark”. Angle degrees

Activity 3. Fresnel lens
Feel the lens. How does it feel? What is its texture?

Answer:

Place one of the small lenses on a piece of printed paper. How do the letters look?

Now lift the lens and see what happens. Now draw a letter on a piece of paper. Hold the
lens so that the letter looks bigger. Hold the lens steady and draw a copy of the larger letter
you see on the same piece of paper. Compare the original and the larger copy you made.
How much bigger is the copy, about? (2x, 3x, etc.)

Answer:

Get close to a wall (or another large object). Move one of the lenses forwards and
backwards until you see a clear image of something on the wall. About how far are you?

Answer:

How do things look when you are not at the “right” distance?

Answer:

Other experiments:
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Coolidge Science Club

Laboratory V — Light and color, part I1
1. Main goals

This week we continue our investigation of light. A little new is the idea that they
will see an application of color (chromatography), and they will also start making more
quantitative measurements. Our overall goals for the week:

a. Color inks can be separated into their components, like in a prism.

b. Light can be used in applications like fibers, holograms, and chromatographs (ink
separation by mass and hence color).

c. Light can also be scattered, and even colored by scattering.
d. There are some colors of light we may not be able to see, but they can be detected.

e. Prisms are not the only way to separate colors. We can also split them up with gratings,
which look like many vertical wires that are really close together. Here is another
application: by separating the light we can identify the chemical element that made it!

f. Finally, the kids should also take home the message that science is quantitative---even if
this will remain simple for now. We can count the number of mini-drops of milk needed to
fully “cloud” a glass of clear water.

2. Organization

Same as every week. Each group of 3-4 students will have an adult leader. The role
of the leader is to keep them on task, to safeguard the parts and supplies (making sure that
they are used, within reason, for the activities they were meant), to ensure safety, and to
provide explanation and guidance. Each kid should get the chance to participate hands-on.
Workload should be shared, and no student should dominate the activity. Remember, the
key is hands-on, even if this week we may have a few less helpers.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very
flexible. The adult table leader can slow things down by asking questions, introduce new
things (what happens when we cover the beads for a few minutes? How long do they take
to change color? Does proximity to the light change things? What happens if we mix inks
by writing with two markers?, etc.), or speed them up. It is important that the students do
the worksheets, as this will introduce the idea of discipline and methodical study central to
scientific work.
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Mario will be walking around and helping where needed. In the side table we will
have additional supplies.

When we get to five minutes before the end, all the groups will gather up. We will
do one more demonstrations (to end with a bang: this week we will do the kiss hologram
and the grating spectrometers), and then the kids will go to their parents. They will take
the worksheets home to show their parents, and they will also take one of the UV beads
and a length of fiber. Thus they could do some experiments of their own.

3. Problems

If any issues arise (like discipline, or a disregard for safety, bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will be helping again.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and maybe others) will take care of the setup every week. We will of
course expect that the students will treat the equipment with respect, and that each adult
table leader will make sure of that. Again note that each kid will get to take home one of
the UV beads and the fiber length, so that they can continue their scientific work at home.

ADULTS
Activity 1: Chromatography or Separating Inks

The idea here is to have the kids understand the use of color. Last week they learnt
that you can see different colors by mixing color filters. This week they will realize that this
is exactly how marker companies come up with the variety of marker colors. Each student
should draw a line or two with their favorite color markers (the washable kind: they have to
be water soluble), on a coffee filter (Louisa found the brown ones work best). They then
add water drops on one side of the line, and wait. The spreading water should hit the ink
line and begin to spread out the component colors. This is an example of mass separation:
the heavier inks (i.e., the inks made with heavier organic molecules) stay close to the line,
while the lighter inks travel farther. We then get an idea of the inks that were mixed to
generate this particular color. The students should also understand that component inks
of different weights lead to different colors.

In the worksheet they will note the original color and its components.

Activity 2: Milk and light scattering

This is the first activity that involves real quantification (though we did measure
angles earlier, with polarizers). Each student has a transparent plastic cup with a black
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level line marked on it. They should also have access to a small vial with whole milk (the
adult will handle it to avoid spillage), and some small stirrers.

Have each student fill their cup to the line with plain water (recall the bathroom and
water fountain are right across the hall). We will have paper towels for the inevitable
spills! Then, dip the stirrer (without plugging the upper hole!) into the whole milk, and
place a very small drop into the milk, mixing thoroughly. Using the small flashlight, set to
“beam” mode, see if the light can make it all the way through and out of the cup by placing
a white sheet of paper on the other side. If most of the light makes it out still in a beam, we
call this a “success”. We then add a second mini-drop (or you can use the cup of another
student and add two) and check again. Continue this process until the flashlight cannot
transmit light through the cup: note the number.

If the experiment proves to be difficult with a flashlight, I will have some low-power
diode lasers for the ADULTS to use---this will make it easier to see. It is important to point
out that the milk/water is not absorbing the light, but rather scattering it. That means the
light is being spread out as it hits the fat globules in the milk, and still coming out, but in
many directions. Finally, if you do use a white light source (flashlight) you might be able to
notice that the scattered light acquires a bluish tint---this is why the sky is blue! (There is
no milk in the sky, just things that scatter light in a similar way).

Activity 3. UV beads

We can do this activity at any time: it need not be the third one. That is because we
only have a few sources of UV light, though the overheads light do produce some. The
experiment is quite simple. The UV beads change color when exposed to UV light, and
they return to white after a while. So we will use them as detectors.

The students will take out a bead (leaving the rest protected in the envelope), and
expose it to a source of UV light, but not before placing a transparent barrier between the
light and the bead. There are options: Saran wrap®, a Ziploc® bag, a glass plate, a CD case,
etc. The main idea is to see if any of these are efficient at blocking the UV light, enough
that the bead will not change color substantially after, say 30 seconds. If the bead does
change, put it back in the dark enveloped and try again.

Activity 4 (if we have time): Fibers

Each student should have a length of fiber. This experiment is best done with two
people. Have hone person hold one of the small flashlights steady. Then the second
student (the one holding the fiber) will move one end in a horizontal line that passes in
front of the flashlight, while peering at the other end. The student should be able to
identify two effects: the other end of the fiber definitely gets brighter when the opposite
end is at or near the center of the flashlight, and there is a (narrow) range for which we can
collect and see light being transmitted by the fiber.

In the worksheet they will note the range of “light capture” by the fiber, and the
point of most brightness. If we do not get to this activity, the students can do it at home,
since they are taking the fibers. There are “naked” fibers (without a plastic cover), and the
other kind is covered with plastic sheathing.
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STUDENT WORKSHEET
Activity I. Inks

Write down the colors of the markers you used:

Now write down the different colors that you saw after the water spread out the ink.

For my first color , I saw , ,

)

For my second color , I saw , ,

)

You can also try drawing different shapes, or use a paper towel instead. What do you
notice?

Answer:

Activity 2: Milk and water

Fill in this table. A success means that light makes it thru pretty much like a beam. A
failure is when the light is no longer a beam, it is too spread out to tell.

Number of milk drops | Success (S) or
Failure (F)?

U1 (N =

If you used both the flashlight and the laser, just use the same table, but write your S’s and
F’s in another column.
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Activity 3. UV beads

List the materials you tried: ) ’

v 9

Material UV bead changed color: yes
(y) or no (n)?

Which material do you feel is best for stopping the UV light?

When you get home, you can use your bead to test whether things put out lots of UV
light. The quicker the change of color, the more UV light it being put out. Try taking the
bead outside on a sunny day; placing it near the TV; LED Christmas lights; seeing if there
is a difference between different kinds of light bulbs, etc. Be careful: the beads are plastic
and they will melt if you put them too close to hot sources.

Activity 4. Fibers

Place the fiber and the flashlight on the drawing below. Move the fiber (slowly!)
from top to bottom, always looking at the other end. Make a pencil mark on the paper
when you start seeing enough light to be able to tell, another mark when it is brightest, and

one more when you “run out” and cannot see light anymore.
Using a ruler, measure the range from where light starts to where it ends.

Light!

Flashhght

Fiber
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Coolidge Science Club

Laboratory VI — Air and pressure
1. Main goals

This week we will study air and pressure. I think students will already have an
intuitive feel that air can push, like in sails or deflating balloons. We will try to
communicate the following ideas:

a. Air can be squeezed into a closed space (like a balloon).
b. Air that has been squeezed has a higher pressure (it can push harder).
c. The lack of air in certain places can also be used to do work, like lifting things.

d. A moving object like a paper airplane also uses air to push up on its wings, producing
lift (an upwards force).

e. It can get difficult to squeeze air into a smaller and smaller volume.

f. Finally, the kids should also take home the message that they can continue the work at
home. We will assign a little “homework” for them to build at home...

2. Organization

Same as every week. Each group of 3-4 students will have an adult leader. The role
of the leader is to keep them on task, to safeguard the parts and supplies (making sure that
they are used, within reason, for the activities they were meant), to ensure safety, and to
provide explanation and guidance. Each kid should get the chance to participate hands-on.
Workload should be shared, and no student should dominate the activity. Remember, the
key is hands-on.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very
flexible. The adult table leader can slow things down by asking questions, introduce new
things (Does the shape of the balloon matter? Is the weight of the two paper airplanes the
same? What happens if we make a car heavier?), or speed them up. It is important that
the students do the worksheets.

Mario will be walking around and helping where needed. In the side table we will
have additional supplies. When we get to five minutes before the end, all the groups will
gather up. We will do one more demonstrations (to end with a bang: this week we will do
the weird balloon, and the crushed can, or a vacuum show), and then the kids will go to
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their parents. They will take the worksheets home to show their parents, and they will also
take extra paper airplane templates. Thus they could do some experiments of their own.
3. Problems

If any issues arise (like discipline, or a disregard for safety), bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will be helping again.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and maybe others) will take care of the setup every week. We will of
course expect that the students will treat the equipment with respect, and that each adult
table leader will make sure of that.

ADULTS

Note: We will not meet next week
due to Spring Break.

Activity 1: Balloon rocket cars

This is both fun and instructive. We are again focusing on developing more
quantitative activities. The idea is simple: a balloon is used to power a car, moving it
forward as it deflates. Exciting as this activity is, it can also be very instructive. Each table
will get one car, perhaps a couple of balloon pumps, and several balloons. The students
will test the effect of the inflation of each balloon by counting how many pump strokes they
have used to inflate (partially inflate) the balloon. It is essential that each student use the
same balloon, the same car, the same pump, and the same full stroke for the pump. They
will then look at the distance the car travels and fill a table in the worksheet, relating the
travel distance to the number of pump strokes used on the balloon. A couple of details: if
the car travels in not-so-straight lines, a stopwatch can also be used, and you can then fill
the table with time vs. number of pump strokes. If the balloon pops, use a similar one as a
replacement. And you can have one of the students try a car with a weight on it. We will
have metric tape measures and stopwatches in hand---a tape mark on the hallway floor (at
a known length) can also help make the distance measurements go faster.

Activity 2: Wet paper?
This is a simple challenge. A piece of paper is taped or held at the bottom of a

plastic cup. The cup is then turned upside down, and slowly immersed in a container filled
with water. The students note how much the cup goes into the water. They can stop at any
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point and slowly pull it out to check whether the paper has gotten wet. A ruler lets them
measure how deep the cup has gone.

Eventually the cup is fully submerged, yet...the paper does not get wet! This shows
the students that compressed air (squeezed air) can hold back the water and “save” the
paper. With some care they can determine what height of air is left in the cup when it is
completely under the surface.

The worksheet lets them record these measurement and a couple of observations.

Activity 3. Paper airplane

The last couple of pages in the handout (and in every worksheet) are templates for
building a paper airplane. Try making the first airplane with completely flat wings (tape is
allowed, and we also have paper clips for weight), while for the second one have the
students fold it in the shape of an airfoil. You can discuss .
with them that air going over the foil moves faster than the C s )
air going under, and this creates a lift. By the way, it is an ' : ’
oversimplification to think that this explains all flight, but it is an important effect, and
worth mentioning.

Here are the folding instructions for the plane, taken from the website
http://fatlion.com/science/paperairplanes.html

“Cut out the airplane's shape along the dark solid line. Next, fold the top half at
the dotted line so that it meets the bottom half. Don't, however, fully crease the
paper at the fold (we want to make a nice 'tear drop' air foil shape).

After folding the paper back, put a small piece of tape at the wing tips and at
the center at the points marked A, B, and C. Now fold the plane along the
center crease so that it creates a flattened out 'V'. The angle of the V' should
be no more than about 15 degrees.

Test fly the plane and adjust its stability. Keep the nose of the plane from rising
(stalling) by adding a small weight to the nose (point D), a paper clip or two
does nicely. You can also adjust how much the plane dives or climbs by cutting
small slots in the tail of the plane and bending the paper at the cuts up or down.
Experiment with putting them up or down and seeing what effect that has on
the way the plane flies. People who know about airplanes call these little 'tabs'
an elevator if it makes the plane go up or down and a rudder if it makes the
plane turn right or left.”

Activity 4 (if we have time, otherwise “homework”): Drop contest

For fun at home the students can build, with two sheets of paper, five paper clips,
and 1 foot of Scotch tape, a device that will trap a golf ball rolling on the ground after
rolling down a short ramp. Their trap has to catch and hold on to the ball. The less it
moves, the better. We will test any inventions next week.
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STUDENT WORKSHEET

Activity I. Balloon car

Describe the shape of the balloon you used:

Now write down your measurements, making sure you always use the same car, the same
balloon (or an identical one), and the same pump.

Number of pump Distance
strokes traveled (or
time taken)

What happened when the heavier car was used? Did it travel more or less?

Activity 2: Wet the paper!

Fill in this table. A success means that the paper got wet; a failure means it remained dry.

Ruler measure of cup Success (S) or
into water failure (F)

How much of the cup was air, once you got the whole cup under the water surface?
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Activity 3. Paper airplanes

Fold the paper airplane as indicated by your adult leader. You will do this twice:
once with flat wings, once with wings shaped like a tear drop (more or less!).

Throw the paper airplane six times, all with the same strength. Make a note of
where each airplane lands (you can skip the ones that hit walls or other objects).

Which airplane flew better (more straight):

Which airplane flew farther (more distance):

Activity 4 —- HOMEWORK CHALLENGE.

At home, with two sheets of paper, 5 paper clips, and 1 foot of Scotch tape, build a
trap that will stop and hold a golf ball coming towards it at walking speed.

Rules: — You are allowed to cut the paper
— You cannot use any other parts

— The golf ball will be rolled down a plane (a ramp) and aimed at your trap.
The trap will be about a foot after the bottom of the ramp.

— Adult help is not needed

— Bring your trap in at the next meeting.
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Coolidge Science Club

Laboratory VII — Bouncy balls and energy
1. Main goals

This week we will “go back to the beginning”. We will study the way that balls
bounce, and how high they reach. The overall goal is to give the students a feel for energy
ad how it can be transformed. In general, we would like for the kids to learn that:

a. Balls made of different materials bounce differently when dropped from the same
starting height. Elasticity (or “rubberiness”) plays a role.

b. There is a relationship between the height the balls reach and their speed.
c. There is a pattern to how high the balls get after each bounce.

d. Looking at the pattern can let us make predictions as to how high the next bounce will
go.

d. Patterns can be spotted and understood better using graphs

e. Finally, the kids should also take home the message that they can continue the work at
home even with items as simple as toy balls.

Also, remember that this week we will also do our little building contest in which we catch
a ball that slides down the ramp...

2. Organization

Same as every week. Each group of 3-4 students will have an adult leader. The role
of the leader is to keep them on task, to safeguard the parts and supplies (making sure that
they are used, within reason, for the activities they were meant), to ensure safety, and to
provide explanation and guidance. Each kid should get the chance to participate hands-on.
Workload should be shared, and no student should dominate the activity. Remember, the
key is hands-on.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very
flexible. The adult table leader can slow things down by asking questions, introduce new
things (Does the size of the ball matter? What about the weight of the ball? What happens
if we throw the balls towards the floor, instead of just dropping them? Does it matter if the
ball is solid or hollow?), or speed the activities up. It is important that the students do the
worksheets.
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Mario will be walking around and helping where needed. In the side table we will
have additional supplies. When we get to five minutes before the end, all the groups will
gather up. We will do one more demonstrations (this week we will do the gyroscope, and
other smaller demos), and then the kids will go to their parents. They will take the
worksheets home to show their parents, and they will also get to take one of the bouncy
balls. Thus they can do some fun experiments on their own.

3. Problems

If any issues arise (like discipline, or a disregard for safety), bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will be helping again.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and others) will take care of the setup every week. We will of course
expect that the students will treat the equipment with respect, and that each adult table
leader will make sure of that.

ADULTS

Supplies: Tape measures, meter sticks, variety of bouncy balls, masking tape, poppers,
graph paper at the end of the worksheet. Testing ramp for contest.

Activity 1: The Contest

The rules were that the students had to build, with two sheets of paper, five paper
clips, and 1 foot of Scotch tape, a device that would trap a golf ball rolling on the ground
after rolling down a short ramp. Their trap has to catch and hold on to the ball. The less it
moves, the better. We will be on the hallway testing each “invention”, and we’ll try to have
another test next week, on the assumption that not every student will have one ready.

Activity 2: Bounciest balls

Begin by picking a set of balls of different materials. The students will look only at
the first bounce, and attempt to answer which materials are the “bounciest”. Have them
drop each ball, in turn, from the same starting height. You can go ahead a place a small
piece of masking tape on the wall to mark your initial height, and then drop the ball. If you
really want to go all out, tape a few sheets of paper to the wall and mark them every 10 cm
or so (about every 4 inches).

Each student can participate by spotting the height reached by the ball after the
bounce. If you’d like, you can have them place another small piece of tape at the maximum
height reached by the ball.
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Have the students compare a variety of things. Do balls of the same material but
different size reach different heights? Does the starting height matter, or is the pattern
maintained (i.e., the same balls always win). Next, introduce the idea of error: if you drop
the same ball several times (say four times) from the same height, does it always get to the
same exact bounce height?

Finally, have the students discuss why some balls were better than others. What
was common to them? What kind of materials were they made of?

Activity 3. Multiple bounces

This is where it gets interesting, and even a bit more “scientific’. The idea is to
introduce the students to the coefficient of restitution, a parameter defined as the ratio of
the outgoing speed of the ball right after it hits the floor to the speed right before it hit. I
can also be found using the (very simple) equation

h
Cy =\/;=> h=(Cp)H,

where h is the bounce height and H is the drop height. We'll have calculators handy. But
here is the beauty: once you know the coefficient, you can predict how high the ball will
reach on any bounce!

Say you drop the ball from a height of 4 feet, or 1.22 meters. The first bounce gets

0.98
back to 98 cm. Then C, = 1/% =0.89. You can then tell the students: “On the next

bounce, the ball will get to 78-79 cm” and impress them when it does. For this case, the
first bounce gets to 98 cm, the second to 78.7 cm, the third to 63 cm, etc. Every bounce is
only 80% of the previous one.

The students will carry out the experiment and, for the first time this semester, plot
a graph of the height of the bounces as a function of the bounce number.

Activity 4. Poppers

This is another way of looking at the effect of the rubberiness, and to introduce the
concept of stored energy. Each table has a “popper”, a half-ball made of rubber, and we
will also have some nicer ones on the side table. By flexing it inside out and then dropping
it, you can get the popper to fly higher than the height from which it was dropped. This is
surprising in light of the previous experiments, where the bouncy balls always end up
lower than the previous bounce.

The explanation is that the popper is actually storing energy that came from the
work you put in flexing it inside out. This energy of deformation is stored when the
material is elastic. The collision with the floor when the popper is dropped leads to the
release of this energy, which is converted to motion and eventually to a greater height.



STUDENT WORKSHEET

Activity 1: The challenge — Fill only if you brought a trap you built

Describe the ramp we used. How high was the back end? Did you ever find out how fast it

was going?

Was the golf ball completely stopped by your trap? YES NO

How far did the ball and trap go?

cm

Activity 2: Bounciest ball

List the kinds of balls you used (name the material or describe):

v b

9

Fill the table:

Ball used (name)

Height reached after
ONE bounce

Now pick one of the balls you liked, and fill up this table.

Ball used: Height reached after
ONE bounce
Trial 1
Trial 2
Trial 3
Trial 4
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Activity 3: Bouncy balls!

Describe the ball you used:

Bounce number Height reached after bounce
0 (Initial height)
1

N ([ ONO1 R (W N

Now make a graph or plot of the results, using the grid below. The next page has a couple
more grids, in case there is a mess up, or if you want to do it again for another ball.

Initial height

Height reached

Bounce number

Activity 4 (Optional if you have time). Poppers

Get a “popper” from the table. Flex it inside out (the adult at your table may help).
Now drop it from a fixed height---not too low or it will not “pop” (50 cm or so). If you spin
it a bit it will drop flatter and pop better. Fill the table below for a few starting heights.

Drop height Height reached after “pop”
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Coolidge Science Club

Laboratory VIII — Sound

1. Main goals

This week we will explore sound. We will study the way that sound is produced, and
also look at the “shape” of sound using a microphone and an oscilloscope. The overall goal
is to give the students a feel for waveforms and the visual differences between sounds of
different frequencies. In general, we would like for the kids to learn that:

a. Sound is related to vibration.
b. You can see sound using a microphone and an oscilloscope.
c. Sound makes patterns: steady, simple sounds make easy patterns.

d. There is a relationship between the sound pitch and the pattern that appears on the
oscilloscope.

d. Some sounds (ultrasound) cannot be heard by humans.

e. You can make a large variety of “musical” instruments, perhaps better called
noisemakers.

Also, remember that this week we will also do a repeat of our little building contest in
which we catch a ball that slides down the ramp...

2. Organization

Same as every week. Each group of 3-4 students will have an adult leader. The role
of the leader is to keep them on task, to safeguard the parts and supplies (making sure that
they are used, within reason, for the activities they were meant), to ensure safety, and to
provide explanation and guidance. Each kid should get the chance to participate hands-on.
Workload should be shared, and no student should dominate the activity. Remember, the
key is hands-on.

We will start with a very short preliminary talk (5 minutes) and demonstrations (5
minutes). The next 30 minutes are for the students to do the activities, after splitting up
into their groups. Each major activity should take maybe 10 minutes, but this is very
flexible. The adult table leader can slow things down by asking questions, introduce new
things (Does the loudness of the sound matter? How can we make things vibrate faster?
What happens to the sound when we do that? Does the size of the tube in a kazoo or flute
affect the sound?), or speed the activities up. It is important that the students do the
worksheets.
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Mario will be walking around and helping where needed. In the side table we will
have additional supplies. When we get to five minutes before the end, all the groups will
gather up. We will do one more demonstrations (this week we will do the long slinky, and
other smaller demos), and then the kids will go to their parents. They will take the
worksheets home to show their parents, and they will also get to take one of the bouncy
balls. Thus they can do some fun experiments on their own.

3. Problems

If any issues arise (like discipline, or a disregard for safety), bring them to my
attention. If necessary the students will be made aware that a continuation of the poor
behavior will result in removal from their group and the halt of any fun activities. Serious
problems would be referred to Principal Fitzgerald, though I doubt this will happen. Mrs.
Fenton will be helping again.

4. Setup and takedown

Finally, on the logistics side, let me mention setup and take down. It would be nice
if some of the adult helpers can stay an extra ten minutes or so at the end to help clean up.
Mario and Louisa (and others) will take care of the setup every week. We will of course
expect that the students will treat the equipment with respect, and that each adult table
leader will make sure of that.

ADULTS

Supplies: Tuning forks, plastic eggs, microphones and oscilloscopes, a couple of wine
glasses, long slinky for demo.

Activity 1: The Contest, Part I1.

The rules were that the students had to build, with two sheets of paper, five paper
clips, and 1 foot of Scotch tape, a device that would trap a golf ball rolling on the ground
after rolling down a short ramp. Their trap has to catch and hold on to the ball. The less it
moves, the better. We will be on the hallway testing each “invention”, and we’ll try to have
two testing setups, on the assumption that not every student will have one ready.

Activity 2: Sound detective

On the table are some plastic Easter eggs, appropriate for this time of the year. Each
is filled with a mystery items(s). Have each student shake each of the eggs in turn and
attempt to guess what’s inside the eggs. They have to write down their guesses on the
worksheet.

Do not just let them shake the eggs. Ask them which eggs make higher frequency
(higher pitch) noises. Does the frequency of the shaking matter? Can we tell something
about the size of the objects inside? You can then open the eggs (they are taped shut), and
compare the guesses with what was inside the eggs. Make sure you retape the eggs, as we
will use them again in another activity.
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Activity 3. Tuning forks and “seeing sound”

We will now visualize sound. Have the students get used to the tuning forks. Make
sure they hit them (not too gently), and then bring them close to their ears to hear the
sound they make. Each student should try two-three different tuning forks. The resonant
frequency is marked at the bottom of each fork: it is best if they use forks that are quite
different in frequency.

Once they are comfortable with the forks, have them walk over (with the forks) to
one of the microphone/oscilloscope setup. Each setup will have a Coe student running
things. Have the students strike each of the tuning forks in turns, and have them see the
wave patterns shown on the scope screen. Notice that the screen has a grid with boxes.

Now pick one of the forks, one that worked well. Have the student strike the fork
and count the boxes between the peaks shown on the screen. A rough number (like “three
and a half boxes”) will be fine. Now, without changing any settings, strike a different fork
(the more different the better, but you may have to play around), and count the number of
boxes again. Relate any differences to the pitch (frequency of the sound) made by the
tuning fork. Have the students draw one of the waves they saw on the screen in their
worksheet. Finally, have the students talk---in a normal voice---into the microphone.
Compare the complexity of their sound to the simple tuning fork. What happens if we
strike 2-3 forks at the same time and bring them all near the microphone?

The Coe student will also demonstrate the sound made by glasses with more or less
water in them.

Activity 4 (Optional if you have time). Building a Kazoo and testing it.

Find a cardboard or plastic tube. Cut a small piece of wax paper, enough to cover
one of the ends of the tube, and secure it using a rubber band. Try to keep the paper fairly
tight. A hole in the tube, somewhat close to the rubber band, will help. How hum a tune
by blowing into the tube...

Discuss the effect with the students. How is the sound different with and without
the kazoo? When a person sings or hums into the tube, what happens to the wax paper at
the end?

If the Kazoo fails, use one of the shoe boxes, wrap a rubber band around it and pluck
it to make a string instrument instead.

If you have time, blow the Kazoo (or string music box) near one of the
microphones/scopes. Have the students compare the results to the tuning forks.
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STUDENT WORKSHEET
Activity 1: The challenge — Fill only if you brought a trap you built

Describe the ramp we used. How high was the back end? Did you ever find out how fast it
was going?

Was the golf ball completely stopped by your trap? YES NO

How far did the ball and trap go? cm

Activity 2: Sound detective

Fill the table:
Ball used (color or Guess as to what’s inside
number)
Now fill up this table.
Ball used (color or What was actually inside
number)

What was the most surprising sound?
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Activity 3: Tuning forks

Describe the tuning forks you used (use the numbers on the base):

Now draw the results, using the grid below. Draw just what you saw from your favorite
fork. The next page has a couple more grids, in case there is a mess up, or if you want to do
it again for another ball.

Activity 4 (Optional if you have time). Kazoo

Build a Kazoo with the help from your instructor. Each person may want to try to
build a slightly different one. Answer these questions.

What happens to the wax paper at the end when someone blows in the Kazoo?

Does the size of the Kazoo matter? How about the shape?

If you got a chance to test the Kazoo with the microphone, draw the results
using the extra grids.
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