The Berkeley Outreach Science Selection
(BOSS)

Fall and Spring 2015 Menu

Dom Castanzo
Dan Kramer
Eva Nichols

About BOSS
BOSS is an outreach initiative started by three UC Berkeley graduate
students in the department of Molecular and Cellular Biology. Their
simple goal is to spark interest and establish a positive impression
about science for young students in an engaging and memorable way,
as well as (hopefully!) become role models.
BOSS provides a wide selection of experiments and demonstrations in
the form of a “menu.” The menu spans topics in physics, chemistry, and
biology. The idea is that teachers know best about what will fit in their
classrooms, and what students at particular grade levels can
understand. To enable flexibility, teachers can mix and match
individual items in the menu and BOSS will send a team of graduate
student volunteers to lead the selected activities. Many of these
activities align with the Next Generation Science Standards (NGSS).
Many may also be combined for a large assembly format (for example,
a Chemistry Magic Show night).
Volunteers will adjust content to be appropriate for grade-specific
understanding with advice from teachers. Safety is always first (and
nothing goes without approval from Principal Makela!). This model of
science outreach is not meant to supplant the core science curriculum
at the school; rather, it is meant as a means for young scientists to
interface more with the public and inspire the next generation of STEM
minded individuals.
2015 is the first year trial run of BOSS, kindly supported by part of Dr.
Andreas Martin’s National Science Foundation grant as well as
generosity from many of the parents, teachers, and administration at
Madera Elementary. Just to name a few: BOSS liaison Crystal Nie,
Principal Alison Makela, Ms. Laura Schooly, Ms. Betty Buginas, Mr. Carl
Blake, and Jeff Walker. Without these individuals, this outreach
initiative would not be possible! A HUGE thanks!
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How to use this menu
Since this is the first year of BOSS, it is not yet known what will work
best. The tentative goal right now is for a team of grad student
volunteers to lead activities for a classroom every two weeks.
Crystal Nie has kindly prepared a BOSS sign-up sheet in the form of a
Google document (link here:
https://docs.google.com/spreadsheets/d/1Q_l250w_euu6yfMAnLGyw
pU9TfqhN0oiIsXXk_4kJT0/edit?usp=sharing).
Hopefully, desired activities can be chosen ahead of time and entered
on this sign-up sheet using the number and brief title. We request at
least two-weeks in advance in order to arrange volunteers and acquire
materials. We will confirm requests and, with the help of Crystal,
personally communicate with you regarding precise scheduling and
scaling up/down the demonstration/experiment content.
For every demonstration and experiment within the menu, there will
be a description, time estimate, central science theme(s),
recommended activities to pair with it, recommended settings
(indoors vs. outdoors), materials, and double asterisks (“**”) to
indicate everyday items that parents can contribute if they choose to
do so. Parents may also skim materials to see if there are larger items
we can borrow that they may have laying around (i.e., old speakers,
vacuum pump, etc.). We have also indicated where we may need help
from the Dad’s Club in constructing tools and setting up
demonstrations.
As graduate students, we are juggling research, teaching, and
qualifying exams (particulary during the Spring semester). We ask for
flexibility and understanding as we try to strike a healthy balance
among all our responsibilities. Thanks in advance!
We are also welcome to suggestions of any kind. Since this is the first
year, we won’t know what to expect and are always looking for ways to
improve!

Let’s begin and serve up some science.
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1. Isolating Strawberry DNA – Hands on/demonstration
Outline of the experiment:
Students will isolate DNA from strawberries. Crushing
up the strawberries, mixing it with the cell lysis mix, and introducing that mix to
isopropanol will make the DNA visible. Because strawberries have eight copies of
every gene, it is packed with DNA, making it easy to visualize. Students will be able
to do the activity themselves, and can alter different parts to experiment with the
process
Themes and good experiments to pair it with
: This brings up a very important
core concept in Biology that the parts to life exist, even if we can’t see it. This
experiment is aimed towards 4-5th graders. Students learn the concept that DNA is
present in the cells of plants and animals, and that it is the building blocks to an
organism. Students can ask and answer questions about the process by altering the
protocol to see effects it causes. This activity can be preceded by an earth science
segment in which students first grow the strawberries in the garden.
Materials for each experiment:
-Over-ripe strawberries (frozen or fresh also work, just less ideal)**
-Isopropanol
-Cell lysis mix (100ml water, 5ml dishwashing soap, 1.5 grams NaCl ( ¼ teaspoon))
-ziplock bags
-100ml glass beakers
-funnel
-filter paper/Kimwipes
-wooden stirrer**
Protocol:
-Mash strawberries in a ziplock bag
-Add 10ml of the cell lysis mix and mash some more!
-pour mix into a glass beaker with funnel fitted with filter paper and let sit until
most of the liquid goes through
-slowly add 20ml of isopropanol down the side of the tilted beaker as it forms two
layers
-watch as the DNA slowly precipitates, or comes out of the strawberry liquid and
into the isopropanol. Stir with a wooden stirrer to gather the DNA.
Time:
15 minutes for demonstration. 30 minutes for the whole class to do it

2. Isolating Cheek Cell DNA – Hands on/demonstration
Outline of the experiment:
Similar to the previous experiment, students will
isolate their own DNA from cheek cells. With a microscope, students can scrape
their own cells and visualize them. They can then take more cells to isolate DNA. It
won’t be as much DNA as would be in strawberries, but it’s more meaningful to have
them take their own cells. This activity can be extended with making “DNA
necklaces” in which the students can take home their DNA in a tube on a string, a
necklace they made by themselves, from themselves.

Themes and good experiments to pair it with
: This brings up a very important
core concept in Biology that the parts to life exist, even if we can’t see it. This
experiment is aimed towards 4-5th graders. Doing this experiment in conjunction
with the strawberries one ties humans together with plants to show that the
building blocks that maybe strawberries also make us.

Materials for each experiment:
-Isopropanol
-Cell lysis mix (100ml water, 5ml dishwashing soap, 1.5 grams NaCl ( ¼ teaspoon))
-Eppendorf tubes
-transfer pipets
-wooden stirrer**
Protocol:
-Use the wooden stirrer to scrape the insides of your cheek.
-Fill the eppendorf tube with .5ml of cell lysis mix, and scrape the cheek residue into
the tube.
-add 1ml of isopropanol into the tube and shake vigorously.
-there should be a small white blob of DNA!
Time:
15 minutes for demonstration. 30 minutes for the whole class to do it

3. Swabbing Bacteria – Hands on
Outline of the experiment: 
People are more bacterial than human—for every
human cell, there are ten bacterial cells; although, they are much tinier. Getting rid
of bacteria is like trying to sweep away dirt from soil. In this activity, students
explore bacteria that are lurking on surfaces by swabbing different places and
putting them on agar plates to see what grows. What has more microbes—the toilet
seat, or a cell phone surface? What happens if you press your hand on a plate? And,
what happens when you apply antibiotics? Students will find different surfaces to
test, rub them on agar plates, and let the bacteria incubate for a few weeks. After
this, they can go back and score the plates to see what was the dirtiest. Using a
microscope, they can see smaller colonies and get a closer look at their
characteristics.
Themes and good experiments to pair it with
: This activity will be accompanied
with a discussion on microbes and the world around us, with their role in sickness
and in health. It also fits into the DNA experiments, in the way that it illustrates that
there are small things we can’t see that make up the world around us.
Materials for each experiment:
-LB agar plates
-Cotton swabs**
-any surface that may hold a lot of bacteria (probably anything)
Protocol:
-take a cotton swabs (q-tips), lightly moisten the end
-find a surface you may think have tons of bacteria
-rub the cotton swab on the surface, and then rub it gently onto the agar plate
-let sit in a warm, humid area until bacterial colonies appear.
-look at them under a microscope and write down the colonies appearance
Time:
10-15 minutes to get everyone to find a surface, rub it on a plate, and store it.

4. Glowing Yeast and / or Glowing Bacteria - Demonstration
Outline of the experiment:
The concept of DNA carrying information is a difficult
one to communicate. In this demonstration, the DNA of the bacteria or yeast has
been changed so it creates a protein that glows when shown under a blacklight.
Themes and good experiments to pair it with
: This should again be aimed at the
older students, used in conjuction with the DNA experiments to hammer the points
home. It also works well to illustrate again that small organisms exist, even if we
can’t see it with the naked eye.
Materials:
-Yeast or Bacteria that express GFP
-black light
-microscope
Protocol:
-look at bacteria or yeast under microscope without blacklight
-look at it with blacklight on and observe the glowing organisms
Time:
10 minutes to have students observe and explain. Works best when done in
conjunction with other things going on.

5. Underwater Respiration and Plants – Hands on/
experimental
Outline of the experiment: 
This activity is a classic experiment in which plant
production of oxygen is explored. A species of plant, like 
Cabomba
, is submerged in
water in dark or light conditions. Gasses are produced in lighted conditions and are
seen as bubbles on the surface of the leaves. This gas can be harvested in a
container. There is also a built in experimental aspect where students can vary the
amount of light, type of plant, and temperature introduced to the plant to see how
that affects gas accumulation
Themes and good experiments to pair it with
: This experiment explores a couple
themes. The first is the theme of what are the building blocks for plant life. There
needs to be nutrients, water, and carbon dioxide. The other theme can encompass
the more specific aspects about plants, such as how they grow, why they like specific
colors of light, and what plants produce. This activity can be accompanied with a
lesson in photosynthesis, plant chromatography, and/or growing roots. This fits into
the majority of the earth science curriculum for all ages. Young ages can explore the
idea that there are certain substances necessary to keep organisms alive, and older
students can approach form the level of how plants form a relationship with the
organisms around them.
Materials:
-Cabomba plant
-Beaker filled with water
-plastic funnel
-balloon, or tubes to collect gas
-lightbulb
-darkbox
Protocol:
-Cabomba plant is placed in the beaker filled with water
-a plastic funnel is placed upside down over the plant under water to collect the gas.
-the beaker with plant can be placed inside a dark box and light intensity can be
changed to show the different rates of photosynthesis
-kids can measure the gas by bubbles per minute
Time:
30 minutes to set up several different sets and have sets of students work together
to find different conditions to measure

6. Roots and Plants – hands on/experimental
Outline of the experiment: 
In this experiment, the students will plant white
mustard seeds in agar plates and watch over the course of weeks the development
of roots and other plant features. Gravitropism can be explored by rotating the
plates to see the roots change direction back towards the ground. Patterns of root
growth can be investigated by placing objects in the path as they grow as well.
Additionally, students can visualize the xylem by placing seedlings into water
colored with food dye. This set-up can be revisited daily and have the kids record
the lengths of roots and stems when the plant is in different conditions.
Themes and good experiments to pair it with
: This will fit into the majority of the
earth science curriculum for all ages. It can touch on the theme of what plants need
to survive, and how they adapt to their surroundings. It also touches on the themes
of growth: how life has different stages. The younger ages can see how a plant
develops. It will show well the different stages of life of a plant. The older students
can see more in depth how the plant grows, and test which types of
nutrients/light/water can affect growth. It will go well with the plant in a glass
beaker to illustrate how plans use their nutrients.
Materials for each experiment:
-mustard seeds
-LB agar plates
-if agar plates don’t work, clear plastic or glass cups with soil
Protocol:
-using tweezers, place mustard seeds into the agar, but not all the way against the
bottom
-check back in on it daily to see if/how it has grown
-add objects in the way of the roots or rotate the plate to change the roots direction
-change the light/dark conditions to see how that affects the growth.
Time:
15 minutes to set up and talk about. Data collection can last an entire semester.

7. Observing Osmosis using an Egg Cell: Hypertonic vs
Hypotonic Solutions – demonstration/hands on
Outline of the experiment: 
Osmotic pressure is an important force in living things.
An important example is the human kidney, which is responsible for filtering waste
from our blood and reabsorption of fluids. Osmosis can be appreciated in this
experiment in which the semi-permeable inner membrane of an egg is exposed
(after dissolving the shell for a few days in vinegar) and are placed in a hypotonic
solution (salt-water) and a hypertonic solution (corn syrup). The egg in the water
will gain mass, and the egg in corn syrup will decrease in mass.
Themes and good experiments to pair it with
: This could be introduced to the
older students to represent forces that can’t necessarily be seen, but can cause
movements. They can try different solutions and make predictions as to what will
happen to the egg in the water. This will also work with a chemistry demonstration
to show the chemical reaction that vinegar has on the egg shell, and what it
produces.
Materials:
-eggs
-glass beaker
-vinegar
-salt
-corn syrup

Protocol:
-Before starting the experiment you must dissolve the calcium carbonate shell of the
egg.
-place in a beaker with vinegar for several days and watch as the calcium carbonate
is slowly dissolved into carbon dioxide and calcium acetate
-once the eggs are ready (they should be squishy to the touch) we can begin
-fill 1 beaker with salt water, and one with corn syrup
-weight the eggs, and then put them in each solution
-Let them sit, overnight, weight the eggs, and observe them
-think of different solutions to see what happens to the eggs.
Time:
Three days to dissolve the egg shells. Overnight to let the eggs shrink or grow. 20
minutes for data collection.

8. Plant Chromatography – Hands on/experimental
Outline of the experiment: 
Photosynthesis and pigments in plants can be
investigated with this activity using the chromatography method, still used to
identify unknown compounds. Spinach leaves, or any dark leafy green, are ground
up and applied to a strip of filter paper and the edge is placed in acetone solvent. As
the solvent is carried up the paper, pigments are dissolved and deposited along the
strip of paper. Based on the band color and distance traveled, the type of plant
pigment molecule can be determined. Other materials can be used to see pigments,
such as felt tip pens and Skittles candy.
Themes and good experiments to pair it with
: When combined with other
activities that demonstrate photosynthesis, like the respiration under water (5), we
can start to understand why plants need the color light that they select for. It is
appropriate for all ages. This activity can be accompanied with other plant demos as
well like the growing roots experiment to expose the students to several examples
of what plants need to live.
Materials for each experiment:
-Dark leafy grean (spinach preffered)**
-acetone
-filter paper
-water
Protocol:
-
Grind up the spinach, if necessary add a bit of water.
- acetone
-place the end of the filter paper just into the spinachy water, and let it climb up.
-observe the different bands of color generated.
Time:
This demonstrate could last 10 minutes, and 20-30 if teams of students do it
together.

9. Bread Mold – Hands on/Experimental
Outline of the experiment: 
What is mold, and under what conditions cause mold to
grow on bread? In this activity, bread, tortillas, and/or rice are placed in sealed bags
with a little bit of water added for moisture. Bags can be placed in a variety of
conditions: warm, cold, lit, unlit, etc. and students can learn about what helps mold
grow the best, while being exposed to the idea of controlling and manipulating
variables. Data can be collected and plotted regarding the amount of mold, and the
type.
Themes and good experiments to pair it with:
This experiment introduces the
idea that life exists even on microscopic scales (1-4), and that mold is an organism.
This could work well for all ages approached from the angle of - what do different
species need to live? We could explain different types of mold to older students, and
use it to touch on the themes of what organisms need to live to the younger
students.
Materials for each experiment:
-Bread products**
-Ziplock bags**
-water
Protocol:
-place slices of bread inside different ziplock bags with a spritz of water
-put into different locations around the school/lab.
-try using different types of bread products, and variable amounts of water, or other
small ingredients to see what varies growth
-collect data of the mold growth throughout the month
Time:
This will take 10 minutes to set up, but data collection can happen throughout the
month.

10. Sea Water Creatures – Hands on/demonstration
Outline of the experiment
: Samples of ocean water, or any large body of water, are
placed under the microscope to look at different sea creatures that may exist, such
as algae and plankton. The Ocean is teaming with life, and sometimes it’s too small
to see it.
Themes and good experiments to pair it with
:
Similar to other experiments
(1-4,9), this demonstration hammers home the idea that we are surrounded by
microscopic forms of life that we can only see if we look very carefully. Larger life
forms are made up of smaller building blocks as well. This would work well with all
ages, and could be used in conjunction with a field trip if they visit a marina, or
another large body of water.
Materials:
-Falcon tubes to hold seawater
-a trip to a large body of water, preferably, an ocean.
-10cm petri dish
-microscope
Protocol:
-scoop the water into the falcon tubes and save it until you get back to class
-pour some water into the petri dish
-put it under the microscope and observe!
-draw whatever you see.

11. Sensation – Hands on/demonstrations/experiments
Outline of the experiment:
How to do perceive and interact with the world around
us? Through our senses. This lesson can cover the biological basis for the majority of
our senses in the hopes of highlighting the key concepts. Different lessons maybe be
appropriate for different age-groups. This would be a long lesson and it wouldn’t be
possible to cover every single sense, so the outline to each will be brief. 
Taste
- use
M-Berries to alter taste and go over how our tongues taste. 
Touch
- Using two
chopsticks at different distances and different parts of your body, you can poke
yourself to see which parts of the body have the best touch perception. Use this to go
over how we feel objects 
Vision-
make a pinhole camera to show how we see the
world through our pupils, and how it projects onto our retina. 
Auditory- 
explain
how sound is made of waves by using a Chladni Plate and rice, and then how our
ears take those waves and turn it into sound
Themes and good experiments to pair it with:
From the biological approach, we
talk about how eye works as a pinhole projecting onto the retina. We can also talk
about how touch and taste work, using specialized cells to convert mechanical force
into electricity. From the physics approach we can talk about how the cells convert
of energy into the senses and the properties of light that allow for vision. This theme
would work as great examples for 3-5 for energy conversion (which is focused on in
4th grade).
Materials-taste:
- M-Berries
- Foods running the gambit of tastes (sour, sweet, bitter, etc.)
Protocols-Taste:
-S
tudents taste a series of foods
-Eat the m-Berries
-Re-taste the foods and note the different flavors
Materials-touch:
-
chopsticks
Protocols-touch:
-Choose 3-4 parts of the body to test (hand, arm, leg, should, etc)
-hold the chopsticks less than a centimeter apart and poke yourself. Do this with
different distances between chopsticks
-Record which parts of the body are the most sensitive to discerning two chopsticks.
Materials-vision:
-
Large box
-scissors to cut a small hole
-bright lightbulb
-transparent sheet with a picture on it

Protocols-vision:
-
Cut a small hole (roughly penny sized) in the the center of one side of a box
-Shine a light through the transparent sheet towards the whole in the box
-using a blank sheet of paper, put it on the projection of the image and trace the
outline
Materials-Auditory:
-
Chladni plate** (dads club)
-rice or a small grain
Protocols-Auditory:
-
place the rice on the Chladni plate
-
Run different sounds, tones, or songs through the plate and watch as it changes the
patterns of rice on the Chladni plate
Time:
Altogether, these experiments would take up 2 sessions completely. Roughly 2
hours is a good guess.

12.
Owl Pellet Dissection – Hands on/demonstration

Outline of the experiment:
Owl pellet dissections are a great way to learn about
the eating habits of large birds of prey and food chain concepts in general. Owl
pellets are the excreted remains of an owl’s meal (the ones we buy will be
sterilized). Students can try to reconstruct a rodent skeleton. What kinds of bones
are they? And, can you tell types of rodents apart based on bone size?
Themes and good experiments to pair it with
: This may be a bit dark for the
younger students, but the older students will probably love it. It fits in line with the
NGSS curriculum focused on ecosystems, what animals need to live, how animals
adapt to different environments, what helps animals survive. It could be paired with
plant experiments (5, 6) to compare what plants and animals need to live.
Materials:
-Owl pellets
-tweezers
-small plastic dishes
Protocol:
-place the pellet in the dish and start pulling it apart
-any bones you find, put together
-compare the different bones and see if you can build a skeleton

13. 
Liquid Nitrogen LN
(Breaking objects) - demonstration
2
Outline of the experiment: 
This is a fun demonstration of freezing things in liquid
nitrogen for a while, and then breaking it. For fruit, a hammer is needed. Putting a
balloon in the liquid nitrogen shrinks it, while taking it out re-inflates it. This can
lead into a discussion about how molecules move at different speeds at different
temperatures. Volunteers do a “molecule dance” in which they run around fast and
then slow down, when we limit the area they can run; clumping together as the
balloon shrinks to better illustrate this point.

Themes and good experiments to pair it with
: Experiments with LN
touches on
2
several themes. Conservation of matter is shown when the balloon keeps the same
amount of air, but the volume changes. When we freeze fruits or flowers, it goes
over the states of matter. We talk about what defines states of matter, and good
ways to represent them using the ‘molecule dance’. This is a great way to
demonstrate density, and would work well for all ages.

Materials:
-
liquid nitrogen with a dower
-fruits and flowers
-hammer
-balloons
-large room, and some barrier (molecule dance)
Protocol:
-Quite simply, put the object into the liquid nitrogen
-take it out, and hit it with a hammer! (in an area that can be cleaned up easily)
Time:
35-40 minutes if we add the molecule dance.

14. 
Nice Cream: LN
Ice Cream - Demonstration
2
Outline of the experiment:
A fun way to use liquid nitrogen is making ice cream
with it. The liquid nitrogen causes the fat and water particles to pack together,
which is responsible for the creamy texture. A general rule of thumb is to use twice
as much cream as milk, and to sweeten with vanilla and sugar. No ice and rock salt
mix required!
Themes and good experiments to pair it with
: This also follows the themes of
conservation of matter, and physical changes. We could show how frozen or not,
everything weighs the same. It also would work well as an end of the semester treat,
or mixed with a chemistry magic show. All ages, including adults, hopefully…
Materials:
-
milk
-cream
-vanilla
-sugar
-other flavors
-liquid nitrogen
Protocol:
-Stir the ingredients together and add liquid nitrogen slowly and stir.
-as the nitrogen boils off it will make the ingredients cold, forming ice cream.
Time:
Making the ice cream will take 15 minutes. Adding toppings and eating it could take
longer!

15. 
Balloons - demonstration
Outline of the experiment:
This activity is used to educate students about what
three things are needed to start a fire: fuel, spark, and oxygen. Four balloons are
made: one filled with helium, one with pure oxygen, one with pure hydrogen, and
one with a 50/50 mix of hydrogen and oxygen (or a more optimized ratio). Each
balloon is lit on fire, with the helium first and the mixed one last. The mixed balloon
will be the largest explosion, because each ingredient is present in excess.
Themes and good experiments to pair it with
: The same way organisms have
specific things they need to live, fire too has ingredients it needs. With the different
gasses, we can ask the kids to predict how big the fire will be. This demonstration
will go well with other fire experiments like the fire jug (26), but may be best
reserved the older students.
Materials:
-balloons
-oxygen
-helium
-hydrogen
Protocol:
-Fill balloons with hydrogen, oxygen, helium, and a mix of oxygen and helium.
-balloons are held in place, and lit from far away by a candle attached to a long stick.
Time:
15 minutes to get through the explanation and the fire.

16.Lycopodium - demonstration
Outline of the experiment:
This demonstration shows how important oxygen is for
fire. Lycopodium powder (or the cheaper/safer/less impressive option of coffee
creamer powder) is dropped from above your head onto a torch held at about hip
level. A column of fire appears. Simply trying to light the powder on fire isn’t enough
to start it—you need oxygen between the particles to help ignite it. The kids will be
told it is lycopodium powder to avoid them from trying it at home.
Themes and good experiments to pair it with
: This falls under the theme of what
a fire needs to exist. It would pair well with the other fire displays we have like the
balloons (15) and the fire jugs (26). It also works well if explained with the density
explanations, where students can understand that the same material, if too dense,
can’t be lit on fire because the substance that fills in the holes when the powder isn’t
dense is oxygen, even though we can’t necessarily tell it’s there. Similar to the other
fire experiments, it may be best for the older students.
Materials:
-
candle or lighter
-coffee creamer powder
Protocol:
-drop varying amounts of powder onto an exposed flame
-measure (subjectively) the amount of fire created for different densities
-try to light just the powder without dropping it.
Time:
10 minutes

17. 
Magic Ice – demonstrations/hands on
Outline of the experiment:
The students can make their universal pH indicator by
blending red cabbage with water, and straining it. They can then add different, clear,
acids and bases to see if the indicator will change colors. The indicator should
change to green with a base, and more purple into yellow with acids. Adding dry ice
will cause the solution to acidify as carbonic acid forms, causing the indicator to turn
to a lighter color.
Themes and good experiments to pair it with
: The theme of pH is a complicated.
It’s important to start explaining it with solutions they are already familiar with, like
citrus drinks being acidic, and baking soda as a base. Try to explain what it means to
be an acid or base, what’s being donated, and what’s being accepted. Pairing this
with a baking soda and vinegar reaction is an old standby, but we don’t want this to
run the show. There’s relevant science behind the volcano phenomenon. Because of
its complex nature, this may be best suited for the older grades.
Materials:
-red cabbage
-water
-strainer
-blender
-graduated cylinder
-glass stirrer
-common acids and bases (baking soda, vinegar, ammonia, orange juice)
-dry ice
Protocol:
-blend a leaf of the red cabbage in water
-strain the liquid into the graduated cylinder
-This is now you’re pH indicator
-add acids and bases to change the pH of the indicator
-note the change of color, and add other substances of which you’re curious of their
pH
-add the dry ice and see how it changes the color.
Time:
30 minutes. The leader can make the pH indicator, and hand it out to groups of
individual students

18. Dry Ice: floating bubbles - demonstration
Outline of the experiment:
Bubbles can be filled with dry ice smoke by adding
dishwashing detergent to water, and then dry ice. Bubbles can also float on top of
dry ice smoke like it was water. It looks like a ship sitting in choppy water.
Themes and good experiments to pair it with
: The theme of this demonstration is
gas density. The smoke is actually a combination of carbon dioxide gas and water
vapor, which is heavier than air exhaled into a bubble. The smoke settles on the
ground as a result, and the bubbles sit on top. By making dry ice bubbles, it also
demonstrates that there are contents to a bubble, we just can’t see it when it’s plain
oxygen. It allows students to visualize how air and gasses have different densities,
just like liquids. By letting the bubbles float on top of the dense carbon gas, they can
recognize that, although they can’t see it always, gases are every-present. Would go
well with other density related demonstrations like 13 and 15. This is a fun
experiment, and appropriate for all ages.
Materials:
-dry ice
-water
-dishwashing soap**
-bubble mix with wand.
-medium sized ice bucket.
Protocol:
A.
-add a small amount of water to the dry ice in a medium size bucket
-allow the carbon dioxide and water vapor to pore out, until it settles calmly in the
bucket
-blow bubbles gently onto the gas/vapor.
B.
-one can inhale some of the vapor into their mouth and blow a bubble with it.
-this bubble will be opaque, but sink relatively fast.
-one could also add dishwashing detergent to the water before adding it to the dry
ice
-this will produce bubble full of the carbon dioxide and water vapor.
Time:
15 minutes

19.

19.
Dry Ice Balloons - hands on/experiment

Outline of the experiment:
Students will watch what happens to a balloon when a
piece of dry ice is placed inside of it. Kids can experiment with different sizes of
balloons and amounts of dry ice, along with the addition of water to the balloon
beforehand.
Themes and good experiments to pair it with
: This activity demonstrates phase
changes (sublimation—solid to gas) and states of matter very well. It also does a
good job demonstration density, that solids are denser than gasses. A small amount
of solid carbon dioxide is enough to fill a balloon (and potentially pop it). Students
can test how much carbon dioxide is needed to pop a balloon, and using those
numbers decide how much more dense dry ice is than the carbon dioxide gas. This
will go well with the other density experiments like 13, 15, and 18. This will work
great with kids of all ages, with different explanations for each grade.
Materials:
-balloons
-water
-dry ice
-warm gloves
Protocol:
-weigh out different amounts of dry ice
-put them inside separate balloons (with or without water, to visualize the gas)
-tie off the end of the balloon
-watch as the balloons blowup without using your breath
-calculate how much carbon dioxide is needed to make a balloon pop
Time:
30 minutes, although it could go longer if they are excited.

20. 
Fire Hands - demonstration
Outline of the experiment:
Using a gas source (for example: methane), bubbles are
created in a tub of soapy water. Volunteers’ hands are drenched thoroughly in
water. They then pick up a handful of bubbles, hold it away from their face, and it is
lit on fire with a lighter. It will look like the hands are on fire, but they won’t get
burned due to water’s high heat capacity. The first burns off before any real heat can
be transferred. Lighted hands can light the hands of others in a “flaming high five.”
Themes and good experiments to pair it with
: This goes along with the idea of
what flame needs to exist (15,16). This would work well for a chemistry fun-night or
a harry potter-esque night (39). Because it involves kids handling fire, it may be best
to have this done by the older students only.
Materials:
-Methane
-dishwashing soap**
-water
-large beaker
-large bucket for water
-lighter
Protocol:
-fill a beaker with water, and add soap
-bubble methane gas through the soapy water to form a snake of bubbles
-soak hands thoroughly in the large bucket of water
-pick up the bubbles and hold them away from the body
-have a friend light the bubbles with a lighter
Time:
10 minutes

21.Fireworks – demonstration/experimental
Outline of the experiment:
In this colorful display, spray bottles containing copper
salts dissolved in isopropyl alcohol are sprayed over a torch and they will burn
different colors. This is how movie production sets (e.g., Harry Potter) create
colored frames, and this is the chemical basis for how fireworks work.
Themes and good experiments to pair it with
: The theme this goes with how
different chemicals have different properties, but they aren’t always obvious. There
are several ways to test what a chemical may be. This will go well with some of the
magic chemistry and harry potter-esque experiments (20,39). Going into why
different salts burn a different color is a very complicated idea, but kids can still try
different salts or ingredients they have lying around to test what color they may
burn. Lessons based around different chemical properties may be best suited for the
older students.
Materials:
-Spray bottles
-isopropanol
-open flame (candle or lighter)
-copper salts
-other salts of interest.
Protocol:
-mix isopropanol with the different copper salts
-light a candle or hold a lighter
-spray the bottle into the flame to witness different colored flames
Time:
15 minutes

22.Flying Tea Bags - demonstration
Outline of the experiment:
In this demonstration, tea bags are emptied and cut at
the top to let the leaves out. The bag stands up straight as a tube and is lit at the top.
As it burns down, the force of the hot air will be enough to lift off the small, light
amount of teabag left up into the air and it will fly.
Themes and good experiments to pair it with: 
This works with the themes of
density explored (13,16,18,19), because hot air is less dense, it floats to the top. This
also follows the NGSS stands talking about how forces move objects: cause and
effect. In this case, the force, is the cold air moving into the replace the hot air,
pushing it up. This demonstration is good for all age groups
Materials:
-teabag
-aluminum foil**
-lighter
-scissors
Protocol:
-remove the teabag from it’s packet
-cut off the top of the teabag, careful not to spill the contents
-pour the contents into a cup
-make a tube out of the teabag, and stand it up on tinfoil.
-light the top with a lighter and standback
-watch as the bottom part shoots off into the air.
Time:
15 minutes

23. 
Gummi Bear Torture Chamber – demonstration/
experimental
Outline of the experiment:
This activity should be done outdoors and behind a
blast shield. A test tube is placed in a ring stand and filled with a healthy amount of
potassium chromate. The chromate is melted by heating the tube with a torch. A
gummy bear is then added and a fantastic amount of sparks flies out!
Themes and good experiments to pair it with: 
The potassium chromate is
reactive with the sugars in the gummy bear. This is a good example of an exothermic
chemical reaction, and could be mixed without chemical reaction demonstrations
like 40 and 41. Because it is a demonstration, this would appropriate for most ages,
with different explanations for the different groups.
Materials:
-torch
-gummy bears
-potassium chromate
-glass test tubes
-ring stand
-gloves
-blast shield
Protocol:
-put potassium chromate into the glass test tube
-heat it with a torch until it melts thoroughly
-add a gummi bear
-watch the sparks that come out
-do different colored gummy bears spark different colors? What about other candy?
Time:
15 minutes

24.Magnesium Dry Ice - demonstration
Outline of the experiment:
A depression is burned into a block of dry ice using a
torch. Magnesium turnings are placed into the depression, and are lit on fire until a
bright white light appears. It is covered with another block of dry ice. The kids are
told to look away. When the light settles down, the products can be shown. There
will be white and black powders—the white is magnesium oxide, and the black is
pure carbon. This is an example of a chemical reaction taking place.
Themes and good experiments to pair it with: 
this goes with the theme of
chemical reactions, what causes them, and what it means. The students can measure
the magnesium before, and then the products after to see how much of the material
is conserved. This demonstration can be adapted and explained to all age groups.
Materials:
-blocks of dry ice
-magnesium blocks
-scale
-lighter
Protocol:
-carve a depression into a block of dry ice.
-weigh magnesium, and place onto the dry ice
-light until a fire is created
-place other block on top of flaming magnesium.
-wait until the reaction is finished
-collect all of the reactive species and weigh them
Time:
20 minutes

25. 
Genie in a Bottle – demonstration/hands on
Outline of the experiment:
The “genie” is a dramatic plume of smoke unleashed
from a container. It is actually oxygen from an exothermic reaction: the
decomposition of hydrogen peroxide facilitated by manganese dioxide. Hydrogen
peroxide isn’t a stable compound (light can degrade it, which is why it is sold in dark
bottles). The manganese dioxide provides a surface for the reaction to take place,
and acts as a catalyst.
Themes and good experiments to pair it with: 
This is a fun way to demonstrate a
chemical reaction. It will work well with other chemical reactions like 23 and 24.
The reaction will release heat as well, another result of a chemical reaction. This
would be fun to do with the harry potter night, or the chemistry night as this is used
for special effects. All ages can have fun with this demonstration, keeping in mind
that hydrogen peroxide can be corrosive, although the gas created is safe (although
smelly).
Materials:
-old, cool looking bottle with a cork (maybe a black out alcohol bottle?)
-hydrogen peroxide (30%)
-manganese dioxide.
-graduated cylinder
-toilet paper
-string
Protocol:
-add hydrogen peroxide (50ml or so) to the bottle.
-add the catalyst, manganese dioxide, in a teabag like container with a string
-hang it over the lip, and plug the cork.
-cut off the remaining string.
-when the cork is pulled, the manganese sulfate drops in, causing a chemical
reaction, and gas to be created.

Time:
25 minutes

26.Fire Jugs - demonstration
Outline of the experiment:
Using an old water jug (placed vertically), isopropyl
alcohol is spread out along the inside surface. The isopropanol will evaporate, filling
the jug with vapor. A lighter is stuck inside the jug until the fumes light, creating an
impressive display of fire which will work its way down the jug
Themes and good experiments to pair it with: 
This continues the theme of what
fire needs to exist. There needs to be fuel, the isopropanol vapor, a spark, the lighter,
and oxygen, which is present inside the jug. This reaction is fine for all ages, and can
be explained in different ways to the different age groups. It would work well with
other fire based experiments like 15,16, or 20.
Materials:
-Large, heavy plastic jug
-Isopropyl alcohol.
-lighter
-PPE
-parafilm
Protocol:
-Fill the large jug with 10ml of isopropanol
-put parafilm over the top
-shake the jug around, letting the isopropanol to evaporate.
-wait a couple minutes
-take off the parafilm, stick the lighter in, and start it.
-this can be repeated several times without adding more isopropanol.
Time:
10 minutes

27. CO
Fire Extinguisher
2
Outline of the demonstration: 
Produce carbon dioxide in a beaker either by
reacting baking soda with vinegar, or by just allowing dry ice to sublimate to
gaseous carbon dioxide. Since the carbon dioxide is heavier than oxygen, it will sit in
the beaker and not float away. The clear gas can then be poured out onto a candle
flame, extinguishing the flame.
Themes and good demonstrations to pair it with: This experiment demonstrates
several ideas. The first is that fire needs oxygen to burn—when we drown the flame
in carbon dioxide, it is extinguished because we cut off its oxygen supply. Use of dry
ice would also introduce the concept that different chemicals have different melting
and boiling points. This theme is built upon by demonstrations with liquid nitrogen,
o
o
which has a melting point of -210
C and a boiling point of -195.8
C. Last but not
least, the fact that the carbon dioxide stays in the beaker demonstrates the
properties of density; moreover, it demonstrates that different chemicals have
different properties and that not all “air” is exactly the same. This is a property also
well demonstrated with liquid nitrogen, especially when we use it to condense the
air within balloons to make them shrivel up.
Materials:
-One 250- or 500-mL beaker
-Dry Ice (or baking soda/vinegar)
-Several tealight candles**
-Matches or a lighter to light the candles
Protocol:
-allow dry ice to evaporate in the bottom of a beaker
-Light tealight candles, arrange them in a straight line
-tilt the beaker to pour the carbon dioxide gas over the flame to extinguish it
Time:
15 minutes
Example:
http://www.stevespanglerscience.com/lab/experiments/co2-extinguisher

28. The Cloud
Outline of the demonstration: 
Boiling water is poured into a bucket of liquid
nitrogen—the huge temperature difference causes much of the liquid nitrogen to
boil immediately, creating a plume of nitrogen gas several meters high. The hot
water must be poured quickly for the best effect, so it should be transferred to an
insulated bucket just prior to addition to the liquid nitrogen.
Themes and good demonstrations to pair it with: Liquid nitrogen is always a
great demonstration of how different chemicals and elements have different melting
o
and boiling points. Liquid nitrogen is kept around -200
C and becomes and gas as
o
soon as it warms to -195.8
C (which is pretty fast, considering room temperature is
o
~25
C!). This experiment would pair well with any other demonstration about
gasses. In addition, this experiment can be recorded in slow motion and the
students/demonstrators can discuss the dynamics and the movement of the gas.
Materials:
-5-gallon painters bucket
-electric tea kettle
-2 gallons of liquid nitrogen
-insulated (e.g. Styrofoam) bucket
Protocol:
-10 minutes prior to experiment, begin to boil water in the electric tea kettle
-Pour 2 gallons of liquid nitrogen into the 5-gallon bucket
-Quickly pour all of the boiling water into the liquid nitrogen (and step back!)
Time:
10 minutes

29. Nylon Fibers
Outline of the demonstration: Two immiscible solutions are slowly poured into a
beaker in a 1:1 ratio. Nylon, the polymer formed at the interface of the two
solutions, can be pulled out in a continuous strange from the beaker. The polymer
can then be briefly washed with water and is safe to handle.
Themes and good demonstrations to pair it with: 
While the specifics regarding
the chemical reaction at hand is too advanced for our target audience, the general
idea that chemicals can interact in interesting ways remains. When two chemicals
interact, the resulting chemical doesn’t have to be a strict mix between the chemical
properties of the original materials—in this case, reacting two liquids together
produced a solid substance! Another great demonstration of this point is the iodine
clock reaction (38), where two clear chemicals interact to produce a black solution.
Materials:
-One 100-mL beaker
-One 500-mL beaker of water
-1,6-hexanediamine solution (at least 20mL/reaction)
-Sebacoyl chloride solution (at least 20mL/reaction)
-forceps
-a glass stir rod
-scissors
Protocol:
-Pour 25mL sebacoyl chloride solution into the 100-mL beaker
-Slowly pour 25mL 1,6-hexanediamine solution down the side of the 100-mL beaker
-use the forceps to pinch and pick up the nylon forming between the two layers
-wrap the nylon around the glass stir rod and twist it to pull more and more nylon
out of the beaker
-wash the nylon in the 500-mL beaker of water (you may wish to use scissors to cut
the nylon instead of going to the end of the reaction)
Time:
20 minutes
Example:
https://www.youtube.com/watch?v=NQpTQFGKRN8


30. Polyurethane Foam
Outline of the demonstration: In this demonstration, two chemicals (polyether
polyol and diisocynate) are combined in a beaker and mixed, reacting together to
produce a mushrooming foam polymer that is hard and safe to touch and play with.
It should be noted that the foam 
is unsafe to touch until 24 hours post-reaction—the
demonstrators would do this demonstration in a “Martha Stewart” fashion and
make foam a few days in advance for the students to play with after the in-person
reaction.
*Note: experiment should be done outside or in a well-ventilated area.
Themes and good demonstrations to pair it with: This demonstration, like the
nylon fibers reaction (29), demonstrates that the result of a reaction between two
chemicals can produce a substance very different in physical properties. Also like
the nylon fiber demonstration, this demonstration touches on polymers (a topic
whos discussion is reserved for the older classes). This reaction is also a great
demonstration of how chemical reactions can either absorb (endothermic) or
release (exothermic) energy in the form of heat.
Materials:
-polyether polyol
-diisocynate
-250-mL beaker
-glass stir rod
-50- or 100-mL beaker
Protocol:
-measure 20mL of polyether polyol into a 50- or 100-mL beaker
-measure 20mL of diisocynade into the 250-mL beaker
-pour the polyether polyol into the larger beaker
-stir contents until the reaction begins
-Allow the foam polymer to sit for at least 24 hours before playing with it
Time:
10 minutes

31. Ship Floating on Nothing
Outline of the demonstration: 
In this demonstration, sulfur hexafluoride gas is
“poured” into an empty fishbowl. Sulfur hexafluoride is much heavier than common
air, and will sit in the fishbowl without floating away. The gas is so dense, in fact,
that little boats constructed of aluminum foil will “sail” or “float” on the gas as if it
were a liquid. One can then use a cup to scoop sulfur hexafluoride into the boat,
eventually sinking it to the bottom of the fishbowl (see video linked below).
Students can construct a little boat out of aluminum foil and see how well their boat
floats. In addition, it’s also a lot of fun to blow bubbles over the fishbowl to see them
float on it.
Themes and good demonstrations to pair it with: 
Better than any other
demonstration, this one addresses the theme of density. Many would assume that all
invisible gasses possess similar qualities, or that they cannot be different enough to
behave in this manner, yet are amazed to see that a bowl of gas is denser that not
only air, but an aluminum foil boat, too! This demonstration pairs well with the CO
2
extinguisher demonstration (27); in fact, it can be poured over flames to extinguish
them in exactly the same way!
Materials:
-fish bowl
-sulfur hexafluoride gas
-aluminum foil**
-plastic cup**
Protocols:
-fill the fish bowl with sulfur hexafluoride
-float an aluminum bowl on the gas to demonstrate properties
-allow students to construct their own boat
Time: 
20 – 25 minutes
Example:
https://www.youtube.com/watch?v=GutiNPwzUA8


32. Plated Pennies
Outline of the demonstration: 
Pennies are coated with zinc dust in a basic solution
and heated on a hot plate, producing zinc-coated or “silver” pennies. These pennies
are then cooled in water and wiped dry with cloth before it is held in a flame. The
heat of the flame causes the copper in the original penny to bind to its new zinc coat,
producing an alloy with a gold-like shine. To make this an experiment, we can
repeat the process with coins that don’t have any copper in them to show that the
reaction doesn’t progress the same way—in this way, students would understand
that it’s the copper in the penny that is responsible for the change in appearance.
Students would then be able to take a penny home!
Themes and good demonstrations to pair it with: This demonstration depicts a
basic chemical reaction where the resulting product has different chemical
properties from either of the starting compounds (in this case, the physical
appearance is different).
Materials:
-pennies (lots of pennies, if students will take them home!)
-other coins as controls
-torch
-zinc dust (0.1g)
-glass dish
-hot plate
-tongs
-200-mL beaker
Protocol:
-0.1g zinc dust is added to 20mL 6M NaOH in a dish
-the solution is then heated on a hot plate. 
Do not boil!
-while the solution is heating, fill the 200-mL beaker with water
-once the solution is heated, place a penny in it. Heat the penny for two minutes.
-remove the penny from the solution with tongs and drop it into the water to cool
-once cool, remove the penny from the water and clean it with a cloth
-use the tongs to hold the penny in the torch until it turns “gold” (brass)
-place the penny back into the beaker of water to cool
-repeat protocol with another coin type
Time: 
~20 minutes
Example:
http://www.stevespanglerscience.com/lab/experiments/gold-pennies/


33. Mentos and Soda
Outline of the demonstration: 
This demonstration involved a violent chemical
reaction whereby the porous mentos candy provides a surface for the carbon
dioxide built up in the soda to collect. The bubbles form rapidly (and extra rapidly if
it’s diet soda!) due to the lower surface tension of soda, and the soda-fizz shoots out
the top of the 2L bottle! Additionally, one can punch a hole in the top of the soda
bottle with a wide nail to make the soda-fizz shoot up even higher into the air!
*Note: demonstration should be done outside.
Themes and good demonstrations to pair it with: This demonstration is a great
example of the effect of pressure, especially if doing the version with a hole punched
in the cap of the 2L bottle. Some demonstrations with similar concepts are the pasta
rocket demonstration (75), the cloud (28), and the egg in a jar (48) demonstrations.
It can also be used to explain the concept of nucleation events, such as the Hot Ice
Reaction (45).
Materials:
-unopened 2L diet coke bottles (as many as demonstrations there will be)
-several packs of mentos candy
-a hammer and a nail
Protocol:
-the efficacy of this demonstration depends on the carbonation of the soda—do not
open the bottle ahead of time!
-when you are ready to do the demo, unscrew the cap and quickly dump in a few
mentos
-stand back!
-for the demo with the hole-punched cap, try to screw the cap on quickly before the
reaction begins
Time: 
~15 minutes
Example:
https://www.youtube.com/watch?v=ZwyMcV9emmc


34. Voltaic Cells: All About Batteries
Outline of the demonstration: 
Batteries are made up of one or more voltaic cells,
which power batteries through chemical reactions, specifically redox
(reduction-oxidation) reactions that involved the transfer of electrons from one
source to another. In this demonstration, we create a setup where a battery is
hooked up to a lightbulb in a socket with a break in one of the circuits where both
ends go into a beaker of distilled water. Using this setup, we not only introduce the
basic ideas of electricity and closed circuits, but we also make it an experiment by
changing the chemical constitution of the water in the beaker. With water alone, the
lightbulb will be very dim (if it glows at all), but adding salt increases the
conductivity of the water and causes the lightbulb to glow brighter. In this fashion,
we can also address conductivity and do experiments where students can
hypothesize which vegetables or fruits will be the best conductors.
Themes and good demonstrations to pair it with: 
The main themes to discuss
here are the properties of electricity: what constitutes a closed circuit? What is a
conductor? What makes a good conductor? These are all questions that can be
answered with demonstrations, experiments, or both! Discussion of conductors can
lead into the introduction of pH and acidity.
Materials:
-potato and/or any citrus fruit
-battery
-lightbulb in socket
-three wires with alligator clips
-250-mL beaker of water
-two electrodes of the same material (e.g. copper)
-table salt, pepper, sugar, flour, or whatever you want to test the conductivity of
-two nails
Protocols:
-assemble the apparatus like Figure 2 in this link provided:
http://www.funsci.com/fun3_en/electro/electro.htm
-start off with the cathodes in the distilled water, then gradually add different
components to the water (salt, pepper, oil, sugar, flour, etc)
-to test conductivity of fruits/vegetable, poke a nail into either end of the produce
and attach the alligator clips to the nails
Time: 
~45 minutes
Example:
http://www.funsci.com/fun3_en/electro/electro.htm


35. Cabbage Chemistry

Outline of the experiment: This is a great experiment that introduces the concept
of pH and encourages student interaction. Red cabbage juice (from cabbages that
have been grated, boiled, and strained) is a pH indicator with a very wide range of
reaction. Demonstrators can set up several beakers with different known pH’s for
reference, and students can test the pH of unknown substances (either things we
bring with us, or things they find around the classroom or around the school
garden) and they can try to determine the pH using our known pH standards for
reference.
Themes and demonstrations to pair it with: 
The main theme here is that the pH
of something doesn’t necessarily have to be an extremely corrosive base or acid, but
that pH is a measurement along a continuous spectrum—chemicals and liquids can
have subtle variations in pH from normal (water). Another key aspect to this
experiment, however, is that it 
is an experiment! Students can test the pH different
substances and use the known standards to determine the pH!
Materials:
-7-10 250-mL beakers
-pre-made cabbage juice
-several 10-mL samples of known pH (e.g. for pH 3, 5, 7, 9)
-maybe some grapefruit juice, lemon juice, or pineapple juice to demonstrate acidity
of various drinks?
Protocol:
-ahead of time, a red cabbage head is grated, boiled, and strained to produce the pH
indicator
-in front of the students, the samples of varying pH are added to the cabbage juice to
demonstrate the effect of pH on the cabbage juice
-students are then allowed to test their own “samples” and challenged to determine
pH based off the known pH scale we established
Time: 
~20-30 minutes
Example:
http://images.flatworldknowledge.com/averillfwk/averillfwk-fig16_013.jpg

36. Using pH Strips
Outline of the demonstration: pH strips are a much more accurate way to
determine the pH of a solution. Students can be asked ahead of time to bring in a
small sample of any sort of liquid from home (e.g. any sort of juice or drink, windex
or some kind of cleaner, dishwater, perfume, or any liquid). They can each be given
disposable test tubes to bring the liquids to school in, and then we can test the pH
and arrange all of the solutions brought in in order of pH!
Themes and demonstrations to pair with it: This experiment helps drive home
the point that pH and acidity aren’t factors restricted to solutions in a test tube, but
that all solutions have pH and that acidity exists not as a present-or-absent variable,
but as a measurement along a continuous spectrum. This experiment would pair
very well with the Cabbage Chemistry experiment (35).
Materials:
-pH strips
-as many 10-mL falcon tubes as participating students
-as many pH strip guides as participating students
Protocols:
-Teach students how to test pH, how to read the pH strip
-Arrange substances in order of acidity
-Explain concept of acidity to students
Time: 
~15 minutes

37. Baking Soda Rocket
Outline of the experiment: This experiment dramatically demonstrates the
explosive potential of chemical reactions! Students can participate in constructing a
rocket constructed from plastic bottles and fueled with the most classic of chemical
reactions: baking soda and vinegar. Students would be split up into as many groups
as there are instructors, and the instructors will lead the students in assembling
bottle rockets with varying traits: some bottles may be differently shaped or sized,
others may have tail fins, others will have different amounts of fuel, etc. Students not
only learn how violent some reactions can be, they will also learn how their
modifications can affect how a rocket (or any airborne object) flies and be
introduced to a classic chemistry demonstration.
*Note: this must be done outside
Themes and demonstrations to pair it with: Two great demonstrations to pair
this with are The Cloud (28) and Mentos & Soda (33). All three of these
demonstrations not only depict the awesome power of chemical reactions, but also
are lead into to discussion about pressure, density, and force.
Materials:
-vinegar
-baking soda**
-saran wrap**
-balloon
-marker
-sharp object to poke a small hole in the balloon
-rubber band
-plastic bottle
-scissors
-cardstock
-duct tape
-PVC pipe or cardboard tube (wider than the bottle)
-tool to cut the PVC pipe/cardboard tube
-glue
-wooden base
Protocol:
-The rocket construction and activation is best described in the series of pictures
and short videos in this link:
http://www.wikihow.com/Make-a-Baking-Soda-and-Vinegar-Rocket
Time:
45 – 60 minutes

38. Iodine Clock and the Halloween Reaction
Outline of the experiment: This experiment is another incredible display of
chemical reactions that result in products with different chemical properties. This
time, however, the reaction introduces one more variable: kinetics. Two clear,
colorless solutions are combined in varying ratios in a glass. After a short pause
(5-10 seconds) the solution turns black and turbid! This would only be a brief,
superficial introduction to the term and the concept of kinetics, but it’s an idea easily
manipulated in the experiment when one varies the ratios of Solution A and Solution
B. The color of the solution can then be turn from black and clear and back and forth
as many times as desired.
Themes and demonstrations to pair it with: 
The main theme of this
demonstration is that reactions between two chemicals don’t necessarily result in a
compound that shares the physical properties of either reactant. Kinetics is a minor
theme to be stressed, despite its important role in the progression of the reaction.
One very important lesson here—a lesson demonstrated by the fact that the color
can be changed back and forth at will—is that chemical reactions are not always
unidirectional or irreversible, but rather can exist as a balance, the weight of which
can be shifted with the addition of chemicals.
Materials:
-500mL Solution A (20mM KIO
3)

-500mL Solution B (2g starch, 200mg Na
2S
2O
 5,2.5mL 1M H
2SO
 4)

-three pint-glasses
-two 100-mL graduated cylinders
-sodium metabisulfite
-potassium iodate
Protocol:
-Make Solution A ahead of time: 2.15g KIO
/ 500mL water
3
-Make Solution B ahead of time: add 2g starch to ~50mL water, slowly add 400mL
of boiling distilled water, boil for a few minutes, 
allow to cool
, then add 200mg
Na
S
O
,
add
2.5mL
1M
H
SO
.
22 4
2 4
-when it’s time to do the reaction, measure out the appropriate amounts of Solutions
A & B into different graduated cylinders
-pour the contents of the graduated cylinders into different 1-pint glasses, allow
students to observe the chemical properties
-pour one solution into the other, and pour back and forth 3 or 4 times, then allow
the glass to sit on the bench and make sure students are watching attentively—the
solution will change from clear to black in the blink of an eye!
-oscillate the solution between clear and black by adding small scoops of Na
2S
2O
 4 or
KIO
!
3
Time:
~25 minutes

39. Elephant Toothpaste
Outline of the demonstration: This demonstration exemplifies a highly-reactive
reaction where hydrogen peroxide and dish soap are combined in an Erlenmeyer
flask. Next, potassium iodide (KI) is added as a catalyst to speed up the
decomposition of H
2O
 2 (hydrogen peroxide) into H
2O
 (water) and diatomic oxygen
(O
2).
 The oxygen is released by the reaction but is trapped in the soap bubbles
formed from the addition of dish soap—as a result, a tower of foam erupts from the
flask.
Themes and other demonstrations to pair with it: This demonstration illustrates
not only chemical reactions, but also introduces the idea of decomposition—the fact
that some chemicals and compounds can break down to produce other familiar ones
(like hydrogen peroxide into water). This concept pairs well with demonstrations
about polymers, where we discuss how small molecules can link up to form larger
compounds with interesting properties (29, 30, 44).
Materials:
-30-35% hydrogen peroxide (very caustic, exercise caution with handing)
-dish soap
-potassium iodide (KI)
-1-Liter Erlenmeyer
-newspaper to cover the ground (for easier cleanup)**
-food coloring (optional)**
Protocol:
-combine hydrogen peroxide and dish soap in the Erlenmeyer flask
-drip some food coloring down the inside of the Erlenmeyer flask (these will make
stripes in the foam similar to the stripes in toothpaste)
-pour in the KI and back up!
Time:
15 mintues
Example:
https://www.youtube.com/watch?v=p1eG2y2mn54


40. GAK
Outline of the experiment: Gak is a great, hands-on introduction to chemical
reactions and polymer chemistry. The students will be involved in making their own
form of silly putty (“gak”) that they will be allowed to play with and, if the teachers
allow it, take home. In addition, metal fillings can be added to the gak to make
magnetic slime, the movement of which can be controlled with a strong magnet.
Themes and demonstrations to pair it with: The main theme of this
demonstration is polymer chemistry. Great experiments to pair this with that build
on polymer chemistry are the Nylon Fibers (29) demonstration and the
Polyurethane Foam (30) demonstration—all three depict chemical reactions
between two compounds that polymerize together to great new compounds. The
introduction of metal fillings and magnets would also introduce the concepts of
adhesion, cohesion, and magnetism.
Materials:
-Elmers Glue-All**
-Borax (a powdered soap)
-Large mixing bowl
-Plastic cups (8oz)**
-Spoon
-Measuring cup
-Food coloring**
-water
-paper towels (cleanup)**
-ziploc bags**
Protocol:
-Empty an entire 8-oz bottle of Elmer’s Glue into a mixing bowl. Fill the empty bottle
with warm water, shake, empty into the bowl.
-Add food coloring of choice
-Add 0.5 cups (119mL) of warm water to a plastic cup and stir in a teaspoon (5mL)
of borax
-Add the borax solution to the mixing bowl while stirring with a spoon
-stir with hands instead of spoon now to mix it all up
-put some in the Ziploc bag to take home!
Time:
~20-30 minutes
Example:
http://www.stevespanglerscience.com/lab/experiments/glue-borax-gak


41. Fire Tornado
Outline of the demonstration: Students will observe while demonstrators create a
mini tornado out of fire. We typically only consider tornados to consist of air, but
this one made of fire! The demonstration can be scaled up or down, but larger
versions should be done outside. In this demonstration, a fire is made on a rotating
surface—the rotation confers angular momentum on the molecules involved, while
the heat of the molecules cause them to rise, producing a tornado.
Themes and demonstrations to pair it with: This demonstration touches on air
movement and the idea of momentum, inertia, and currents. On the topic of
currents, this demonstration pairs well with Water Fireworks: Density
demonstration (60).
Materials:
-lazy susan (rotating tray)
-metal screen (size depends on size of lazy susan)
-wire or staples
-glass or metal dish
-pieces of sponge
-lighter fluid
-fire extinguisher
Protocol:
-Roll the metal screen into a cylinder roughly the diameter of the lazy susan and
fasten it in the cylinder shape with staples or wire. Secure the new cage around the
lazy susan such that the lazy susan can still spin without the cage falling over
-Place the glass or metal dish in the middle of the lazy susan, ideally on a small
square of fire-resistant material
-Cut up sponge into small squares and place them in the dish
-Soak the pieces in lighter fluid
-Light fire, but leave safety cage off for now
-Gently spin tray and notice no tornado is formed
-Add the cage, and watch the tornado form!
-Extinguish fire
Time:
15-20 minutes
Example:
https://www.youtube.com/watch?v=A2KaJkacR80


42. Color Changing Milk
Outline of the experiment: 
This is a demonstration that students are encouraged
to participate it! Students each prepare a plate with enough whole milk to cover the
bottom, add drops of food coloring, then touch a q-tip of dish detergent to the soap
to water the colors race around!
Themes and demonstrations to pair it with: 
The central premise is that there are
two types of groups that molecules can be made up of: polar (hydrophilic, or
water-loving) and non-polar (hydrophobic, or water-fearing)—molecules can be
polar, non-polar, or a combination of polar and non-polar parts. Molecules that are
only polar or non-polar do not mix (this is why water and oil, respectively, do not
mix). Milk is a heterogeneous solution of both polar and non-polar molecules, and
all the non-polar molecules (the fat in the milk) are clumped together. Adding
detergent, a molecule with both polar and non-polar regions, causes all of these
molecules to interact with each other; these interactions are visualized with the
addition of food coloring to show disturbances in the milk.
Materials:
-milk (whole or 2%)**
-dinner plate (or any disposable plate that will hold liquid)**
-food coloring**
-dish soap**
-cotton swabs (q-tips)**
Protocol:
-pour milk into the dish such that it’s ~1/4 inch deep
-add drops of food coloring here and there, try to keep the drops close together in
the middle of the plate
-do a control run: touch the clean cotton swab to the milk and don’t disturb it by
mixing
-now dip the other end of the q-tip into dish soap and touch it to the milk
Time:
~10 minutes
Example:
https://www.youtube.com/watch?v=rqQSlEViNpk


43. Vanishing Styrofoam
Outline of the demonstration: This is a quick, hands on demonstration where
students can partake in the dissolving of Styrofoam packing peanuts. Styrofoam is
mostly air held in place by polystyrene polymers, hence why it makes such great
packing material to keep objects safe! Quite simply, placing the packing peanuts in
acetone dissolves the Styrofoam, reducing it to just a little bit of residue.
Themes and demonstrations to pair it with: This demonstration pairs excellently
with other examples of polymer chemistry (29, 30, 40) but also is another
demonstration of how we can break down compounds too! In this regard, it is
conceptually related to the Elephant Toothpaste reaction (39; which also involves
chemical breakdown). In addition, this demonstration is a great way to initiate
discussion about being environmentally conscious. To compare, instructors can try
to bring in starch-based packing peanuts to demonstrate how they are
decomposable and therefore more environmentally friendly.
Materials:
-styrofoam (in any form: cups, plates, packing peanuts, etc)
-250-mL beaker
-acetone
Protocol:
-pour acetone into the beaker
-add styrofoam, watch it dissolve!
Time:
10 minutes

44. Alginate Gummies
Outline of the demonstration: Alginate is a polysaccharide—a type of polymer
consisting of repeating sugar molecules (polysaccharide means literally “many”
“sugar”)—that is present in many common foods. Alginate is mixed with food
coloring to produce different color solutions, and is then skillfully transferred to a
new solution of CaCl
2 (calcium chloride). Alginate sugars are typically accompanied
by sodium ions, which can only interact with one molecule at a time—calcium,
however, can interact with two molecules at a time. As a result, as the alginate is
added into the calcium solution, the calcium acts as a linkage between neighboring
alginate polymers, formed gel-like tubes that look like gummy worms!
Themes and demonstrations to pair it with: Any demonstration about polymer
chemistry (29, 30, 40) would complement this demonstration excellently. In
addition, this demonstration introduces the student to food chemistry as alginate is
commonly used as a thickening in foods like ice cream and gummy snacks. This is an
important and very profound connection to make: that chemistry does not exist
solely in a test tube but is, in fact, present in nearly every aspect of our lives and
day-to-day activities.
Materials:
-0.1% CaCl
2
-0.5% alginic acid
-food coloring**
-transfer pipettes
-15mL conical tubes
Protocol:
-Prepare CaCl
solution: 10g of CaCl
per 1L
2
2
-Prepare Alginate Solution: 5g of Na·Alginate in 1L of water. Boil water and add acid
slowly while stirring to prevent lumping
-Add 10mL of the Alginate solution to a 15-mL falcon tube and add food coloring of
choice
-Add 8mL of the CaCl
solution to a different 15-mL falcon tube
2
-Transfer 1-2mL of alginate solution to the CaCl
2 solution using a transfer
pipette—try to add it as a constant stream
Time:
15 mintues
Example:
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0CC
UQFjAB&url=http%3A%2F%2Fpolymer.matscieng.sunysb.edu%2Fforms%2FWorm
s.doc&ei=QR6XVbKZHtXsoATt0bmgAw&usg=AFQjCNE5PMRC5aK99kFNJeVNyK5rN
niheg

45. Hot Ice Reaction

Outline of the demonstration: 
In this reaction, a component of hand warmers is
replicated with sodium acetate—this molecule is boiled then cooled in an ice bath.
For now, the compound exists as a liquid…however, simply touching the liquid (or
dropping in a small crystal) will cause and impressive solidification. The change of
state is slow enough to watch and appreciate its progression, but fast enough that an
entire cup of the solution will solidify in 10-15 seconds!
Themes and demonstrations to pair it with: This demonstration is all about
nucleation events. As a result it pairs very well with the Mentos & Soda
demonstration (33). This reaction is also a great introduction to supersaturation,
which in itself is an advanced concept within the realm of density. The reaction is
also rather exothermic (produces heat) and the solid can reach temperatures of
o
o
~50
C (122
F)!
Material:
-sodium acetate (solid, anhydrous)
-hot plate
-One 500-mL beaker, three 250-mL beakers
-two glass tray/dishes
-temperature probes (optional)
Protocols:
-place a beaker on the hot plate with 400mL water
-heat to just below boiling, then added enough sodium acetate to saturate (~304g)
-once dissolved, decant the solution into the other three beakers, careful not to
disturb it too much (don’t want any premature crystallization)
o
-Allow beakers to cool to room temperature, then to 4
C in the fridge
-Pour the solution onto the dish/tray—if crystallization does not occur immediately,
tap the solution with your finger.
Time: 
15 minutes
Example:
https://www.youtube.com/watch?v=nvHrXr5Jajg


46. Sodium in Water
Outline of the demonstration: 
This is an excellent demonstration of chemical
reactions that integrates several other lessons explained with other demonstrations.
Pure sodium metal is an unstable, highly reactive alkali metal, and its interaction
with water exemplifies that. Sodium metal is placed in a beaker or dish of water—as
the sodium violently reacts with that water, it steams (hydrogen gas) and whizzes
around the water surface, ultimately bursting into flames! The demonstration is safe
so long as a respectful distance is kept (several feet) and can be done indoors (in
fact, turning the lights off makes it an even more impressive show!).
Themes and demonstrations to pair it with: This demonstration integrates
several lessons that are introduced or described in different demonstrations. The
first and most obvious theme is chemical reactions: chemicals can be either stable or
unstable depending on their atomic compositions, and when you bring an unstable
element in proximity to something it can react with the result can be emphatic! The
second topic, iterated in other demonstrations less ephemerally, is that of density.
Because sodium is a metal, many would assume that it would sink in water;
3
3
however, sodium (0.97g/cm
) is actually less dense than water (1.00g/cm
), and as
a result it floats on top! Other demonstrations that would pair well on the topic of
density are Water Fireworks (60), Dry Ice: Floating Bubbles (18), and Ship Floating
on Nothing (31). The final topic is that of exothermic (heat producing) and
endothermic (heat consuming) reactions.
Material:
-sodium metal
-water
-500- or 1000-mL beaker
-tongs (to handle the sodium)
-dish soap
-safety glasses
Protocols:
-fill the beaker ~2/3rds the way with water
-squirt a little bit of dish soap in the water (the sodium metal is stored in a type of
oil that prevents decomposition/reaction with oxygen, so having the detergent in
the water helps separate the oil from the metal and allows the water to access the
metal for interaction).
-use tongs to place a piece of sodium metal in the water. The piece should be
3
roughly a cubic cm (1cm
)
-turn lights down for added effect!
Time: 
15 minutes
Example:
https://www.youtube.com/watch?v=ODf_sPexS2Q


47. “Ooblek”: A Non-Newtonian Fluid
Outline of the demonstration: Ooblek is a classic physics demonstration on
non-Newtonian fluids. It’s one of the easiest demonstrations we have, requiring only
a bowl, water, and corn starch. Students will learn hands on how to make ooblek,
then they will be amazed by its strange properties. Ooblek behaves as a viscous
liquid by default: when you pick it up, it will drain through your fingers. Yet, under
force, it behaves as a solid! Hitting it with your hand or a hammer will cause the
fluid to act as a solid, resisting the strike. Most impressively, if enough ooblek is
made to fill a small kiddy pool, students and teachers alike will be amazed by their
own ability to run across it without sinking; careful not to slow down, though, or
you’ll sink in!
Themes and demonstrations to pair it with: 
Despite being a special case, ooblek
is a great introduction to states of matter. On that topic, demonstrations that pair
well with this one are demonstrations like Shop Floating on Nothing (31) and CO
2
extinguisher (27). A very simple yet profound insight into the combination of these
demonstrations is that states of matter are not discrete categories—sometimes
gasses behave as liquids and sometimes liquids behave as solids. True, these cases
are in the minority and are thus not how we typically study states of matter, but it is
these kinds of peculiarities that are of the most interest to study and observe.
Material:
-corn starch
-water
-plastic Tupperware tray (ideally one that is wider than it is tall)
-hammer (optional)
Protocol:
-dissolve 3 – 4 cups of corn starch in 2 cups of water in the container
-mix well
-observe how the substance is a liquid under no pressure, then try hitting it with a
hammer
Time:
~20 minutes
Example:
https://www.youtube.com/watch?feature=endscreen&NR=1&v=qFMwqGucfvw

48. Egg in a jar
Outline of the demonstration: 
This demonstration explores concepts of pressure
by squeezing a hardboiled egg through the mouth of a bottle 
into
the bottle.
Variations of this activity are using water balloons instead of an egg. Students can
strategize methods of how to get the egg or balloon out of the jar.
Themes and good experiments to pair it with:
This demonstration exemplifies
the concept of pressure, specifically negative pressure. It pairs very well with
experiments involving liquid nitrogen (especially when liquid nitrogen is combined
with balloons; 15).
Materials:
-hardboiled eggs (peeled)
-large-mouthed bottle (less wide than the egg)
-matches or lighter
-strips of paper
-small birthday candles**
-scissors
Protocol:
-Use the scissors to cut paper into strips an inch wide and the width of a typical
sheet of paper
-Use match or lighter to light the strip of paper at one end and drop it into the bottle
-place the peeled hard-boiled egg on the mouth of the bottle
-watch as the oxygen is burned up, leaving only less-dense CO2. This creates
negative pressure that sucks the egg inside!
Time: 
~15 minutes
Reference:
http://www.stevespanglerscience.com/lab/experiments/egg-in-bottle

49. Physical Properties of Light: Colors of the rainbow –
demonstration / hands on
Outline of the experiment:
The visible spectrum is only a very small portion of
light. This activity replicates Isaac Newton’s famous experiment performed over
three hundred years ago. He used a prism to disperse light into the colors of the
th
rainbow. In the 19
century, astronomer William Herschel discovered that there is
light that the light cannot detect, and that colors have more heat than others. A
thermometer will be placed along the spectrum of light from a prism and
temperatures will be recorded as a way to demonstrate this concept. Temperatures
will increase from blue to infrared light.
Themes and good experiments to pair it with: 
Importantly, this demonstration
and experiment will teach students that there is light that we cannot see with our
eyes, known as infrared light (heat). This will pair really well with the “How to light
a match without a fire?” demonstration (72). It is best to start this experiment and
then follow up at the end of the lesson to see if any changes happened to the
temperatures. This is also a good chance for students to learn about simple data
collection.
Materials:
A good quality large equilateral glass prism
Nine sensitive thermometers (need to blacken the bulbs first)
Masking tape and flat black paint
A light source in a relatively cool place (such as a window)
Protocol:
Set prism somewhere within the path of light. Aim to get a nice, thick band of
colors. Explain that a prism is special because it takes white light and splits it up into
a rainbow of colors.
Place an individual thermometer’s “bulb” within a colored band.
Place another thermometer just before the red color band.
Place a last thermometer after the violet color band.
Record initial temperatures of each. Wait a period of time.
If this works, you will notice that the highest temperature is actually just below
the red band. Infrared light is heat!
Time:
Need to test this one out to know for sure! Perhaps 20 minutes. Will update.
References:
http://www.australianscience.com.au/space/a-secret-code-to-the-cosmos-is-hidde
n-in-the-light/
http://www.ipac.caltech.edu/outreach/Edu/Herschel/backyard.html

50. Bicycle Wheel Gyroscope: the anti-gravity wheel? –
demonstration
Outline of the experiment:
A bicycle wheel is suspended from a rope and spun by
hand. The wheel’s axle is placed horizontally and the wheel seemingly defies gravity
as it spins unsupported. This gyroscope achieves this allusion because the torque
created by the spinning wheel counteracts the torque due to gravity. Gyroscopes
have been used historically to stabilize spacecraft and/or used in guidance systems
on missiles and ships.
Themes and good experiments to pair it with: 
This demonstration illustrates the
conservation of angular momentum and torque. When paired with a rotating
platform or spinning chair, the individual holding the bicycle wheel gyroscope
begins to turn in the opposite direction as the bicycle wheel. In general, this
demonstrates unseen forces and interactions. This demonstration would pair well
with Ball on a Pendulum (51), Water in a Pail (52), “Can you spin like an ice skater?”
(53), Newton’s Cradle (54), CO
Rocket (55), Domino Chain Reaction (70), and
2
Hammer and Feather Experiment (71) to explain the other unseen forces and
universal laws: inertia, centripetal force, potential energy, kinetic energy,
conservation of momentum, etc.
Materials:
bicycle wheel
rotation platform and/or spinning desk chair
rope
Protocol:
A bicycle wheel is suspended by a rope on one axis, held at arm’s length or
suspended on a frame.
On the second axis, a person spins the wheel and sets it on the side.
Seemingly like magic, the wheel will be suspended in air as it rotates.
Alternatively, a grad student (and/or volunteer Madera student!) can sit on a
spinning chair or rotating platform and hold the spinning wheel to the right or to the
left. He or she will begin turning in a direction opposite to the spinning wheel.
Introduce concepts of angular momentum and torque.
Time:
10 minutes

51. Ball on a Pendulum – demonstration
Outline of the experiment:
A large ball (~50 kg) is suspended on a rope from a
height of ~5 meters (such as from the rafters of the auditorium). The ball is released
from the chin of a volunteer, and will swing and is unable return to the same height
(thankfully not hitting his/her face). The time it takes for a ball to swing back and
forth depends on the length of the pendulum and not the mass of the ball. Another
concept to be discussed with this demo is the change of energy from potential to
kinetic and the conservation of energy. The ball can’t return to hit the volunteer
because the total energy has to be the same—the ball starts with a certain amount of
potential energy that is converted to kinetic energy; when it returns, the kinetic
energy of the ball must be zero and stop moving as it gains in potential energy. The
important thing to remember is not pushing the ball, only letting it go.
Themes and good experiments to pair it with: 
Themes of conservation of
momentum and conversion of potential energy to kinetic energy is the central
lesson to be learned, tying into the general concept of unseen forces and universal
laws governing the natural world around us. This will go hand-in-hand with the
other “unseen forces” demonstrations, namely Bicycle Wheel Gyroscope (50), Water
in a Pail (52), “Can you spin like an ice skater?” (53), Newton’s Cradle 54), CO
2
Rocket (55), Domino Chain Reaction (70), and Hammer and Feather Experiment
(71).
Materials:
50 kg weight (think bowling ball)
Rope
We would love to have some Dad’s Club help with constructing this demonstration!
Protocol:
A volunteer (victim?) stands on one side of the room as another lifts the
suspended 50 kg weight at the volunteer’s chin level. The weight is gaining potential
energy.
The weight is released from the chin. At this point, the weight will decrease in
potential energy while increasing in kinetic energy.
The weight loses kinetic energy and gains in potential energy as it reaches the
other side of the room.
Next, the weight will return, but thankfully 
not to the same height of the
volunteer
, thankfully sparing his life due to energy conservation.
Time:
10 minutes

52. Water in a Pail – demonstration
Outline of the experiment:
A bucket of water is spun in a vertical circle and the
water stays in the bucket. How is this possible? This is an example of circular
motion, better known as centripetal force. Inertia causes the water to stay in the
bucket. The water would like to fly from the circle of motion, but the bucket is
preventing it from leaving. This is analogous to going through a loop in a
rollercoaster, or feeling squished against a car door going around a corner. We
recommend that this demonstration be done in an area with a lot of open space.
Themes and good experiments to pair it with: 
Themes of inertia (Newton’s first
law of motion) are key to this demonstration, tying into the general concept of
unseen forces and universal laws governing the natural world around us. This will
go hand-in-hand with the other “unseen forces” demonstrations, namely Bicycle
Wheel Gyroscope (50), Ball on a Pendulum (51), “Can you spin like an ice skater?”
53), Newton’s Cradle (54), CO
Rocket (55), Domino Chain Reaction (70), and
2
Hammer and Feather Experiment (71).
Materials:
A painter’s bucket
Water
Protocol:
- A grad student volunteer fills a painter’s bucket ¼ the way with water, and swings
it above his or her head in a circular pattern.
Time:
5 minutes

53. Inertia: Can you spin like an ice skater? – demonstration/
hands on
Outline of the experiment:
A volunteer stands on a spinning table, holding hand
weights stretched out at full arm’s length. The volunteer spins, and then pulls in the
hand weights. What happens? He or she spins faster! This demonstrates the
conversion of angular momentum that states that big things (volunteer with arms
stretched out) rotate slower than small things (volunteer with arms in). The
spinning table also demonstrates inertia principles.
Themes and good experiments to pair it with: 
Themes of inertia (Newton’s first
law of motion) are key to this demonstration, tying into the general concept of
unseen forces and universal laws governing the natural world around us. This will
go hand-in-hand with the other “unseen forces” demonstrations, namely Bicycle
Wheel Gyroscope (50), Ball on a Pendulum (51), Water in a Pail (52), Newton’s
Cradle (54), CO
Rocket (55), Domino Chain Reaction (70), and Hammer and Feather
2
Experiment (71).
Materials:
Rotating platform / spinning table
Hand weights
Protocol:
Ask a volunteer to stand on the spinning table, holding the hand weights. Ask
volunteer to spin on the table with hands outstretched.
Next, ask the volunteer to bring his or her hands in. What happens? He or she
spins faster!
Explain inertia and that an object at rest stays at rest. When the person pushes
off to gain more inertia, they will move. If something has a lot of inertia (hands
outstretched) it is hard to move compared to something with less inertia (hands in).
Time:
10 minutes

54. Newton’s Cradle – demonstrations / hands on
Outline of the experiment:
This is a classic demonstration of the conservation of
momentum. As one ball falls from one side and hits the other four, another ball of
equal mass flies off from the opposite end. When two are dropped, two fall off from
the other end. The question is why? It is because of the law of conservation of
momentum. Collisions between the balls conserve the momentum carried by the
falling ball, and the ball of equal mass on the other side will carry the momentum in
the same direction as the initial ball.
Themes and good experiments to pair it with: 
The central theme here is the
conservation of momentum, in which the collisions between the balls conserve the
momentum given by the falling ball. This will go hand-in-hand with the other
“unseen forces” demonstrations, namely Bicycle Wheel Gyroscope (50), Ball on a
Pendulum (51), Water in a Pail (52), “Can you spin like an ice skater?” (53), CO
2
Rocket (55), Domino Chain Reaction (70), and Hammer and Feather Experiment
(71). Students can make predictions on what will happen, and play with the cradle.
Materials:
- A Newton’s Cradle
Protocol:
Pick one ball up from one end of the cradle and drop. What happens?
Repeat with two balls.
Have student volunteers try.
Use as a lead in to discuss conservation of momentum.
Time:
10 minutes

55. CO
Rocket – demonstration
2
Outline of the experiment:
A fire extinguisher is used as a “rocket” to propel a grad
student volunteer on a spinning table, demonstrating Newton’s third law: for every
action, there is an equal and opposite reaction. Another version of this activity is
using a chair/some other roller instead of a spinning table.
Themes and good experiments to pair it with: 
The central theme here is the
conservation of momentum, in which the collisions between the balls conserve the
momentum given by the falling ball. This will go hand-in-hand with the other
“unseen forces” demonstrations, namely Bicycle Wheel Gyroscope (50), Ball on a
Pendulum (51), Water in a Pail 52), “Can you spin like an ice skater?” (53), Newton’s
Cradle (54), Domino Chain Reaction (70), and Hammer and Feather Experiment
(71).
Materials:
A small fire extinguisher
Spinning table and/or desk chair and/or wagon
Protocol:
A grad student volunteer stands on the spinning table (or sits on a desk chair).
The fire extinguisher nozzle is compressed, and the pressure propels the
volunteer in the opposite direction of the exhaust
Time:
5 minutes

56. Beaker and Cloth – demonstration
Outline of the experiment:
A glass beaker of water is placed on a polyester
tablecloth on top of a table. A grad student volunteer quickly pulls out the tablecloth
from underneath it, and the beaker of water stays. What is the reason?
Themes and good experiments to pair it with: 
Central theme: Newton’s first law
of motion. It states that an object at rest tends to stay at rest unless acted upon by an
unbalanced force (inertia). The heavier the object, the more inertia it has. The
inertia of the heavy glass beaker will keep it in place. This trick can also be done
with glasses and plates, provided the tablecloth is pulled fast enough. This will go
hand-in-hand with the other “unseen forces” demonstrations, namely Bicycle Wheel
Gyroscope (50), Ball on a Pendulum (51), Water in a Pail (52), “Can you spin like an
ice skater?” (53), Newton’s Cradle (54), Domino Chain Reaction (70), and Hammer
and Feather Experiment (71).
Materials:
Tablecloth made of slippery material, such as rayon or polyester.
Really expensive antique glassware from your mother’s cabinet
Just kidding, we’ll use one of our large beakers filled with water.
Protocol:
Set the table with the tablecloth.
Place large beaker of water on top.
Have a grad student volunteer quickly whip out the tablecloth from underneath,
and watch as the beaker remains on the table.
Time:
5 minutes

57. Vortex Cannon – hands on
Outline of the experiment:
Boxes of varying sizes with holes cut out of the center
are filled with fog from a fog machine. When the sides of the box are slapped, a flat
vortex of air is generated. This is because the air exiting the box at the center of the
hole is traveling faster than the air exiting around the edge of the hole. Vortexes can
knock down stacks of cups a few feet away, which makes for a fun contest. Students
can test different variables to see what creates the best vortex.
Themes and good experiments to pair it with: 
This is hands-on activity
demonstrates air pressure, and is ultimately a framework for design and testing
different variables while enabling ridiculous fun.
Materials:
Fog machine
Cardboard boxes
A tool to cut holes with (grad student volunteer only)
Tape to seal box**
Stack of cups**
Protocol:
A box is chosen and closed up (sealed with tape).
A circle is drawn, and cut out. Can choose alternate sizes of holes to cut in
relation to box size to find the golden ratio of box size to hole size for the best
vortex. Or, a different shape altogether.
A fog machine is used to fill the interior with fog.
The sides of the box are slapped, expelling the fog inside into a whirl of smoke
(this is the vortex). It is best visible against a dark background
One team can design and build their vortex cannon, and compete against
another to see who can topple down a stack of cups.
Other variables can be tested—distance of cups, size/shape of holes, etc.
Time:
15 minutes for already constructed boxes, 30 minutes to an hour for box design and
play.

58. Camera Obscura: Pinhole Cameras – hands on

Outline of the experiment: 
Pinhole cameras are made from a small box or
cylindrical container, wax paper, foil, and tape. A small hole is made in the bottom of
the container. In a well-lit environment (such as a sunny day outdoors), an image
can be seen upside down on the screen. The pinhole acts like a lens and diffracts
light as it passes through; only a small amount of light traveling in a certain
direction can go through the hole and that is what appears on the screen. This can
also be used as a tool to discuss how the retina works in a human eye.
Themes and good experiments to pair it with: 
This hands-on activity would work
well with the sensations (11) module, as it ties in physics concepts with how the eye
works. Alternatively, this can pair well with other activities that examine the
properties of light: Colors of the Rainbow (49), and Refraction Indices (65).
Materials:
Pringle’s can**
Wax paper**
Small nail or thumbtack to make a hole
Aluminum foil**
Duct tape**
Knife or scissors
Bright light source (example: the sun)
Protocol:
Take off lid of Pringle’s can. This lid will act as a screen.
Going about two inches from the bottom, draw a line all around the can.
A grad student volunteer will cut the tube at this line so that the can is now in
two pieces. With a thumb tack, make a hole in the center of the metal.
If lid is clear, wax paper will need to be applied. Place lid on top of the shorter
piece of tube. Put the longer piece on top and tape it all together.
To keep light out of the tube, use a piece of aluminum foil to warp around the
tube twice.
On a sunny day, look around through the tube opening (pointing the metal hole
towards an object). You should see an upside down image!
Time:
Previously constructed?: 20 minutes
Reference:
https://www.exploratorium.edu/science_explorer/pringles_pinhole.html

59. Spandex Gravity: Gravity Visualized – demonstration and
hands on
Outline of the experiment:
The following demonstration is arguably the best way
to teach the concept of gravity, as taught and popularized by Dan Burns (see also the
YouTube video link: https://www.youtube.com/watch?v=MTY1Kje0yLg).
Essentially, a wide piece of stretchy spandex is pulled across a circular frame (being
the “fabric of space time”). A large mass is placed at the center, and marbles
representing planets/other space bodies are dropped. They rotate about the heavy
mass. Overall this is a great lead-in to discuss gravity and the universe at large.
Themes and good experiments to pair it with: 
This is an excellent way to
illustrate gravity as an “unseen force” that guides the universe at large. Students will
have fun as they test out their ideas using marbles and spheres as a model for
planets.
Materials: 
Construction is required! We hope to get Dad’s Club help!
- 7 36” by 1.25” PVC pipes
- 14 PVC T-connectors
- 14 34” by 0.75” PVC electrical conduit
- 28 0.75” to 1.25” connector (PVC-1 D2466 IPS 1 x ½)
- ~100” x 100” piece Lycra spandex
- 2 kg mass
- 2 large metal spheres
- Marbles
- Pole
Source: http://prettygoodphysics.wikispaces.com/PGP-Modern+Physics
Protocol 
(see above link)
:

- Stretch a sheet of Lycra over a drum-shaped PVC framework and electrical conduit.
- Place a 2 kg mass in the middle and roll down some marbles to illustrate orbits.
- Try placing 2 large metal spheres and watch as they slowly attract each other.
- Place a large marble rolling with a smaller one, and the smaller one will “orbit” the larger
one—just like the moon and the Earth (and other celestial bodies!).
- Throw a handful of marbles going one way and a slightly larger handful going in the
opposite direction. They will collide and fall in, leaving most of the “survivors” going in
the same direction (analogous to the formation of the solar system).
- Attempt to get a marble to do a figure-eight formation around two large metal spheres.
- Have a pole stick up from the bottom of the spandex, representing a force of repulsion
known as “dark energy.”
- Have the kids try any and all of the above as they learn about how gravity and the
universe.
Time:
30 minutes

60. Water Fireworks: Density – demonstration / hands on
Outline of the experiment:
Oil is thoroughly mixed with drops of food coloring,
and poured on top of water. The food coloring will slowly sink in the glass, each
drop expanding as it falls, resembling a fireworks display in water. Why is this?
Themes and good experiments to pair it with: 
Food coloring dissolves in water,
but not oil. Oil is less dense than water, so it will float toward the surface. As the
colored drops sink to the bottom of the glass, they mix with water and the coloring
diffuses out. The central themes are diffusion and density of liquids. Comparing how
dye diffuses in hot vs cold water can also illustrate diffusion and how temperature
influences movements on a molecular scale.
Materials:
Food coloring of different colors**
Eye droppers (one per color)
Vegetable oil
Clear tank that can fit on a hot plate or large clear glasses for each group of
students
Disposable cups**
Hot plate
Water
Protocol:
Have one cup ready per color. Add some oil to each.
Dissolve some of each food coloring dye in oil of each individual cup.
Taking one eye dropper, take up some of the dye in oil and drop into the water.
Watch as the dye escapes from the oil and dissolves/diffuses outward, resembling
fireworks.
Heat up the water and place in another tank/glass and repeat. Any differences?
Time:
15 minutes

61. Colored Ice in Water: Diffusion – demonstration
Outline of the experiment:
Colored ice is made the night before using food
coloring in water. Two glasses are filled with water: one glass with pre-chilled
water, and another glass with room temperature or lukewarm water. A colored ice
cube of the same color is dropped in both glasses at the same time. What happens?
Themes and good experiments to pair it with: 
This demonstration illustrates the
concept of diffusion (molecular movement) as it is affected by temperature. Hotter
temperatures make molecules move around faster than cooler temperatures, which
is why the food coloring diffuses slower in cold water versus hot water. The purpose
of the dye is to help us visualize the molecular movement. This demonstration
would pair well with Water Fireworks (60). While both activities show diffusion,
Colored Ice in Water introduces the factor of temperature. When wanting to teach
molecular movements in general, incorporating LN
Break Stuff (13) is another fun
2
way to show it.
Materials:
-Ice tray**
-Food coloring**
-Water: warm and pre-chilled
-Two see-through glasses.
Protocol:
Obtain previously chilled water and colored ice cubes.
Fill one glass with room temperature or lukewarm water, and the other with
pre-chilled water.
Ask the students what they think will happen.
Add a colored ice cube to both glasses and see what happens.
Explain diffusion and how molecules move around.
Time:
10 minutes.

62. Chladni Plate and Resonance – demonstration
Outline of the experiment:
This demonstration is known as the Chladni plate
experiment. Many variations exist. In one example, a frequence generator, amplifier,
and metal plate are used. Sand or salt is added to the plate and tones begin to play.
Certain frequencies vibrate the plate in such a way as it creates no vibration in
certain areas, causing the sand or salt to “fall” in these areas, creating unique and
beautiful patterns. As the frequency increases in pitch, the patterns become more
complex. In the classical experiment, a violin bow was used to induce vibrations.
Themes and good experiments to pair it with: 
This impressive demonstration
illustrates wave patterns caused by vibrations, as well as wave phenomena like
constructive and destructive interference (though, we will likely not introduce that
aspect of wave behavior as these are young students). This can help make the
connection for students that sounds propagate as waves, caused by vibrations. This
can be tied into how the ears pick up sound (see Sensations, 11). It would be fun to
have students suggest and try out different sources of sounds and see the patterns,
and also try to change the amplitude/frequencies and/or different solids (salt vs.
grains). Standing waves can also be visualized with ooblek! See #47. Ooblek is
placed on plastic wrap stretching over a speaker, and tones are generated.
Materials:
Some construction required! Hope to get Dad’s Club help. Need a setup akin to these:
http://www.pasco.com/prodCatalog/WA/WA-9607_chladni-plates-kit/index.cfm
http://www.instructables.com/id/Mechanical-Wave-Driver-for-Chladni-Plate/?ALLST
EPS
-

Salt or small grains (like rice)**
Square metal plate
Nut and bolt secured to plate
Traditional experiment: violin bow to induce vibrations
Other: old speakers with coil intact
Frequency generator and amplifier (example: an old 30W amp)

Protocol:
Spread rice or salt on plate.
Produce a tone and play around with the frequency/amplitudes to get a pattern.
Frequencies between 800 – 2000 Hz are ideal for salt
Time:
15 – 20 minutes

63. Bed of Nails– demonstration
Outline of the experiment:
A famous circus trick done by performers is laying on a
bed of nails, unharmed. How is this possible? A small version of this is recreated
with a board containing nails. When a balloon is pressed down against it, it doesn’t
pop—and it can be pressed down quite far before it does. Yet, an individual nail is
able to puncture a balloon. This activity demonstrates the idea of pressure points.
When the force is evenly distributed, no harm comes to the balloon (or, human
performer!).
Themes and good experiments to pair it with: 
The central theme of this
demonstration is force over area. In other words, “pressure.” When force given by
your hand on the balloon is concentrated on a single point, it will pop more easily
compared to when the same force is applied on multiple points. This demonstration
will pair well with the others related to pressure: Egg in a Jar (48), Air Pressure Can
Crusher (64), and Balloon Skewer (66).
Materials:
Previously constructed bed of nails.
Balloons.
Protocol:
Have a volunteer blow up a balloon.
Ask audience if they think the balloon will pop on the bed of nails. Demonstrate
that the balloon won’t pop.
Repeat with the side containing the single nail.
Can swap the middle steps (but would need two balloons filled!)
Ask the audience why they think the balloon didn’t pop on the bed of nails.
Explain force over area as pressure.
Time:
5 minutes.

64. Air Pressure Can Crusher – demonstration
Outline of the experiment:
Soda cans can be crushed by using air pressure. Water
is boiled in the can and then the mouth is plunged into cold water—the can
implodes. The water vapor produced pushes the air originally in the can outward,
crushing it. The water vapor condenses and turns back into water.
Themes and good experiments to pair it with: 
The central theme is air pressure.
The can was originally filled with water and air. Upon heating, a phase change
occurs in which the water becomes vapor. The vapor quickly occupies all the space
inside the can (water in liquid form is very compact!). Upon entry into cold water,
the vapor immediately condenses back into water, and the pressure of the air
outside of the can exerts a greater pushing force relative to the inside of the can,
crushing it. This demonstration can be paired with the other general pressure
themed experiments: Bed of Nails (63), Balloon Skewer (66), the Solar Bag
Experiment (67), and the Bernoulli Bag (68).
Materials:
Empty soda cans**
Hot plate
Cooking tongs**
Gloves
Bowl
Cold water
Protocol:
Rinse out the soda cans to be crushed.
Fill the bowl with very cold water (colder the better).
Add enough room temperature water to the empty soda can (enough to cover
the bottom of the can)
Wait until you hear the water boil and see vapor rising from the can.
Using the tongs, grip near the bottom of the can, turn it upside down, and
plunge into the cold water.
The can should implode on itself.
Repeat!
Time:
5 minutes

65. Broken Pencils and Disappearing Glass: Refraction Indices –
demonstration
Outline of the experiment:
A glass beaker is filled first with water, and a pencil is
placed inside. The pencil appears to be broken. Why? Because the path of light going
into the water is slowed down and bent, causing an image of the pencil that is
shifted relative to the pencil’s physical place. What happens if we have a solution
that doesn’t cause the light to bend as much? When this occurs, objects become
invisible. A large glass beaker with a smaller glass beaker inside is filled with a
certain brand of vegetable oil (around the smaller beaker). Students will see the
smaller beaker disappear! The reason is because the index of refraction of light
matches between the glass and the vegetable oil, allowing light to pass right through
without much bending or refracting. An alternate way of doing this activity is using
a glass rod instead of a smaller beaker.
Themes and good experiments to pair it with: 
The central ideas of this
demonstration are basic principles of light: light travels faster in air than in water,
which is why it bends when it enters the water. It also illustrates that every kind of
matter has its own “index of refraction,” meaning light travels slightly differently
everywhere (including through our own bodies!). When two indices match, no
bending of light occurs, so the inner object “disappears.” This demonstration can be
used in conjunction with a tank of water and dropping marbles. Students can try to
predict where the marbles will land. It’s difficult to guess correctly because of how
light behaves!
Materials:
Glass rods
Large beaker
Small beaker
Wesson Vegetable Oil** (this brand specifically)
Water
Clear glass tank
Marbles
Protocol:
Fill one beaker or glass with water.
Fill another beaker with Wesson vegetable oil.
Place one glass rod in each. What is the difference? Alternatively, a volunteer
can place a small beaker inside a larger one, and slowly fill the entire beaker with
vegetable oil. Students can watch as the inner one disappears.
Optional: fill the tank with water. Have students drop a marble in and predict
where the marble will land.
Time: 
5 – 30 minutes

66. Balloon Skewer– demonstration
Outline of the experiment:
A skewer can pierce a balloon entirely through without
popping! The tip of the skewer is dipped into cooking oil and coaxed through the
thicker area of a balloon (blown to almost its full size). The skewer then is pushed to
the other end of the balloon (again, where the balloon is thickest and is experiencing
the least strain). The skewer can be removed as the balloon leaks air (but it never
pops). Dots can be drawn around the balloon before inflation to illustrate where the
most stress is found on the balloon. The reason is that rubber in the balloon are
strands of long molecules (polymers) which stretch when inflated due to their
elasticity; these strands prevent air from leaving when the skewer is pushed
through between them. To prove this point, the skewer can be pushed through the
middle of the balloon, where the strands are stretched out the most.
Themes and good experiments to pair it with: 
This balloon skewer
demonstration in unique in that you can explain it in terms of polymer chemistry,
and also in terms of pressure. Our other polymer chemistry themed items include
Nylon Fibers (29) and Polyurethane Foam (30). Our other pressure demonstrations
include Egg in a Jar (48), Air Pressure Can Crusher (64), and Bed of Nails (63).
Materials:
Skewers**
Balloons
Vegetable oil
Sharpie pen
Protocol:
Inflate balloon until nearly full size; let a third of the air out and tie a knot.
Dip skewer into the vegetable oil; this will be a lubricant.
Selecting the thicker end of the balloon (nearish the knot), push the skewer all
the way through the balloon until the tip touches the opposite end where you will
find the other thicker portion of the balloon. Keep pushing until the skewer comes
out.
Gently remove the skewer; it won’t pop, but the air will leak.
Repeat, except use the Sharpie pen to draw dots all over the balloon (about the
size of a match head). Draw at both ends of the balloon, and in the middle. Can see
where the “stress” is in the balloon. Which is the better place to put the skewer, and
why? What if we try in another location?
Time:
10 minutes

67. Solar Bag Experiment – demonstration / hands on
Outline of the experiment:
A long, black plastic bag is filled with air and settled
outdoors. It will be warmed by absorbing solar energy, lending buoyancy. Due to the
properties of air, it will begin to float! The “launch” works best during the morning,
when the temperature of the air outside is cool.
Themes and good experiments to pair it with: 
The central theme here is density
of air and molecular movement. As the solar energy heats up the air molecules
inside the bag, they move around faster. Hot air is less dense than the cooler air
surrounding it, causing it to float. This activity is done outdoors and can be started
while similarly themed demonstrations are done indoors. For example, Dry Ice
Balloons (19), Dry Ice: Floating Bubbles (18), CO
Fire Extinguisher (27), and Ship
2
Floating on Nothing (31). For illustrating molecular movement, LN
Break Stuff is
2
another fun way to show it (13).
Materials:
Solar bag (a very long bag, made of thin plastic material)
String to tie bag
Scissors
Packing tape (anticipating rips)
Protocol:
Carefully remove bag and tie a knot at one end.
Move to a wide open area outdoors, with a lot of sun exposure.
Unroll onto soft area (avoid pavement or gravel)
Have someone run around to “scoop” air into the bag. Will take a couple of
minutes to inflate.
Fill until about 2 feet of deflated plastic remains in hand. Slide until air in the
inflated portion is stretching the plastic tight; tie a knot here and tether to the
ground with the solar bag string.
Time:
At least 10 minutes for the air to warm….Perhaps up to 20 minutes or more.

68. Windbag: The Bernoulli Bag – demonstration
Outline of the experiment:
The challenge is this: how to inflate a 2-meter long bag?
Would you believe me if I told you it can be done with one breath, and not 50? The
“windbag” is actually simply a long plastic bag shaped like a tube. It quickly inflates
due to a property of atmospheric pressure relative to pressure in your lungs. Air is
drawn from the atmosphere into the bag from the sides along with air from your
lungs. In other words, air from the atmosphere is rushing to get in because of the
low pressure created from your lungs.
Themes and good experiments to pair it with: 
This demonstration is another way
to illustrate air pressure, and how it can be used to do work. Firefighters use this
Bernoulli’s principle to more efficiently remove smoke out of a building. Instead of
placing fans up against a large entryway or exit, they use a small space between the
opening and the fan (called “positive air flow”). This can be most directly paired
with the Air Can Crusher (64) demonstration, or less directly with the general
pressure themed items: Egg in a Jar (48), Bed of Nails (63), Balloon Skewer (66), and
the Solar Bag Experiment (67).
Materials:
-As sold on Steve Spangler website, or obtain a Diaper Genie Refill (available at any
major discount/department store).
Protocol:
Tie a knot on one end of the bag, and invite a volunteer to try and blow up the
entire bag.
As you will find out, it is too much work!
The trick: stand back and blow air into the bag (not held against your mouth). In
one breath, the bag should be filled.
A fun style is to make it a contest—challenge students to use only five breaths
or less and bet that you can do it in one.
Time:
10 minutes
Reference:
http://www.stevespanglerscience.com/windbag-one-breath-bernoulli-bag.html
https://www.youtube.com/watch?v=LPpbiG-jTWI

69. Static Electricity and the Van de Graaff Generator – hands on
Outline of the experiment:
A Van de Graaff generator is an electrostatic generator
that accumulates electric charge on a hollow metal globe sitting atop an insulated
column, which creates very high electric potentials. It is amusing to have kids touch
the globe (while standing insulated from the ground) and have their hair stand up,
because charges are building up on the person who is touching it. The hair stands
will repel each other as a result, due to the negative charges opposing each other.
There are many other activities to try: blowing bubbles toward the generator (they
will float towards, then be repelled). Aluminum plates can levitate. See reference
link for more ideas.
Themes and good experiments to pair it with: 
The Van de Graaff generator is not
only entertaining, it is a useful scientific education tool to introduce concepts of
electric fields and electric forces. Many are aware of magnets and magnetic fields,
but few are aware that electric fields exist. Often, an understanding of electric fields
are more important than magnetic ones, due to leading to understanding of natural
phenomena. While an expensive start up cost, it will enable a lot more cool
demonstrations not included on this page.
Materials:
-Van de Graaff generator
-Bubbles
-Aluminum plates
-insulated platform
-See reference for more examples
Protocol:
To volunteers: see separate guide for proper maintenance and usage of the Van
de Graaff generator.
After setup is complete, ask a student volunteer to stand on the insulated
platform and place a hand on the globe.
One a good dry day, the hair will stand up! What is going on? Lead into a simple
discussion about electric fields and forces.
Time:
Depending on what is done, 10-30 minutes.
Reference:
http://amasci.com/emotor/vdgdemo.html#lig

70. Domino Chain Reaction – demonstration
Outline of the experiment:
This domino chain reaction is a way to demonstrate
mechanical chain reaction that starts out with a very small push on a very small
domino, which consequently knocks over another domino approximately 1.5x larger
than itself. At the end, it knocks over an impressively large domino.
Themes and good experiments to pair it with: 
This cool demonstration
illustrates a mechanical chain reaction, potential energy, and kinetic energy. It is
best paired with other items that illustrate similar principles, such as Ball on a
Pendulum (51) and perhaps Newton’s Cradle (54).
Materials:
Forceps
13 dominoes, each one 1.5x larger than the last (starting with initial size of 5
mm wide and 1 mm thick; largest is ~100 pounds and over a meter tall)
dropcloth
Note
: we hope to get the Dad’s Club help in constructing these!
Protocol:
Note
: will need some optimization to determine the right spacing between
dominoes.
To avoid scratching any floors, place dropcloth on floor.
Set up all thirteen dominoes at the to-be-determined ideal spacing on top of the
cloth
Using forceps, carefully introduce the first (and tiniest) domino.
Using the forceps once again, give the tiniest nudge to just encourage the
domino to tip over. Watch as the rest topple over.
Take away the largest domino and smallest one. Have the students come over to
compare the size and try experimenting for themselves if it would work if the sizes
were rearranged. Discuss how this works.
Time:
5 minutes
Reference:
https://www.youtube.com/watch?v=y97rBdSYbkg

71. Hammer and Feather Experiment – demonstration
Outline of the experiment:
This is a replication of a classic experiment. The fall of a
hammer and feather is compared. Like predicted, the hammer falls faster than the
feather. However, in an environment in which air is removed, there is less resistance
and the driving force is gravity. The hammer and feather fall at the same rate. This is
achieved by using a vacuum tube with a mini “hammer” or similarly small heavy
object and a bird’s feather inside. The tube is attached to a nozzle and air can be
removed.
Themes and good experiments to pair it with: 
This activity is important for
demonstrating that gravity is a constant and that all objects will fall at the same rate,
independent of mass
, when air resistance is removed from the environment using a
vacuum pump. This seemingly counterintuitive “trick” is a key to understanding
gravity as a concept. This would pair well with the Spandex Gravity lesson (59).
Materials:
the “free fall tube”, which hopefully can be constructed with the help of the
Dad’s Club, borrowed from the physics department, or directly purchased (see
references).
Coin or miniature hammer
Small feather
Vacuum pump to evacuate air (hopefully we may borrow one?**)
Protocol:
The miniature hammer (or coin) and feather are placed inside the tube.
Ask students which object they would expect to hit the bottom of the tube first.
Invert the tube and watch as the heavier object hits the bottom first. Repeat a couple
more times.
Remove the air from the tube using the vacuum pump.
Ask students what they expect to happen. Invert the tube and watch as both
objects fall at the same rate.
Why does this happen? Explain gravity as the main force on the objects. Explain
air resistance as a force and reason why the feather took longer to land at the
bottom.
Time:
10 minutes
References:
https://www.youtube.com/watch?v=8RKAb5accC0&list=UUjLzRkGba-XgTGPmbJgS
cLw&index=15
http://www.onlinesciencemall.com/coin-feather-free-fall-tube.html?gclid=CKj0vJvP
zMYCFUSBfgodXRcEVA

72. How to light a match without a fire? – demonstration
Outline of the experiment:
A set of parabolic mirrors are used, one with a heat
source mounted inside, and the other with a match. Parabolic mirrors reflect
infrared light (heat). This infrared light is focused on the opposite mirror where the
match is. The focus light heats the head of the match enough to ignite it. This activity
helps to demonstrate that light includes heat, which we can’t see directly.
Themes and good experiments to pair it with:
The best experiment to pair with
this demonstration is 
“Physical Properties of Light: Colors of the rainbow” (49)

because that will explain how we know about infrared light. Next, students will be
able to see how infrared light is also heat. Can also discuss the three ways of heat
transfer: conduction, convection, and infrared radiation.
Materials:
- Two parabolic mirrors (see reference below)
- Matches**
- Heat lamp
Protocol:
Turn on heat lamp set within one of the parabolic mirrors.
Place match within other stand.
Rotate this “heat ray” directly across from the match.
Watch as the match head begins to smoke and catch on fire.
Explain principles of infrared radiation and ways in which heat is transferred.
Time:
10 minutes
Reference:
http://wonders.physics.wisc.edu/parabolic-mirrors.htm

73. 3 Layer Density and Rainbow Test – demonstration and
hands on
Outline of the experiment:
Honey, oil, and water are layered in a glass bottle. The
subsequent layers that formed are vigorously shaken, only to come together again!
How is that possible? In the second part of this demonstration, colored solutions are
made from various amounts of sugar in water and layered (to form a “rainbow”).
Themes and good experiments to pair it with: 
The central theme of this activity
is to demonstrate density, and how it is that fluid with the same volume can still be
heavier relative to other volumes! The rainbow shows that, even with the same type
of fluid 
and
volume, if you have more “stuff” packed into it (i.e., sugar), it will still be
denser and sink. This activity will pair with the other density themed items: Dry Ice
Floating Bubbles (18), Dry Ice Balloons (19), Flying Tea Bags (22), CO
Fire
2
Extinguisher (27), Water Fireworks (60), and the Solar Bag Experiment (67).
Materials:
- two glass bottles
- honey**
- vegetable oil**
- water
- food dye**
- sugar**
Protocol:
-Ahead of time, prepare colored sugar solutions according to the reference below.
-Taking the clear glass bottle, add a little bit of honey, followed by oil and water.
Allow the layers to settle in place.
-Place a lid on top and have a volunteer vigorously shake the bottle. What happens?
What happens when you wait?
-Repeat and place the bottle on the side and see what happens. Explain density.
-In the other clear bottle, layer the color solutions you had made before and repeat
the actions of shaking the layers and waiting for them to settle. Explain how, even
with the fluid is the same and volume is the same, how packing more “stuff”
(dissolving sugar) results in a denser solution.
Time:
15 minutes
Reference:
http://scifun.chem.wisc.edu/homeexpts/layeredliquids.htm

74. Solar Oven S’mores – hands on
Outline of the experiment:
Students will harvest the energy of the sun and bake
S’mores in an oven they construct themselves!
Themes and good experiments to pair it with: 
This activity demonstrates how
solar energy can be captured to do work: cook a S’more! This is also a clever way to
introduce concepts related to global warming (i.e., the greenhouse gas effect and
how it can trap heat). We think this can be its own day, in that students can
potentially each make their own solar oven to take home. While the solar ovens are
cooking the S’more, other activities can be selected (not necessarily related to solar
energy). For extra hyper kids, perhaps pairing with LN Nice Cream would be fun
(14).
Materials:
Individual cardboard pizza boxes (one for each student or student group?)
Plastic see-through sheet (i.e., transparency sheets)
Aluminum foil**
Graham crackers**
Chocolate**
Marshmallows**
Scissors and/or box cutter (for adult use only!)
Toothpicks**
Tape**
Optional: two thermometers
Protocol:
Have a grad student volunteer cut a window into the top of the individual pizza
box, taking care to leave the flap in place. The students can select windows of
varying sizes.
Tape a transparency sheet to cover the open window under the lid.
Line the inside of the box completely with foil; tape if necessary.
Prepare the S’more and place inside the box. Prop open the window with a
toothpick.
Leave in a very sunny place.
Eat when melted!
Optional: fit in a thermometer to measure the heat. Leave one thermometer
outside as a control. Compare the temperature inside the box relative to outside the
box.
Time:
Will need to try out on our own first, but we approximate a couple of hours.
References:
http://climatekids.nasa.gov/smores/

75. Pasta Rocket – demonstration
Outline of the experiment:
A yeast-catalyzed reaction releases gas that can be
ignited, and the resulting sustained flame is reminiscent of a miniature rocket.
Indeed, the very basic components of a rocket are there: solid fuel (uncooked ziti
pasta noodle) and liquid/gaseous oxidizer (pure oxygen gas released from
yeast-catalyzed of degradation of hydrogen peroxide via catalase enzyme).
Themes and good experiments to pair it with: 
This is a very versatile
demonstration, because it is a way to explain rockets, fire, and also chemistry. As
such, any activities with similar themes (fire, pressure) can be paired with this one.
Materials:
- Ziti pasta noodles**
- Baker’s yeast**
th
- Small canning jar with 1/8
inch hole punched in the center of the lid
- Hammer
- Hydrogen peroxide
- Lighter
Protocol:
- Fill the jar ¾ of the way with hydrogen peroxide.
- Add a quarter teaspoon or so of yeast in. Bubbling will result.
- Place lid on top (do NOT screw it in place!). Oxygen flow will be pushed through
the hole.
- Insert in one uncooked ziti noodle in the whole.
- Light the flow of oxygen on top with a lighter. Watch the rocket go!
- Explain components of a rocket. Can also explain the chemistry going on with the
yeast, as well as the three things needed to start a fire (fuel, spark, oxygen).
Time:
10 minutes
References:
https://www.youtube.com/watch?v=tHzsZkh3iWg

77. Extracting Iron from Cheerios – demonstration and hands
on
Outline of the experiment:
Cheerios are high in iron content. In fact, using a
magnet can attract a Cheerio loop due to how much iron there is. Iron is a critical
component of heme found in blood, which carries oxygen from our lungs throughout
the body. Iron from Cheerios can be extracted using simple materials: mortar and
pestle, 1.5 cup Cheerios, and a mixer. Cheerios are ground into a fine powder, and
water is added. A magnet is then inserted into the solution and stirred slowly. It is
dried on a paper towel, and the iron becomes visible as black spots.
Themes and good experiments to pair it with: 
One central idea of this
demonstration is recognizing that components as small as iron can be extracted
from a whole solid. Additionally, magnetism is another theme of this demo. Other
items that address magnetism include the magnetic version of Gak (40).
Materials:
Cheerio’s cereal** (~1.5 cups per extraction)
Rolling pin
Large Ziploc bag**
Measuring cup
Water
Magnets (stick preferable)
Bowl
Paper towels
Protocol:
Demonstrate how Cheerios have a lot of iron by attracting a Cheerio loop in a
bowl of water. Describe why iron is important in your body.
Measure out 1.5 cups of Cheerios. In a Ziploc bag, crush with a rolling pin until
you have a very fine powder.
Add water and mix altogether to make a heterogenous solution.
Use a magnet to “pick up” some of the solution. Blot on paper towel.
You should be able to see iron as small black specks on the paper towel.
Time:
20 minutes
References:
https://www.youtube.com/watch?v=s3YBBj8K8BQ

