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Science as Inquiry through Physical Science

Doreen J. Ferko

Thomas E. Ferko


Webinar 

March1, 2005
Greetings!

This packet contains explanations of 14 science demonstrations/activities that were prepared for a Webinar session held March 1, 2005.  The activities contained in this packet are versions of science demonstrations that have been used in various formats by many science educators over the years. We do not claim credit for having developed any of them and where possible, we have attempted to give credit to the appropriate sources but recognize that these sources may not be the originators. In addition, there are a few extra demonstrations, at a slightly more advanced level, included in the event would you decide you’d like to try them. 

A note on safety:  While common substances and objects used in the following lab experiments are considered to be relatively safe, (most can be obtained in a grocery store, sporting goods store, or pharmacy) we cannot overemphasize the need for safety and teacher oversight when performing any science activity.  These activities are designed to be performed in a general classroom without any special safety devices but each teacher must evaluate the appropriateness of each activity for his or her classroom and take appropriate precautions.  The presenters and their institutions do not claim responsibility for the safety or effectiveness of any activities in this packet.

Finally, we recognize that teaching science is often difficult for teachers at any level, and that this is especially true when teaching science to students with special needs.  We hope that by using either demonstrations or activities based on the attached ideas you and your students will become excited and inquisitive about the scientific aspects of common substances and objects that are around you every day!

Doreen J. Ferko, California State University at Fullerton

Thomas E. Ferko, California Baptist University
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Magnetic cereal

Source / Reference:  revised from Robert Becker, “An incredible evening of chemistry” 1993

Materials:

A breakfast cereal containing 100% of the RDA for iron (such as Total()

Mortar and pestle

Clear plastic cup

Strong magnet 

such as a ‘cow’ magnet – available from Frey scientific (item 15583083  $7.15 each)


Plastic spoon

Procedure:

1.  Grind up approximately ½ cup of cereal in the mortar and pestle until it is as finely ground as possible.  

2.  Pour the powdered cereal into a plastic cup and add approximately ½ cup of water.  

3.  Gently stir the mixture until the cereal is evenly suspended.  

4.  Hold the magnet OUTSIDE and against the side of the cup while stirring the mixture for approximately one minute.

5.  Stop stirring and gently raise the magnet to the top of the mixture level.  You will observe dark particles in the cereal that are attracted to the cereal.  What are these dark spots?  They are tiny pieces of iron!

Science Concepts:

Many breakfast cereals are fortified with iron, an essential part of our diets.  When the cereal and water are mixed together they form a heterogeneous solution mixture, one in which the components are unevenly distributed.  One component of this mixture is tiny flakes of metallic iron, which can be physically separated from the mixture with a magnet.

Some Questions to Think About:

Is this the same iron that makes up nails, steel, and car wheels?

Why don’t we hurt our teeth when we bite into the cereal?  

Would wet cereal rust if it were left out for a long time?

Separating colors on a coffee filter

Source / Reference:  revised from Robert Becker, “An incredible evening of chemistry” 1993

Materials:

A white coffee filter and 1/8 of a second coffee filter

A plastic cup ¾ full of water (within 1 cm of the top)

Various felt-tip “washable” markers

Scissors or a knife 

Procedure:

1.  Cut a coffee filter into 8 sections (pie-style).  These can be used by 8 different students.

2.  Cut an X in the middle of a second coffee filter (A sharp knife and cutting board can be used to rapidly cut Xs in coffee filters for an entire class)

3.  Place the coffee filter on a paper towel and make a small (0.5 cm), concentrated spot of a marker about 1 cm from the X.  Repeat with other markers to form a circle around the X. 


     Variations:

Try several different markers of one color (like black)

Try colors that may be a mixture of others (like purple or green)

Make curved lines instead of individual dots

 The spots can be labeled with a PENCIL for future identification.

4.  Roll up the 1/8 section of coffee filter and poke it through the center of the filter that was spotted.

5.  Set the filter on top of the cup of water with the 1/8 section piece extending down into the water.  It will serve as a wick to bring water up and across the filter.

6.  Observe the spots as the water crosses them and remove the filter before the water reaches the edges.  Set it on a paper towel to dry.

Science Concepts:
“Chromatography” is a term that chemists use for various types of separations and means “writing in color” because the first chromatography experiments were done with colored substances.  In this activity we did “paper chromatography” on the markers.  Ink that is more chemically attracted to the water moves with the water while ink that is more chemically attracted to the paper stays put. Most inks are attracted to both and move somewhere in-between.  All of one type of ink molecule will move as a group or spot.

Some Questions to Think About:

How can you tell if an ink is one substance or a mixture?

How can you tell the writing of one black pen from another?

Light stick

Source / Reference: Adapted from C. Marvin Lang and Donald L. Showalter “Yes Virginia,…Learning Chemistry Can Be Fun!”, 1993
Materials:

2 Light sticks (available at most sporting goods stores, also in various forms at amusement parks) 

2 Beakers or large glasses

Ice water

Hot water
Procedure:

1.  Remove two light sticks from their wrappers and observe what is inside them.  What can you see?

2.  Bend one stick.  What do you hear?  What happens inside the light stick?  Shake the light stick.  What do you see?

3.  Bend the second light stick and now closely observe where the light is first generated.  

4.  Immerse one light stick in ice water and the second in hot water.  What do you see?

Science Concepts:

When light is given off during a chemical reaction it is termed “chemiluminescence”.  Commercially available light sticks contain a glass vial (usually containing hydrogen peroxide) immersed in a second liquid.  When the stick is bent the glass vial breaks and the reaction starts.  The reactions release energy in the form of light.  Many reactions, including this one, speed up when heated, making the reaction in the hot water go faster.  This makes more light but also decreases the ‘lifetime’ of the light stick.

Some Questions to Think About:

Does the light stick feel warm?  Can you think of a reaction that gives off both light and heat?

What do you think will happen if you:


remove the light sticks from the hot and cold water?


place a light stick in the freezer for 2 hours?

Ooze

Source / Reference: Exploratorium – Science Snacks.  Outrageous Ooze  www.exploratorium.edu/science_explorer/ooze.html

Materials:

Cornstarch

Measuring cups (1/4 and 1/8 cup)

Plastic ziplock bag

Food coloring

Procedure:

1.  To the bag add ¼ cup of cornstarch.

2.  Add 1/8 cup of water to the bag and close it. (You can add a few drops of food coloring to the water)

3. Close the bag tightly and knead the contents until they are thoroughly mixed.  The consistency should be like pancake batter.  If it is too wet add a little more cornstarch, if too dry add some water.

4.  Observe the contents of the bag as you knead it and then let it set.  What happens to the material?

Optional:  take the Ooze out of the bag and feel it in your hand.  What happens when you stop pressing on it?

Science Concepts:

This “Ooze” is tiny particles of cornstarch suspended in the water  - something chemists call a colloid (milk is another colloid).  Most liquids, like water, are called “Newtonian” liquids but this Ooze is different.  When you apply a sideways (or shearing) force the water moves out of the way and the Ooze becomes more viscous (or thick like a solid).  When it is undisturbed it flows like a liquid.  This shows that the same substance can exist as either a solid or a liquid.

Some Questions to Think About:

Try stirring the Ooze quickly and slowly with your finger. What happens each time?

Would you classify this as a solid or a liquid?  Why?

Radiometer

Source / Reference: Available at many toy stores or “Discovery Channel” type stores.  Also available from Wards Natural Science (Item  #16 V 0507 $8.95 each)

Materials:

Radiometer

Light source

Procedure:

1.  Hold out and observe the radiometer.  What is inside it?

2.  Hold the radiometer in front of a sun lit window or other intense light source.  What happens to it?  

3.  Observe the radiometer.  Which direction does it spin in?

4.  Can you think of a reason to explain why the radiometer spins?

Science Concepts:

This is another example of energy conversion (light to thermal to mechanical).  In the radiometer there is a good but not a perfect vacuum (lack of air).  When the light hits the black side it heats up more than the white side.  Air molecules next to the black side move more and hit the black side with more force. 

This also allows students to come up with many alternative explanations (as many scientists did over several years until the correct explanation was proposed!) which they can debate.  It also shows that something like air that seems to be “invisible” can actually move a much heavier object.

Some Questions to Think About:


Why does it always spin in the same direction?


Would it work if both sides of the vanes were the same color?

How can you make the radiometer spin faster?

Will any light source make it spin?

Fireproof balloon

Source / Reference: C. Marvin Lang and Donald L. Showalter “Yes Virginia,…Learning Chemistry Can Be Fun!”, 1993
Materials:

Two round balloons (7” work well)

Matches

Water

Procedure:

1.  Inflate one balloon with air and tie it shut

2.  Fill the second balloon with about ¼ cup of water, inflate it with air to the same size as the first, and tie it shut.

3.  Light a match.  What do you think will happen if you hold it under the first balloon?  Try it if you dare!

4.  Light another match.   What do you think will happen if you hold it under the second balloon just below where the water is pooled?  Try it if you dare!

5.  See if you can discover the reason for the difference (or are you all wet!)

Science Concepts:


The balloons with just air become hot very fast.  So hot that it weakens and cannot resist the pressure inside the balloon.  However, in the second case the water is a particularly good absorber of heat (chemists call this a high “specific heat”) and it keeps the balloon at a low temperature.  The match may even make a black mark on the balloon but it won’t break (unless you held the match where there was no water!)

Some Questions to Think About:

1.  It has been said that you can boil water in a paper cup over a flame.  Do you think this is possible? 

2.  People who live near the ocean experience less extreme temperatures than those who live in the middle of the country.  Can you think of a reason why?

Drinking bird

Source / Reference: Available from Carolina biological supply (item # RG-75-3605 $6.20)

Materials:

Drinking bird

Container of water that is the same height as the bird when it is tilted at 90(
Procedure:

1.  Dip the bird’s head in the water and dry off any excess water.

2.  Set the bird and the container of water on a table with the bird facing the water.

3.  Watch!

Science Concepts:


The “drinking” bird is not really drinking!  Inside the bird there is a blue liquid (methylene chloride) that rapidly evaporates at room temperature.  As it evaporates it forces some of the liquid up the thin inner tube, making the bird top heavy until it tips over.  When the head reaches the water the methylene chloride runs back down and pools at the bottom, straightening the bird.  This not only demonstrates center of gravity but also relies on evaporation and condensation.  It also demonstrates transfer of heat.

Some Questions to Think About:

What is the purpose of the container of water and the bird’s wet head?  (Hint:  When a vapor cools down it condenses to a liquid)

Do you think this would work outside on a cool day?

Why does the blue liquid rise inside the bird?


Do you think this would work if the bird’s head were dipped in warm water?

Coke vs. Diet Coke

Source / Reference: unknown

Materials:

1 can of Coke

1 can of Diet Coke

Fish tank or large container(s) that can hold the two cans

Water
Procedure:

1.  Fill the fish tank (or other container) most of the way to the top but not completely full.

2.  Place each can in the tank and observe what happens?

Science Concepts:


This demonstrates the concept of density (an object with more mass in a the same volume has a higher density).  It also gives students the opportunity to come up with, examine, and defend various explanations for a repeatable observation.  


The reason that the Coke sinks but the Diet Coke floats is the sugar!  Coke contains 39 grams (a small pile) of sugar but Diet Coke has none.  Since a sugar solution is denser than water the Coke sinks.  The Diet coke happens to be less dense than water so it floats. 

Some Questions to Think About:


What are some similarities between the coke and diet coke?


What are some differences between the coke and diet coke?


What are some reasons why one would float but the other would sink?


What is the function of a “Life Preserver” vest that boaters use?  How does it work?

Simulating a half-life

Source / References:
Ebbing D.D. and Gammon S.D (1999) General Chemistry, 6th Edition.  Houghton Mifflin Company.  1101 pp.

Herr N. and Cunningham J. (1999) Hands-on chemistry activities with real-life applications.  The Center for Applied Research in Education. 638pp.

Shipman J.T., Wilson J.D. and Todd A.W. (2000) An introduction to physical science.  Houghton Mifflin Company.  654 pp.

Materials:

 
A bag of M&M candies


A small paper plate


Data table
Procedure:


In this activity you will simulate radioactive decay of “M&Mium”.  We will measure the activity in “decays per cycle” with one cycle consisting of dumping the “isotopes” onto the paper plate.  Those candies that do not show “M&M”  have “decayed” and are removed from the sample.  Data are recorded and the procedure is then repeated until all of the isotopes have decayed. By graphing the data we can then determine the half-life of the isotope in terms of “number of cycles”.  

1.  Open your bag of M&Ms and count how many you have.  Return the M&Ms to the bag and shake well.  Record the total number on the data table.

2.  Dump the contents onto a paper plate.

3.  Remove nuclei that have decayed (unmarked side facing up)

4.  On the data table record both the number of nuclei that “decayed” during this cycle and “ the number of radioactive “parent” nuclei remaining.

5.  Place the parent nuclei (ones that had M&M facing up) back in the baggie.

6.  Repeat steps 1-5 until all nuclei have decayed.

7.  On the graph paper, plot the number of parent nuclei remaining (y axis) vs. the cycle number (x axis) and draw a smooth curve through the data points.   The first date point should be (y=total initial number, x=0) on each graph.

8.  Select two values on the y-axis where one value is twice as large as the other (30 and 15 for example) and draw lines from these values to your curve.

9.  Draw 2 vertical from the same points on your curve to intersect the x-axis.  The space between these lines on the x-axis is the half-life expressed in “number of cycles”

Science Concepts:


The half-life of a radioactive nucleus is the time it takes for one-half of the nuclei in a sample to decay.  Some samples of radionuclides take a very long time to decay while others decay very rapidly.  In a given sample of a radionuclide the decay of an individual nucleus is a random event; it is impossible to predict which nucleus will be the next to undergo a nuclear change.

Some Questions to Think About:

Would a coin have a similar half-life to the M&Ms?  Would a 6-sided die have the same half-life as the M&Ms if, for example, the 6 meant it decayed?

Data Table:

	Cycle
	M&Mium

	
	nuclei decayed
	parents remaining

	0
	           0
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
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Questions:

1.  What is the half-life of “M&Mium” expressed in number of cycles?  

2.  How long (number of cycles) did it take for Coinium to completely decay?  

3.  In your own words, express how the half-life is related to the rate of decay.
4.  How would using nickels or dimes instead of pennies affect the half-life of our “M&Mium” sample?  What if started with 20 coins rather than 40?  What if we repeated this activity 5 times?  

Chemical hot/cold packs

Source / Reference: Chemical cold packs are available at many pharmacies in the First aid section.  Hot packs are often available in sporting goods stores for use by outdoorsmen and skiers (hand warmers)

Materials:

1 chemical hot pack

1 chemical cold pack

Procedure:


1.  Feel the hot pack before opening.  Open and let the students feel it.  


2.  Feel the cold pack before opening.   Open and let the students feel it.

Science Concepts:


These are both examples of chemical reactions that involve heat.  The hot pack is an “exothermic” reaction – it gives off heat.  The cold pack is an “endothermic” reaction – it absorbs heat from its surroundings.  Some chemical reactions give off heat while others absorb heat.


In the cold pack, ammonium nitrate reacts with water to absorb heat.  In the hot pack that I used iron reacted with oxygen to form rust (iron oxide) and heat is generated.


Two things combine to make a reaction spontaneous – giving off heat and increase in entropy (disorder).  It is easy to see how the hot pack is spontaneous (most reactions are exothermic) but how does the cold pack work?  There must be a large gain in entropy (disorder) to overcome the heat that it absorbs.

Some Questions to Think About:


What is the evidence for a chemical change in each case?

What did you have to do to get each reaction started?  Read the ingredients and think of a possible reaction that could occur.


Why do you think the pack contained powders and not large chunks?


Do you think these packs could be used more than once?

Jumping film canister

Source / Reference: unknown

Materials:

Empty plastic film canister (one that the lid snaps inside)

½ of an Alka-Seltzer tablet

Water

Plastic tarp  (or do outside)

Procedure:

1.  Fill the empty film canister ¼ of the way full with water.

2.  Place ½ of an Alka-Seltzer inside the canister and immediately cap it.

3.  Invert it on a table and stand back!

Science Concepts:


This demonstrates not only a chemical reaction (carbon dioxide gas given off when the Alka-Seltzer in water reacts) but also pressure and Newton’s third law (for every action there is an equal and opposite reaction).  We all know that water and Alka-Seltzer generate gas.  When this is trapped in the film canister it builds up pressure until the lid blows off and the canister is launched.


Variations:  design a rocket around the canister to test aerodynamics

experiment with variable (temperature, amount of water vs. Alka-Seltzer, crushed vs. whole Alka-Seltzer etc. to test the rate of the reaction)

Some Questions to Think About:


Why was there a delay between when the canister was capped and when it “popped”?


How could you determine how high the canister flies?


Do you think it would react faster if the Alka-Seltzer were powderized? 

Polarized lenses

Source / Reference: A linear polarized film sheet is available from Rainbow symphony, Inc (Item #04501 15” x 12” $35) this can be cut into enough pieces for a class of students.  They also sell diffraction glasses, solar viewing glasses, and a variety of other educational products
Materials:

 Polarized lens (cut from a sheet or a lens from an old pair of polarized sunglasses
Procedure:


1. Hold a polarized lens up to the light.  What can you see through it?


2. Lay one polarized lens over top of another one and rotate one.  What happens?

Science Concepts:


A polarized lens only allows light waves that travel along one “plane” to pass through.  This is why drivers, skiers, and boaters use polarized sunglasses (it cuts down on glare from light reflected along one plane).  When two lenses are overlapped they can be aligned along the same plane (passing approximately the same amount of light as one lens), along planes that are 90( to each other (passing no light) or anywhere in between.  This demonstrated the “wave” nature of light.

Some Questions to Think About:

Do normal sunglasses work in the same way as polarized lenses?

How could you test a pair of sunglasses that claim to be polarized to see if they really are?

How could you make a pair of sunglasses that would allow you to darken or lighten them as desired?

Gravity defying water?

Source / Reference: unknown

Materials:

Small drinking glass

Index card

Water

Procedure:

1.  Fill the glass to the rim with water.

2.  Gently set the index card on top of the glass.

3.  With a finger on top of the index card, lift the glass and invert it so the card is now down and the water is above it.

4.  Slowly remove your finger.  What happens?

Science Concepts:


This demonstrates air pressure and balancing of forces.  While the water is exerting a force downward the pressure of the atmosphere (air pressure) is pushing up on the card, holding the water in place. Air pressure exerts a force of about 1 kg/cm2 (or about 44 pounds over the face of a 3x5” index card.  Usually the pressure is exerted on both sides so you can’t sense it.

Some Questions to Think About:


Could you use a glass with a chipped rim to do this experiment?

How long do you think this will “hold water”?  What might cause the water to escape?

Do you think this would work if instead of a glass we just used an open tube?

Do you think this would work with a tall vase of water?

A “galaxy gold” color change

Source / Reference: Physical Science Demonstrations, The Internet Science Room (www.oklee.k12.mn.us/demops.htm)
Materials:

 Astrobrights( Galaxy Gold colored printing paper (it MUST be this exact paper)

NOTE: The covers of this handout are printed on Galaxy Gold!!

Vinegar

Paintbrush

Baking soda

Water

Spray bottle

Procedure:

1.  Prepare a baking soda solution by putting a teaspoon of baking soda in a cup of water and mixing it well.

2.  On the Astrobrights( Galaxy Gold colored printing paper write an “invisible” message using the vinegar and paintbrush.

3.  Let the paper dry then spray it with the baking soda solution.  See what happens!

Science Concepts:

Many common substances are either acids or bases.  Some common vegetables are acid base indicators, which means that they change color when exposed to an acid or base.  An example is red cabbage juice which turns red in acid and yellow in base.  Goldenrod (which is used to color Astrobrights( Galaxy Gold colored printing paper) is also an acid/base indicator but it is golden when in an acid but magenta when in contact with a base.

Vinegar is an acid but the baking soda solution is basic.  Vinegar on the paper kept it golden while the unpainted parts turned magenta when exposed to the base.  This can be used to test common chemicals (lemon juice, Windex, ammonia, and various other cleaners) to see of they are acids or bases.  This is an excellent way to demonstrate pH to an entire class.

Some Questions to Think About:

Is the reaction reversible?  Can you make the Magenta turn golden again?  How would you test this?

Most acid/base indicating vegetables and plants are colored.  Can you think of another one that you could test?

Some hydrangea flowers are red while others can be made to turn blue, pink, and purple.  How could this be done?
