A Practical Primer of Experiences with Water
By Brian Herrin  ( herrin@sfu.ca )

And presented at the 2010 PITA Start Up Series on September 11
This primer was written to be a collection of background and activities that create understandings which will then allow a novice teacher to begin the year teaching elementary physical science topics with some measure of confidence and a toolbox of activities that will set up the year. As many schools do not have a sophisticated science equipment inventory, it has been designed to use water and inexpensive science equipment available from local retail stores.  If you do have science equipment in the school, check it out first to avoid broken or damaged gear.

The areas addressed in this document will involve the following:


•  Properties of matter


•  Changes of state

•  Simple demonstrations and activities using water
Properties of Matter

Matter is anything that has mass and occupies space.  With this as the definition it is safe to say that any real object the students can see or feel is composed of matter.  A bag of air or a filled balloon can provide the answer to the question of whether matter can be ‘invisible’.  We can certainly see that a plastic container that is inverted and immersed in water is filled with something the students cannot see.  This mixture we call air.

Matter is made up of molecules. This is known as the Particle Theory of Matter where the particles are the molecules (or ions) that make up all matter.  These ‘particles’ are usually molecules for the substances we will meet in elementary school and should be called molecules even though they are not referred to in texts as such. Molecules are always in motion and are colliding constantly.  The faster the molecules move the more collisions there are and this is called heat.  It is heat that is responsible for the changes of state we will look at.

 We will use a model called the FMKMT or the Frenetic Mimetic Kinetic Molecular Theory.  If students can learn about dinosaurs they can learn about molecules so never be afraid to use real science words with them if they can save time and the children understand what they mean.  I advise you to never call molecules particles unless it is mentioned as an outdated term that may be used in their text books!

The coldest temperature is called Absolute Zero and it is the temperature at which the molecules stop moving.  This temperature is –273o Celsius but it has never been reached and is not thought possible to attain.  Normal room temperature (22o C) is a long way from absolute zero.  The coldest atmospheric temperature recorded was –89o C in Vostok, Anarctica and the hottest was 43oC at Kayes, Mali.

Properties of Matter can be classified as physical or chemical and some can and are explored by elementary students with limited equipment.  These easily observed physical properties are:


Colour *
Boiling Point *
Melting Point *


State
Solubility 
Ductility


Viscosity
Hardness
Conductivity


Malleability
Magnetism
Density


Lustre
Crystalline Structure
Brittleness
Some of these physical properties (starred above) are self-explanatory.

State – the state of the substance at room temperature – usually 22o Celsius
Solubility – whether a substance will dissolve in another substance – usually water

Ductility – a property of metals where a rod of the metal can be ‘drawn’ into a wire

Viscosity – a property of a liquid, which describes whether it will flow easily (thin or thick)

Hardness – described using Moh’s Scale of Hardness where talc = 1 and diamond = 10

Conductivity – whether the substance will conduct electricity or heat

Malleability – a property of metals where it can be beaten into thin sheets

Magnetism – a property of metals where they can be attracted by a magnet 

Density –the ‘heaviness’ of a substance and is a measure of mass per unit volume ( g/cm3 )

Lustre – how a substance reflects light (shiny or dull)

Crystalline Structure – whether a substance crystallizes into a form (e.g. cube, rhombus)

Brittleness –whether a substance will break or shatter easily

As you can see, discovering and describing physical properties are very important when we discuss substances and can help in describing and identifying them.  These words do not need to be learned as a group but rather employed when they can assist with a description or an explanation.

More detail of these properties can be found on the internet by using the search words   Physical Properties   and adding   + activities    will give you a collection of sites where you can get more information and activities to further explore the wonderful world of substances.  Check several of the sources you are led to as there are many ways to work with these properties and many substances and pieces of equipment that may be helpful.
Changes of State

Changes of state for pure substances usually occur when the molecular motion changes.  If a solid is heated the molecules move faster and faster until the bonds between them weaken and the molecules can now slide over each other.  This is called the melting point (or, conversely, the freezing point).  If this liquid continues to be heated the molecules move faster and faster until the very fastest actually disassociate from the liquid and evaporate into a gas.  We call this the boiling point.   This gas can continue to be heated.  Gases and liquids are also referred to as fluids as they can flow.

There are quite a few words we use to describe these changes of state and I will place them in a diagram in the appendix.  Of course, there are several other words you could use in the boxes such as boiling, gasification, jelling, setting, or any others you may choose to add.
These terms and words should be well understood by the reader but that change of state called Sublimation may need some further discussion.

Sublimation is where a solid becomes a gas or a gas becomes a solid.  We see this commonly with water where dry snow or ice gradually disappears in a cold, dry environment such as your freezer or during a long cold spell without precipitation.  It also occurs when we get frost on a surface when the air temperature drops below freezing.  It is why you can dry clothes outside on a clothesline when the temperature is well below zero.  It is a phenomenon you can see by regularly measuring and weighing ice-cubes in a tray left in a freezer for several weeks.


Changes of state triangle

(Ignoring the state of plasma – a state of ionized gas of positive ions and free electrons)
A Review of The Three Common States of Matter
Matter is anything that has mass and occupies space.  It is composed of molecules or ions that have some relationship to each other based upon their distance apart and ability to move.  These molecules or ions are always in motion

If the molecules are packed tightly together and can only vibrate in their place, the substance is called a solid.  These molecules may be heated up and therefore move faster which usually causes the solid to expand slightly.  If we continue to heat up the solid the bonds between the molecules eventually are broken and the solid melts to form a liquid.  In this liquid, the molecules are free to move around and are affected by gravity taking the shape of their container.  If this liquid continues to be heated, eventually the bonds between the fastest moving liquid water molecules break and the liquid boils and some fast moving molecules evaporate to form a vapour.

These physical changes do not involve any changes in the molecule itself and are usually completely reversible.  In some materials (e.g. iodine or water) solid molecules can gradually disappear to form a vapour without going through the liquid phase.  Recrystallization can also occur without passing through the liquid phase.  Both of these processes are called sublimation.

Solidification can be observed if you make peanut brittle or any hard candy from a sugar/water solution as an experiment.  Indeed, a trip to a mall or candy store will give you opportunities to watch many of these processes taking place but phone ahead to see what is being made at that time.

Melting may best be seen by working with ice cubes.

Condensation takes place when warm, moisture-laden air meets a cold surface.  You can see this when you breathe on a cold windowpane or a mirror and it can be easily demonstrated by watching water condense on a glass of cold water that has ice cubes in it.  
Evaporation is easily demonstrated with two soaked paper towels set up at either end of a dowel.   Place one inside a sealable sandwich bag and the other just beside it but exposed to the air.  Make sure that the system is balanced and level to start.  Another easy example would be to make puddles on a dip in the blacktop and circle them with chalk Visit them every half hour and remark the edge of the puddles.  A shallow pan of water will also show this result.  I like to use washed black meat trays on a sunny day.
Sublimation is best viewed during a cold spell (at least -5°C) when the snow just seems to disappear in the sun and wind.  It also happens to ice cubes that are left in the freezer for a period of time.  Indeed, if your freezer has a frost-free cycle, it hastens the process considerably.  You can watch sublimation from vapour to solid if you place salt on snow in a plastic cup and wait for frost to form from the water vapour in the air coming in contact with the cold surface.  Students may have seen frost on their parent’s car windows just disappear as the car is driven and the air whips past the frost which then sublimates away.

Create a Working Word Wall

Science is full of vocabulary that sometimes is neglected in our search to make things easier for our students.  This can result in words being used carelessly with little regard to the way a scientist would use them.  I think it is important to give children the vocabulary that allows them to speak to scientists or each other with little chance of being misunderstood or needing to alter their vocabulary as they advance their learning.

One such word is ‘molecule’.  A molecule is defined as a group of atoms bonded together, representing the smallest fundamental unit of a chemical compound that can take part in a chemical reaction.  Sounds very technical but our BC curriculum has seen fit to use the word particle for a molecule with elementary aged students.  A particle is defined as a minute portion of matter and can refer to dust or any small amount that may contain millions of molecules.  To me these words are not interchangeable.  As students continue on in science they will then meet sub-atomic particles such as electrons, protons, neutrons, muons, etc.  I think we should call a molecule a molecule right from the start!

My suggestion is to create a Word Wall in which you post the words you meet in your science unit with a definition of each one as you will use along with a typical student level sentence that uses the word correctly.  An example might be:

Vibrate – (verb) To move back and forth.

I could see the tuning fork vibrate after I struck it.

There is a list of words used in each science unit at the beginning of each IRP unit and these should be all on the wall along with any other words that are useful and save time in describing scientific phenomena. 

When using the words in written material, I always gave a three mark bonus for correct spelling on any test or quiz and any spelling mistakes of science words cost one mark from the bonus.  Thus it was always possible to get more than 100%.  It worked really well!
Make Oral Language a Team Effort

by Carol Roitberg
The first task is for the teacher to divide your class into equal groups based on any theme that you are using and work out a progression you wish to use as the hook for the unit 'journey'.  We will use the example of an animal life cycle unit and, in BC, what better than using the Salmon life cycle.  Each group would be named for one of the Pacific salmon species: Coho, Pink, Sockeye, Steelhead, and Chum.  

Before researching the characteristics of each of these species the students are invited to discuss their own personal characteristics or strengths using terms like leadership, organization, mathematical understanding, speaking to others, artistic ability, writing and recording, athletic ability or any others that they feel they have.  When this has been done and a list has been compiled, invite each of your students to use and share his or her strength and work to strengthen at least one more characteristic from this list.

With this done the students create realistically colored drawings of the various stages of the life cycle of their team’s species.  There is a wonderful poster produced by Fisheries and Oceans Canada available from BCTF Lesson Aids (8 LA S34 – Salmonids in the Classroom) that can be used as a resource for this stage of the unit.  After the drawings of the eggs, alevins, fry, smolts, juveniles and adults have been produced they all team up to make two spawners for the completion of the life cycle.  Strings or strips of paper can be cut to show the actual length of the adult males and females and students could be invited to take a set home to use as an aid in conversations.

During this time the students, as a class, construct a river around the top of the classroom walls.  This river runs from spawning beds through to ocean habitat and it makes a wonderful reminder of the journey successful salmon make twice!  The redds (nests) in the spawning beds are populated with the eggs of each species as the river is made ready with obstacles the students have found in their research.  Some of these obstacles could be waterfalls, dams, predators both in and beside the water, and the humans who both catch the fish and may even pollute the water with chemicals or silt.
The teams then compete answering appropriate salmon life-cycle related questions which they must discuss and answer as a group – whether it be numerical data, biological facts, anatomical details, predator lists, spelling of words or producing sketches to aid in answering the questions.  The group discusses each answer for a minute or so and then one member speaks.  No member can speak again until all members have had their turns.  In this fashion each student gets to be in the speaker spotlight and needs to provide  spoken input.  This ensured that each student got a chance to contribute equally.

As these answers are provided by the teams, their eggs hatch, use up their yolk sac, ‘swim’ down the river, spend time in the estuary (where the fresh water of the stream mixes with the salt water) and then they will enter the sea.  There they spend several ‘turns’ growing larger and avoiding hazards and predators until it is time to swim back up the river and spawn.  When a fish meets an obstacle they must answer questions in order to survive.
Movement down or up the river is dependent upon group completion of projects, written assignments, and mainly, spoken answers.  When a team is answering a question the other teams listen attentively to see if there is anything that was left out or could be contributed to garner the other team some travel points and have their fish advance.

How the fish advance along the river is up to you and your class.  You could use a metric measurement or place lines along the river to demarcate a ‘move’ or successful answer. With care from the teacher, each team progresses in a similar manner so there is an element of healthy competition that lessens the chance that one team will swim away with it all.  

Oral language, review, extension and assessment of a subject area occurs daily during this process. The students are focused, develop group skills and are highly motivated! It is an experience definitely filled with oral language and saturated with opportunities to share with parents, siblings and peers.  There is a lot of spoken language in this experience that can add to dinner table, classroom and playground conversations.  We all can be ‘green’!
What is a lab anyway and how do I write it up?

A lab (short for LABORATORY) is usually a hands-on experience where you ask nature a question and then manipulate materials to get an answer.  In its purest form, you usually control the situation very carefully by measuring amounts and temperatures, controlling the substances and then vary the situation in only one way to see if there is any difference or differences.  If you have been careful with your first situation (called the CONTROL), then any differences noted from your control with the changed circumstance may be attributed to the one change you made in your test experiment.  You can call this a FAIR TEST.

There is a vocabulary associated with scientific experiments and one word that is used a lot is VARIABLE.  A variable is anything in your experimental setup that may be changed or altered.  For instance, if you said you took a beaker of water the variables may be:


• purity of the water (river water, tap water, distilled water)


• amount of water (usually stated in millilitres or ml)


• temperature of the water (in Celsius degrees and written as xx°C)

A better way of saying this might be, “We took 250 ml of 12°C tap water.” 

We will discuss variables in the class and you will need to learn how to identify them as dependent or independent variables and you need to know how to isolate and control them.

Lab reports are designed to let other scientists know what you have done and what you have observed.  It is written to allow another researcher to exactly duplicate what you have done so they can observe the same phenomenon that you did.  A good lab report is clear, to the point, well organized and absolutely honest.  You must mention everything you did and observed so another scientist can check your work.

Experiments usually begin with a question and this question can become your title.  Questions could be:


• If salt is placed on crushed ice will the temperature of the mixture rise?


• Can we use butter to prevent a boiling saturated sugar solution from 



crystallizing?


• Does a Potassium Permanganate crystal dropped in hot water dissolve 


in a similar fashion to one dropped in and equal amount of cold water?

After deciding upon the question and writing a clear title the scientist usually describes what they think will happen and states why they are thinking this way.  It often comes after some reading or discussions with others and any other research or experiences the scientist has had.  This is called a HYPOTHESIS and it shows that the scientist has thought carefully about the experiment and is ready to observe the phenomenon accurately.  In some reports this is stated as the PURPOSE.  For our reports, I would like you to use the heading WHAT I THINK IS GOING TO HAPPEN AND WHY.  It shouldn’t be too long.  A sentence or two will be enough.

The next section of the report, which we will call WHAT WE DID, is an accurate description of what the scientist did in the experiment. Then the experiment is described in detail with materials, amounts, temperatures, and any other variables clearly noted.  Sometimes this can be done in point form.   It should have a detailed description of  what equipment was used in the setup and in many cases a labeled picture is worth a thousand words.  An example is shown at the top of the next page.

Include the clean up as a finishing sentence as it is your responsibility to clean up and store your equipment properly. A reminder for others that you did that is not a bad thing here!  Equipment left ready to be used is to be expected.

The next section of the report is WHAT WE OBSERVED and here we can use charts, graphs, descriptions, and pictures if appropriate.  It is important that we check on as many variables as we can and use as many of our senses as are appropriate.  We almost always use sight, sound and touch but scent is used very carefully and taste is rarely used.

The following section is titled WHAT WE CONCLUDED and it is in this section that you take the question from your title and see if your observations indicate whether your hypothesis was correct.  If it was not correct then that is a valid conclusion and you now know more than you did before.  You will need to support any conclusions you make with evidence from your observations section so be sure to look that over well and pull out the important facts.  No experiment ‘fails’ but if the answer surprises us it may show that we will need to go back to the question and see how we can revise it to better answer our new questions.

You are welcome to support your conclusion with information from any readings or lessons that you have learned and include the source of this information.

The final section of your report is QUESTIONS I NOW HAVE where you get to think about any questions or other experiments you might want to do to based upon what you observed and concluded.  It is your chance to suggest a research project that is meaningful to you.  List these questions as simply and concisely as you can.  They should be written so they could be questions for another investigation.  You will be invited to do some of these throughout the unit.

Now some advice - Do not work ‘in rough’ because rough work gets lost and it means you have to do the work twice.  Bring your science notebook, blank paper and writing tools (pen, pencil, ruler, eraser, felts) so you can begin the report while you are doing the lab.  

Scientists keep lab journals with dated and signed records and evidence of their work and this journal plus any computer or equipment printouts is the only record of their work needed when they get ready to produce a publication.  They keep these journals for all of their careers and often pass them on to their laboratory libraries.  Some famous scientists have left journals that are not only wonderful historical records of discovery and invention but sometimes are works of art.  You will get a chance to read some of these journal entries throughout your year in this class.

What will your journal be like?  Will it be worth saving?  Will you be proud of it?  Will I be proud of it?  
Be a scientist and work smart.  Anyone can work hard!
A Smartie Surprise – Diffusion Demo

Take a small white bowl with a flat bottom and put water in it so the depth is just over 1cm.   Now have each pair of students drop four, differently coloured Smarties to the bottom quickly and equidistant from each other.  Have the children quickly predict what they will see when the colours meet and then have one of the pair turn around.

The other student then describes what is happening to the non-observer.  Have them clean out their container, reverse the roles and to then do it again.  The new observer watches the phenomenon with the advantage of some previous observations from their partner.  They then tell their partner what happened, adding as much extra detail as possible.  There should be an improvement in the description with a second viewing 

The colours meet in a straight line because they are being driven by the dissolving sugar.  The dense solution flows away from the Smarties and the dissolved food colouring comes with it.  When two such currents meet and they are of equal concentration, they stop flowing and we can see a straight line as there is nothing to keep the colour moving.
Holey Canister Batman!

Drill six or seven 2mm holes in the bottom of a film canister and drill one hole in the lid.  If the canister with its ‘holed’ lid on is pushed under water it will fill as air bubbles out the top hole.  Cover this hole with your index finger and then lift the canister clear.   When you lift your finger the water will stream out the many bottom holes.  Science Magic!
Demonstrating the Detergent Difference

A detergent is made up of a useful molecule that is called a surfactant – it acts on the surfaces of other materials and make water ‘wetter’ by lowering its surface tension.  This makes water molecules less likely to hang on to each other and more likely to grab onto oil and grease. If you take a dropper and make a heap of water on any surface (wax paper works well) you can poke a clean toothpick into the heaped up water and the surface tension that is holding the water molecules in a heap will allow the toothpick to poke through without damaging the skin that holds the heap together.

When you dip the point of the toothpick tip into detergent and try this again the detergent surfactant almost immediately destroys the surface tension ‘skin’ and the water heap collapses.  It is a fascinating thing to watch but impossible to repeat with the same toothpick or drop of water.   Use heaps of water on wax paper for multiple experiences.  

The reason this works so well is that wax is hydrophobic and resists getting wet so the water can pile up into good heaps but when the water is made ‘wetter’ by the detergent the heap collapses.  With hydrophobic oils and greases holding dirt on our skin or in our clothing we want to have them picked up by the water and this happens when the water surfactant (detergent) is added.

Making Soil and Dissecting Soil – Effects of Erosion
A.  Take a small clear-sided 250ml canning jar (or larger) and place a few clean (3cm or so) rock pieces (100ml) in it.  Completely fill the sealer with water and put on the lid securely.  Have your students take turns to shake the jar and rocks every day for about a week or so.  The water will turn cloudy and there will be lots of small rock particles produced.  If you were to keep doing this for several months you may be able to break down the larger rocks into sand.

B.  Take a 100ml sample of topsoil in another canning jar just like the one above, fill the jar with water as before and shake it up to mix it completely.  Let the jar settle overnight and then have your students come up and look at the different layers of different sized particles and sand that separate out if left undisturbed.  



Molecular Magic Sing-along
I am a raindrop  (I am a raindrop)

High in the sky.  (High in the sky.)

Down through the cold air  (Down through the cold air)

Freezing I fly!  (Freezing I fly)

Molecules are slowing.  (Molecules are slowing.)

What will I do?  (What will I do?)

Hey I’m a snowflake - falling on you!

With thanks to Charlotte Diamond (“I Am A Pizza”). Permission and blessing granted orally.
FMKMT – Miming Molecular Motion 

(Frenetic Mimetic Kinetic Molecular Theory)

This is a model using our hands to involve kinesthetic learning and get the concept of how molecular motion affects physical change.  

For a solid the closed fists are vibrated together slowly in front of you and get faster and faster as you ‘heat’ up the solid.  When it ‘melts’ you roll the fists around each other making sure they stay in contact with each other and as you do this faster and faster the ‘liquid’ boils.

 Now move your fists at arms length and then together to collide and out again to show the molecules having large spaces between them which you can make smaller (compress or heat up the gas) or wider apart and slower (lower the pressure (expand) or temperature of the gas) to show the gaseous state.  For sublimation you go directly from solid to gas (dry ice, cold snow or ice) or gas to solid (frost).  It is a sparkling model and will help you both understand and explain phenomena you discuss with students.

Crushing a Can with No Hands!
Aluminum soda cans (not soldered juice cans) will show the effect of atmospheric pressure created by the condensation of steam within the can.  As the steam condenses into a drop of water there is a reduction of volume as the drop is about 1/200th of the volume of the steam.

Put @ 15ml of water inside a rinsed out soda can, put it on a hotplate and wait for it to boil briskly.  Make sure you have a bowl or container filled with water close to the hotplate so you will be able to plunge the can into it easily.  

When you see steam coming out of the opening and you can hear the water in a rolling boil then, using a palm up grip, carefully take hold of the can about one third of the way up the can with a pair of beaker tongs or hotdog tongs that have been bent so they will hold the can securely.

Take the can off the heat and in one smooth motion turn it upside down and immerse the top in the container of water about half way down the can.  The can should implode but if it doesn’t, then wait a second more and lift the can to see how much water it sucked in.  Let it pour out, crinkle the can a bit, and repeat.  Sometimes perfect cans do not implode, as they are too strong with no points of weakness.  (Cylinders vs. Other Shapes - but that is another lesson!)
Cloud Construction - Making a Cloud in a Jar

First take a wide mouth 4litre sized glass jar and put about 20ml of water in it.  Tip the jar horizontally and roll the water around the inside.  Pour out the excess.  Have a student hold the jar on its side on a table or desk and hold it securely for you.  Light a match, wait a few seconds and blow it out.   Immediately push the smoldering and now smoking match inside the well-held jar so the smoke is collected within the jar.  Dispose of the match carefully.  Have your helper turn the jar upright still holding it securely.   Quickly dangle a rubber glove inside the jar and fold the wristband over the jar rim to seal it while staying connected to the jar.   This will create a closed system of smoke, water vapor and air.

Now, holding the glove on to the rim so it will not come loose, reach down inside the rubber glove and pull it up to create a partial vacuum inside the jar.  What you are doing is lowering the temperature inside the jar slightly as there will be fewer molecular collisions due to the increased volume of the jar and glove complex.  This lowered temperature means the air cannot hold all the water vapor as water vapor and the excess will condense on any correctly shaped surface available to it.  Once one molecule has ‘sat down’ others can ‘sit in its lap’ and condense as well.  Smoke (carbon) particles are perfect for this as they contain many crevices that allow water molecules to attach easily.  As all the excess water molecules sit down the result is microscopic droplets with smoke particle nuclei and they show up as a cloud within the jar.  This is best observed when light is behind or beneath the jar.

Recipe for a cloud (For students) 

• Coat the inside of a wide mouth jar a thin layer of water.  

• Wait a few seconds for the water to evaporate.

• Add some smoke particles from a smoldering match.

• Dangle a rubber glove in the jar and reverse the wristband around the top 

to seal it. Hold the rubber glove on the rim tightly.

• Reach inside and pull up on the rubber glove to make the space, or volume, 

inside the jar bigger.  

•  While pulling up on the glove, hold the jar in front of or over a light and 

look for the cloud!

You have probably seen that steam from a kettle goes the other way where a cloud of water droplets evaporates into water vapor and seems to disappear. 

Cool eh?  Well, actually cooling eh!

Making a Model – The Swimming Pool Problem

This problem allows students to see the value of making a model and trying to understand how the model represents the full-scale situation.  In order to attack the problem you will need the following:


•  translucent beer cups (470ml plastic cups)


•  a bag of aquarium gravel, marbles or washed pea gravel from the play area


•  Styrofoam cups (210ml size)


•  masking tape strips about 15 cm long


•  a sink to supply water or have jugs of water available

Set up the equipment with each Styrofoam cup half filled with gravel.  This is the boatload of rocks.  The beer cups should be one third filled with water and this is the ‘small’ swimming pool.  Place one piece of masking tape vertically up the beer cup that will be where the level of the water will be marked.  Ensure that when you float the boat in the swimming pool the swimming pool does not overflow and has at least 5cm of space between the water and the top of the pool.

Read the following to the students or get the gist of it and tell it to them.  It is important that you have done the model before by yourself to make sure all your equipment and instructions will work and you understand what is happening!

A student rows out into a small swimming pool with a boatload of rocks.  When the boat has reached the middle of the pool the student stops rowing and waits for the water to become still.  When this has happened a friend on the side of the pool carefully marks the level of the water in the swimming pool by placing a mark on the tile with a waterproof pen.   
As soon as this has happened the student in the boat drops all the rocks into the swimming pool and remains floating in the boat.  The friend waits for the water to become still again and then makes another mark on the tile to show the level of the water after the rocks have been dropped in.
Now, will the second mark show that the water level will rise, fall or stay the same?

When you finish reading or describing the problem ensure that the students have understood what has happened and allow them to discuss the problem in groups of two, three or four – no more.  Tell them that after the discussion each student must have a definite opinion of what happens to the level of the water after the rocks have been dropped in the pool.  It is OK to have different opinions from each other but they must have done some thinking of the reason(s) for their opinion.

Then have each group place their masking tape strip on their swimming pool and float their boats with the gravel remaining inside the cup.  They will then need to mark the beginning water level on their tape.  DO NOT LET THEM DUMP THE ROCKS IN YET!  

Have them do another think about what will happen to the water level when the rocks are dumped into the pool and then, upon your command, they all pour the rocks in and refloat their now empty boat.  What did they see?  Remark the water level on their tape.  Now have them discuss why they saw what they think was the cause of this.

You might well ask why this experience was so teacher controlled?  My rationale, based upon my own experience, is that if you let the students go at it without your exercising control, they do not give the ‘pre-thinking’ and predicting (hypothesis formation) the time they need to become valuable scientific processes.  To their credit, most students are eager to do something and want to ‘get at it’ and see the answer.  

The difficulty with this is that a few students race at the process, often failing to understand what they are to do and often failing to follow directions.  This results in a poor experience that often has to be repeated.  There is also a visible loss of attention from those who listened well, did not make the errors or who were not listened to when they protested their group’s rush to ‘do’ the experiment and get the answer first.

When I need the experience to be an important concept developer, my answer to avoid this rush is to slow down the process to allow all students to engage in the thinking and hypothesizing steps.  This allows each student to gain the full value of what happens even though they did not actually pour the rocks into the pool.

It could be argued that students need to learn from failures. This can be better accomplished by letting students work alone where they are responsible for their own success or failure.  This is a valuable point to share with the students.  For this to happen, choose experiences where they are completely responsible for listening, reading and following instructions so that they do things carefully and sequentially.  
Reviewing the responsibilities of a group project is a good idea and stress that nothing happens until all are in agreement and ready to observe.  I don’t want students in a group to be disenfranchised by one who is careless and impulsive.

So, what happened here?  Why did the water level drop?  The reason lies in the discussion of ‘boatness’ and what boats are designed to do.  They allow objects that have a greater density than water (density greater than 1) to float. 

‘The Law of Buoyancy’ states that:  If an object has a density less than or equal to that of water, when placed in water it will float and displace an amount of water equal to its mass.  If an object has a density greater than that of water, when placed in water it will sink and displace an amount of water equal to its volume.

In general, rocks have a density of 2.6.   They weigh 2.6 times more than an equal volume of water.  1 cm3 of water has a mass of 1 g.  1cm3 of limestone has a mass of 2.6 g.  So, if 1 cm3 of limestone is placed in water, it will sink and displace 1 cm3 of water.  When the limestone is in the boat, the boat’s shape can push away enough water to allow the limestone to ‘float’. That means that 1 cm3 of limestone now is able to push away 2.6 cm3 of water!  If the boat cannot push away enough water the boat will sink.
So, when the rocks are in the boat the boat is pushing away enough water for the rocks to float and the amount they push away is equal to their mass.  When the rocks are dropped in the water they can only push away water equal to their own volume.  This means the water displaced is less and the water level drops.  Interesting problem isn’t it!

Models are of huge value to scientists.  In this case our model magnifies the answer so we can see it easily. We can’t really see the difference in water levels even in a small swimming pool but our model certainly makes it easy to detect!
One Glass of Rust Please!
If you soak a loosely formed 10cm ball of fine steel wool in vinegar and then compress it so it can be forced up inside a clear plastic glass you have the makings of an interesting rust demonstration.  Invert the glass and ensure the steel wool is wedged in tightly enough so it will not fall out.  Then place the inverted glass and steel wool in a small bowl of water and use a flexible piece of tubing slipped up inside the glass to allow air to come out as you push the glass down into the water.  While lightly pushing down on the glass pull the tubing out carefully so you are left with the water level the some on both the inside and outside.  Now wait for about 30 minutes or so.

What should happen is the water level inside of the glass should rise as the oxygen in the air is used up as it combines with the iron in the steel to create rust or ferric oxide (iron oxide or Fe2O3).  This action is accelerated by electrolytes such as salt or acids.  As the water level rises inside the glass the water level correspondingly falls outside the glass and that amplifies the result.  Because of the shape of the bowl this is a qualitative demonstration that shows that something in the air is being used in the reaction.  The steel wool inside the glass becomes red-brown as the Iron (|||) Oxide is produced. 

The Cartesian Diver – aka Dumpster Diver
How to put Descartes Before De Classe.
The classic Cartesian (René Descartes) Diver was constructed of porcelain and was difficult to understand as it was opaque but our translucent polyethylene eyedropper will let us see into the mystery.  As polyethylene floats (i.e. has a density less than 1.00) we must add a weight (the hex nut) to allow it to sink.
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Our example above seems to have a special bottle but in reality the best bottles to use are clear 1 or 2 litre soda bottles with the standard cap that is designed to withstand pressure.  We have provided a hexnut screwed onto a pipette that you must fill with water until it just barely floats.  If you leave too much air in it then you will have to squeeze hard to put pressure on the large bubble of air in the pipette. Have it just floating for best results!

The bottle should be completely filled with water with the diver barely floating at the top (1).  When you squeeze on the flexible bottle it increases the pressure of the contents (water and pipette with air bubble).  As any liquid is virtually incompressible (and therein lies the secret of hydraulics) the increase in pressure is directly placed on the bubble of air that is holding up the eyedropper/nut combination (Hereinafter referred to as the diver).  As this increasing pressure compresses the air in the bubble (2), the bubble becomes smaller (less buoyant) and the diver sinks.  When the bottle is released (3) the bubble returns to its original size and the resulting increase in buoyancy allows the diver to rise.  Make sure you carefully watch the size of the bubble when the bottle is squeezed.  Your students may want to know what is happening so make sure they observe the bubble!  As it gets smaller when the bottle is squeezed somebody will say that the bubble is being squeezed smaller.
A problem can arise when the bottle is not completely filled with water as this creates another hidden bubble up against the lid that also shrinks with the increased pressure and if the diver is not sensitive enough (i.e. barely buoyant at normal pressure) it might not sink.  (If bubbles of air get into hydraulic lines they must be bled out in order for the hydraulics to work properly.)
Another problem may be created when the bottle is turned upside down and then squeezed to make the diver sink.  As the air moves into the pipette stem, some of the air, which has risen along the inverted pipette stem, is forced out the tip of the dropper and the diver will now remain in a sunken condition with a bubble of air that sits under the cap.  This means you have to set it up again (and again and again and again and....) Good luck with it!
The Pollution Spill and the River
by Brian Herrin  (herrin@sfu.ca)

How to model a chemical spill in a flowing water system using connected siphons

One of the difficulties of modeling a flowing water system is the size of the system and the quickness of the flow often makes demonstrations difficult to visualize as things happen so quickly.  This model uses translucent plastic beer cups and clear tubing connecting them to clearly demonstrate how a river can become contaminated by a toxic spill or dump and how the toxic material slowly works its way downstream creating difficulties along the way.  The river will eventually run clean but the damage takes much longer to disappear and some damage may be permanent.  In BC we have only to look at the Cheakamus River disaster of August 5, 2005 to see the horrendous effects of such an event.

Begin by setting up a river system with six to ten separate beer cups.  There is no limit to the number you could use.  The siphon tubes to connect the tubes are made of 6.4mm inside diameter clear tubing cut into 40cm lengths. (You could use aquarium tubing and smaller plastic glasses but a slower system will result.) You will need one less tube than the number of cups you use.  For a self emptying system, the last cup can be supplied with a piece of smaller tubing with a small rock attached to the cup end of the tubing to keep it in place as it hangs over the edge and into a larger container.
Each cup in the river should be filled 1/3 with water with water-filled siphon tubes between each cup in the line as in the diagram on the next page.   To fill a siphon tube, lower one end into a filled pail of water and slowly lower the other end of the tube into the water allowing the air to escape.  When the tube is completely filled cover the ends with your index fingers, lift the tube out of the pail and place the ends of the tube into two of the side by side partially filled cups above, releasing your fingers when the tubes are under the level of the water in the cups.  If you get a small bubble in the tube, lift one of the cups to allow the bubble to be forced out of the tube by the flow of water from a higher to a lower level.  Repeat until all the cups are connected and the tubes are completely filled with water.  Any large air bubbles may disrupt the flow so get rid of them now.
 To each of the cups add 2 tbsp (30ml) of an acid base indicator made by cutting up a few red cabbage leaves into small pieces and placing them in one cup (250ml) of boiling water.  The water should turn a purple colour.  If it is not dark enough, remove the cabbage pieces and put in another chopped up leaf or two.  To each cup you can now add a teaspoon full of a baking soda (sodium bicarbonate) solution made by mixing 1 tsp (5ml) of baking soda into 1/2 cup (125ml) of warm water.  When the baking soda solution is placed in the cups of purple water it should turn the water in the cups a light blue.  You should now have all the cups filled to the same level with light blue water and connected by clear, water-filled tubes.  It is essential that all the tubes be filled with water and all the cups are the same colour before you have a toxic spill.

This is now a model of the river before the toxic spill although the water is not flowing at this time. Let your students know that each cup is representing only one section of the river.  Tell the story of the Cheakamus River spill in that the railway tank cars were filled with very dangerous caustic soda and were travelling up to Prince George.   There was a derailment on the way and the tank cars tipped into the Cheakamus Rive spilling the chemical.  Mention that the toxic chemical (vinegar) that we will spill into our model river will ‘kill’ organisms in the river if the blue river water receives enough vinegar to turn the water pink.  

When that is clear, use four or five fast-food vinegar packets as train cars, open them and empty them into the first cup.  

You should see the water in the first cup immediately change to pink. Then fill the first cup with plain water and keep it filled as it gradually empties as the higher level of liquid in the cup will result in the water flowing through the tube into the next cup and that cup will change to pink and similarly the next and the next until all the cups are now pink.  
By placing a 50cm smaller, water-filled tube made from aquarium tubing into the last cup and draping it over the edge of the table or chalk ledge you can let it pour into a pail so your river will keep flowing as the cups gradually empty.  You must anchor this tube in the last cup with a rock that is fastened to the tube with an elastic band.  Put in this tube when the last cup is about 3/4 full and don’t let the cup completely empty lest you lose the siphon effect of the river.

If you keep adding water to the first cup your model river will gradually run clear. You do not need to have a tube if you empty the last cup now and then without losing the siphon effect.  Emphasize that the model river has cleaned itself up but the organisms that have died are gone and until the river repopulates from upstream or downstream where the toxic chemical has been diluted enough, the river is dead along that stretch.  
It is a very powerful model that is not soon forgotten and, if you accompany the demonstration with the information surrounding the chemical spill along the Cheakamus, it is a real eye opener on how much damage can result.  Something to remember is that we all live downstream from somewhere.
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Experimenter__________________ Date_________

How do siphons work? Part I

What I Did- I took two large, see-through plastic cups, each filled one third with water, and connected them with a see-through plastic hose that was completely filled with water.  I waited for 30 seconds and then added three drops of food colouring to one cup.  I then thought about what might happen if I added squirts of water to this cup of coloured water.

(Make a note below under What I Observed)

I then took a pipette and added one squirt to the coloured cup.  After watching to see what happened I added ten more squirts, watching what happened after each squirt.  After watching that, I added one half cup of water slowly and made my final observations.  I then emptied and rinsed out my cups and tubes and replaced them on the bench.

What I think is going to happen and why-

What I observed (Diagrams may help here)-

What I found out (concluded)-

Questions I now have -

Baster Pumps

A simple lift pump can be created by using a good quality nylon turkey baster that has had a hole drilled in it away from a seam and about 2cm below the rubber bulb.  Take the bulb off and insert a marble into the baster so it will roll down and create a one-way valve (will let water in but not let any water out) inside the narrowing of the baster.  Then, using a small elastic band (orthodontic elastics are great for this) hang a piece of balloon rubber (3cm x 3cm) down on to cover the outside of the drilled hole so it will act as a one way valve (will let the water out but air cannot get in) at the top of the baster.

Now by placing the baster so the bottom is immersed in a small container (margarine container) of water you can load the baster with one squeeze and the next squeeze will force out a jet of water that will certainly dampen anybody’s spirit.

Crushing a Can

Aluminum soda cans (not soldered juice cans) will show the effect of atmospheric pressure created by the condensation of steam within the can.  As the steam condenses into a water drop there is a volume reduction as the drop is about 1/200th of the volume of the steam.

Put @ 15ml of water inside a rinsed out soda can, put it on a hotplate and wait for it to boil briskly.  Make sure you have a bowl or container filled with water close to the hotplate so you will be able to plunge the can into it easily.  When you see steam coming out of the opening and you can hear the water in a rolling boil then, using a palm up grip, carefully take hold of the can about one third of the way up the can with a pair of beaker tongs or hotdog tongs that have been bent to hold a can.

Take the can off the heat and in one smooth motion turn it upside down and immerse the top in the container of water about half way down the can.  The can should implode but if it doesn’t, then wait a second more and lift the can to see how much water it sucked in.  Let it pour out, crinkle the can a bit, and repeat.  Sometimes perfect cans do not implode, as they are too strong with no points of weakness.  
Geysers
A very simple and effective model geyser can be made from a coffee urn with a about 10cm of water in it.  You must leave the lid off but you will need the stem for the geyser and the coffee basket to hold it upright.  Do not let children stand close to it as it does spray out just boiled water.  It is best done outdoors with a long extension cord.

After a few seconds the urn can be heard working as the little boiling pot in the middle of the urn bottom heats a small amount of water to boiling and the resulting expansion of the water vapor pushes the water up the stem and out the top.  When this happens cold water fills the boiling pot and in a few seconds that water will heat, boil, and the steam bubble wil push the hot water in the stem up and out.  As the water gets warmer this happens faster and faster and the water shoots higher and higher.  
The coffee urn geyser is a great example of how water in the cracks of the solid rocks just above a magma ‘hot spot’ boils and the resulting pressure works its way up the cracks until any water in them shoots out of the surface and then usually drains back to repeat the cycle. 

Carl Sagan’s (edited) answer to the following question:

“Do you have any thought on what path might be taken to remedy the bad name of science?”
I think one, perhaps, is to present science as it is, as something dazzling, as something tremendously exciting, as something eliciting feelings of reverence and awe, as something that our lives depend upon. If it isn’t presented that way, if it’s presented in very dull textbook fashion, then of course people will be turned off.  If very little is demanded of our students in terms of homework and original class time; if virtually every newspaper in the country has a daily astrology column and hardly any of them has a weekly science column; if the Sunday morning pundit shows never discuss science, if every one of the commercial television networks has somebody designated as science reporter but he/she never presents any science (it’s all technology and medicine); if in all of television there are no action-adventure series in which the hero or heroine is someone devoted to finding out how the universe works; if spiffy jackets attractive to the opposite sex are given to students who do well in football, basketball, and baseball but none are given in chemistry, physics, and mathematics; if we do all of that, then it is not surprising that a lot of people come out of the educational system turned off, or having never experienced science.
It has been the intent of the author, Brian Herrin, to assist with understandings and demonstrations of phenomena that will enable you to approach science confidently and with some workable designs for strategies, activities and demonstrations that work and require a minimum of equipment.  If there are any suggestions, errors or omissions please let me know at the email address below each page so I may correct the master text.  
Here is a wonderful credo written in a Grok by  Piet Hein.

The road to wisdom? -  Well, it's plain 
And simple to express.
Err and err and err again 

But less and less and less.
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