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Strange liquids: Newtonian and non-Newtonian liquids in the primary school classroom
Angela Schipper, Hillcrest Normal School

Introduction: review of the states of matter

www.sciencelearn.org.nz/resources/1499-states-of-matter
Science concepts

· Everything that has mass is made up of matter.
· There are five states of matter.
Solid 

· Holds its own shape.
· Hard to squash.
· Molecules are closely packed together.
· High density.
Ask six students to become molecules in a solid object and stand very close to each other. Can they move?

Liquid

· Takes on the shape of its container.
· Still difficult to compress/squash.
· Molecules are less densely packed.
· Molecules are able to move around and slide around each other.
The six students are now water molecules. Give them a bit more space to move around and between each other.

Gas

· Gas will fill any container, but if not sealed, it will escape (i.e. helium balloon).
· Easily compressed (i.e. gas bottle for barbecue, dive tanks, hydraulics for automotive repair).
The six students are now oxygen molecules. They have lots of space to move around (and occasionally collide).

Plasma

· Similar to gas. 

· Carries an electrical charge, electricity can move through it.
· Atoms are all excited, full of energy, give off light.
· Examples – some fluorescent lights, neon (like Burger King), lightning, the Sun, plasma TVs.
Bose-Einstein condensates

· Involves very, very cold temperatures and is tricky to understand – save it for high school!

Matter can change states. It does this by either using or releasing energy.

Activity: Changing states

· Materials: electric hot plate, 2 saucepans, water, ice.
· Heat water/ice in one saucepan until boiling. Place ice in a second saucepan and hold it above the steam until condensation forms on the bottom of the pan and begins to drip back into the boiling pan (or onto the students!).

· Students explain how water moves from solid to liquid to gas and back to liquid (and solid if we put it in the freezer).

Liquids

www.sciencelearn.org.nz/resources/1501-liquids
Science concept

· Liquids have properties that classify them as liquids.
What makes a liquid a liquid?

· It takes the shape of the container it is poured into. (Demonstrate by pouring water from one glass to another, then spill some – a spill conforms to the shape of the table or floor.)

· Liquids have a boiling point > gas.
· Liquids have a freezing point > solid.
Activity: Is this a liquid?

· Materials: $2 Shop shot glasses, water, juice, milk, oil, tomato sauce, honey and custard in their original containers. Prior to the session, pour a small portion of these liquids into an ice cube tray to make ice blocks. 

· Discuss whether the items are liquids. Can you pour them? Ask students to pour the items from their containers to a shot glass. Watch as the fluids flow (or not). Encourage students to discuss attributes of each liquid. (Water, juice, oil, and milk all pour easily. Tomato sauce is thicker and pours more slowly. Honey and custard flow very slowly due to their viscosity.)

· Look at the ice blocks and discuss attributes. Can these items be solids? Do they return to liquids? Can we turn them into gases? What does it take for these liquids to change states? (The energy involved in freezing or heating.) 

Viscosity

www.sciencelearn.org.nz/resources/1500-viscosity
Science concepts

· Viscosity is a measure of a liquid’s resistance to flow.
· High viscosity > high resistance > flows slowly.
· Low viscosity > low resistance > flows easily.
Use the students’ comments about how the liquids pour to introduce viscosity. 

Challenge them to a liquid race. Which liquids would they choose if they wanted to pour the fastest? Attempt trials with various liquids of their choosing.

Introduce the concept of viscosity – a measure of a liquid’s resistance to flow.

Compare the viscosity/flow of water with that of honey, discussing their resistance to flow. (Define the concept of resistance by using role-play.) 

· Teacher: (using authoritative voice and shaking your finger at the container of  water) “Water! Pour yourself out of that cup right now!”

· Water: (using an eager voice) “Yes Miss, Off I go!”

· Teacher: (using authoritative voice and shaking your finger at the container of  honey) “Honey! Pour yourself out of that cup right now!”
· Honey: (defiantly) “Yeah, yeah, I’ll do it when I feel like it.”

Discussion: Why is viscosity important? 

· Materials: bottle of shampoo, container of water.

· Pretend you are in the shower and you want to wash your hair. If your shampoo had the viscosity of water, what would happen? (Pour a bit of water into your hand and attempt to place it on your head.)

· Shampoo has a higher viscosity, what difference does this make? (Pour a bit of shampoo on your palm and hold your palm up to mimic placing the liquid on your hair.)

Continue discussing the importance of viscosity using examples (motor oils, blood, magma, spaghetti sauce).
Activity: Observing viscosity
· Materials: various liquids – milk, juice, water, custard, tomato sauce, honey, dishwashing liquid, shampoo (avoid oil as it is too hard to clean up spills), plastic shot glasses ($2 Shop).
· Either have a bucket of warm water available for students to rinse out their cups or mark the cups with an initial to identify which substances are poured into which cups, i.e. cups marked with a C only have custard poured to and from them.

· Remind the students that they are observing viscosity, not making mixtures!

· Partially fill glasses with a variety of liquids. Students pour the liquids into a second shot glass, while observing the viscosity/flow.

Activity: Racing marbles
www.sciencelearn.org.nz/resources/1505-racing-marbles 
· Materials – 4 tall, thin jars (I use Pam’s sliced olive jars – cheap to buy and they have a lid), water, shampoo (VO5 has a clear, very viscous shampoo and is cheap to purchase), dishwashing liquid, honey (choose the most viscous dishwashing liquid and honey on the supermarket shelf – viscosity varies widely between brands), marbles, stopwatch, slotted spoon (I found a slotted spoon worked well to retrieve the marbles and was quicker to use than a sieve), paper towels (to clean the spoon after each use).
· Discuss the fair test concept. (All variables are the same except for the liquid.)
· Emphasise the need to begin each trial in the same place – with the marble level at the top of the jar.

· Students carry out the test 3 times, recording their times on the activity sheet.

· The following website offers an animation similar to the above activity. Students can watch the animation and compare their results. www.ngfl-cymru.org.uk/vtc/Phase2delivery/Wales/Science/Keystage2/Materialsandthe/Floatingandsink/Introduction/default.htm 
Non-Newtonian fluids

www.sciencelearn.org.nz/resources/1502-non-newtonian-fluids 
Science concepts

· ‘Normal’ liquids (Newtonian fluids) behave in a given way.
· Non-Newtonian fluids change their viscosity or flow under pressure or force.
Newtonian liquids

Give a brief overview of Isaac Newton and his role in developing science concepts (gravity, calculus, Royal Society, etc.)

Newton described how ‘normal’ fluids or liquids behave:

· Liquids, like water or juice, are normal liquids.
· They flow smoothly.
· They take the shape of the container. 

· They have a constant viscosity.
· Some liquids don’t follow this rule – non-Newtonian liquids.
Stress or force

Define stress or force so students understand the terms:

· Force – a push or a pull that causes an object to change its shape, direction and/or motion.

· Stress – a force applied to a body.

Demonstrate force as appropriate using materials at hand, i.e. crumple paper.

Activity: Force can change the shape of some liquids.

· Materials: water, tomato sauce or custard.

· Pour some water (a non-Newtonian liquid) onto the table top. Does water take the shape of the container I poured it onto? (Yes, the level shape of the table.) Does adding force by pressing my fingertip into the water change its shape? (No.)

· Pour some tomato sauce or custard (Newtonian liquids) onto the table top. Does tomato sauce take the shape of the container I poured it onto? (Yes sort of, the level shape of the table.) Does adding force by pressing my fingertip into the sauce change its shape? (Yes, with good quality tomato sauce, a hole will remain after the fingertip is removed.)

Non-Newtonian fluids change their viscosity or flow under pressure/force

Some liquids get thinner and flow more easily:

· Tomato sauce flows more easily if you shake or hit the bottle.
· Honey gets runnier if you stir it. 

Some fluids get thicker and act like a solid:

· Cream gets thicker when you stir it.
· Oobleck acts like a solid when squeezed and returns to a liquid and oozes when the pressure is removed.

Activity: Danger – quicksand!
www.sciencelearn.org.nz/resources/1507-danger-quicksand 
· Materials: cornflour, water, ice cream containers.
· Note: in spite of every precaution, oobleck ends up everywhere. This activity is best experienced outside, in the grass if possible. Otherwise, seat the students on concrete and allow any spilled/dripped oobleck to dry, then sweep it away.

· Make up several containers of oobleck and let the students experience the changing nature of the substance.

· Continue with the activity as per Danger – quicksand!

Activity: Walking on custard
www.sciencelearn.org.nz/resources/1508-walking-on-custard 
Follow up Danger – quicksand! with the video of Brainiacs walking on a swimming pool full of cornflour custard. Refer to the activity for ways with which to use the video.

Transfer from the classroom to the real world

www.sciencelearn.org.nz/resources/1498-sick-cows-soap-and-science
www.sciencelearn.org.nz/resources/1503-oobleck-versus-flubber
Science concepts

· Scientists use properties like viscosity to help them solve real-world problems.
· Even students can be scientists.
Look over the two articles with the students to see how the science concepts of viscosity and non-Newtonian liquids have been used to help with real-world projects.

The story of how Shaan Singh-Prahar (aged 13) and Jerram Bryant (aged 12) used oobleck to win the 2009 NIWA Regional Science Fair is an excellent way to show students that anyone can be a scientist, provided they follow scientific protocols. The boys got their idea for the project by playing with oobleck during a science lesson.

Evaluation

Use the activity Slumpy solids or lumpy liquids as an evaluation of students’ understanding of Newtonian and non-Newtonian liquids.

www.sciencelearn.org.nz/resources/1506-slumpy-solids-or-lumpy-liquids 
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