Playing with Pascal
Curriculum connections
Grade 8 Science, Cluster 3: Fluids

· 8-3-01 – Use appropriate vocabulary related to their investigations of fluids.
· 8-3-09 – Recognize that pressure is the relationship between force and area, and describe situations in which pressure can be increased or decreased by altering surface area.
· 8-3-11 – Compare the relative compressibility of water and air, and relate this property to their ability to transmit force in hydraulic and pneumatic systems.
· 8-3-13 – Compare hydraulic and pneumatic systems, and identify advantages and disadvantages of each.
· Note: This investigation will serve as an excellent precursor to 8-3-14 – Use the design process to construct a prototype that uses a pneumatic or hydraulic system to perform a given task.
Materials required
· ring stand and test tube clamps

· syringes of various sizes (for example, 1 cc, 3 cc, 5 cc, 10 cc) – any ‘piston-like’ objects will do, but syringes are conducive to quantitative measurement for the subsequent investigation due to their graduated markings
· vinyl tubing (1/4” diameter)

· fluids – water, oil, alcohol, etc.

· glycerine, petroleum jelly (to improve the seal in the syringes and to ease plunger movement (lubrication))
· masses – 100 g and 200 g (or objects representing similar masses)
Instructional sequence

· Prior to class – Set up the demonstration as follows: Clamp one syringe (5 cc) to each test tube clamp and affix these to the ring stand. Be sure to use syringes of the same size (e.g. 5 cc and 5 cc). The plunger end of both syringes should point upward. Connect the two syringes with a length of plastic tubing (approximately 15 cm). Fill this system with water.
· When your class is ready, have the students gather around the demonstration apparatus. Ask them to identify what they are seeing (syringes, tubing, water).

· Begin with the plunger of one syringe at the top (e.g. at the 5 cc mark) and the other at the bottom (e.g. at the 0 cc mark). With your thumb, press down on the syringe with the plunger that is out. Students will observe that the plunger in the second syringe will move upward. Ask them to consider why this is so, but do not provide them with an explanation.

· Place the smaller (e.g. 100 g) mass on top of the plunger of one syringe and the larger (e.g. 200 g) mass on the plunger of the other syringe. (Depending on the sizes of your masses you may need to use some sort of a platform to balance the mass on top of the plunger. Boxboard or cardboard will usually suffice.)
· Students will observe that the plunger with the heavier mass will go down. Explain that the larger mass produces more downward force than does the smaller mass and therefore goes down, causing the smaller mass to rise. Do not provide any more explanation than that yet.
· Have the students predict what would happen if you instead used syringes of different sizes. 
· Repeat the demonstration with syringes of different sizes (for example, 3 cc and 10 cc), placing the larger mass on the larger syringe (this is key).
· Students will observe that this time, the larger mass will be lifted. They  will likely be surprised by this. (Note: The larger the difference in syringe sizes, the more dramatic your results.)
· Ask the students to suggest possible explanations to this discrepant observation. Why is the smaller mass able to lift the larger mass?
· Carefully and clearly explain the science behind these observations before guiding the students into the investigation.
· Optional means of increasing student engagement: involve student volunteers to assist with the placement of the masses, changing of the syringes, etc.
Explanation of the science
· In order for students to fully grasp the concepts discussed, it is crucial that they clearly understand the particle nature of matter.

· Begin with a role play in which students (volunteers might increase engagement) act as water particles. Using masking tape, outline an area on the floor which will act as a container for the water. 
· Place the students inside, ensuring that they are tightly packed. Explain that, in a liquid, the molecules are very close together. 
· Next, use a large piece of cardboard (for example) and “push” on the water particles from one side of your container. This simulates a force on plunger of the syringe (i.e. your thumb or a mass) causing it to go down. The students should understand that they will not be able to get any closer together because the particles in a liquid are quite close together. (Be sure to use the phrase “The water cannot be compressed”.) As a result, they will simply “press harder” on the sides of the container. Explain that this is results in an increase in pressure inside the container. 
· Use a second large piece of cardboard to act as another plunger on the opposite side of the container. You may wish to use student volunteers to hold it in place. Have the students consider what would happen to this second plunger when the first plunger (cardboard) is pressed toward the inside of the container. Demonstrate this using the student water particles. The students should realize that the water, when pressed by the first plunger (cardboard) will then press on all sides of the container, including the second plunger. Thus, the second plunger will be pressed outward. Point out that the water is transmitting the force from the first plunger to the second. Emphasize that it can do so because the particles are so tightly packed. Otherwise, the force from pushing the first plunger inward would simply push the water particles closer together.

· You may wish to liken this to hitting a solid metal bar on the ground with a hammer. The force with which you strike the end of the bar will be transmitted through the bar and will “come out” the other side, driving the metal bar into the ground. The particles in the bar cannot be packed any more tightly, so they will transmit the force.
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Your role play should look something like this:
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· You may wish to follow this with a diagram on the board or overhead projector with a repeat explanation. Your drawing of the pressure being exerted uniformly by water particles in a closed container might look something like this:



Continue the explanation as follows:

· When you push down on the plunger (a force), you create a certain amount of pressure inside the container (syringe). Tell the students that the amount of pressure inside the container (syringe) depends on the amount of force applied to the plunger (how hard it is pushed) and the surface area of the plunger (cardboard in the role play).

· Ensure that they understand that, according to Pascal’s law, the pressure exerted by the fluid will be the same in all parts of the container. In other words, any force applied to a fluid is transmitted in all directions throughout the fluid, even if the fluid is in two different containers (syringes) connected by tubing. Emphasize that the shape and size of the second container will not affect the pressure.
· In this demonstration, the pressure will be the same in all parts of the system – the first syringe, the plastic tubing and the second syringe, regardless of its size (i.e. even if it is bigger than the first syringe). Students may not understand that the pressure will not decrease in a larger syringe – they may believe that the pressure will “spread out.” Do not proceed with your explanation until students understand the uniformity of the pressure. A drawing may assist in their understanding:















· The pressure in the second syringe will create a force on the second plunger, pushing it outward. 

· The amount of force produced by this second plunger will depend on the pressure inside the syringe and the surface area of the plunger. If the two syringes are identical, then the force produced by the second plunger will be the same as that exerted on the first plunger.

· At the same time, the bigger the syringe, the bigger the plunger surface area and the more force it will produce. This is why, in the second part of the demonstration using syringes of two different sizes, the smaller mass was able to “lift” the larger mass.

· Students should clearly understand that using one small syringe (as input) and one large syringe (as output) is a good way of increasing force. 
· When you have finished your explanation, you can tell students that in mechanics, the use of fluid (water) power in this way is called hydraulics. At this time, you may also wish to introduce the term pneumatics.
Safety concerns
· Be sure to remove the needles from the syringes prior to the demonstration and investigation.
· Remind students that liquids used in the laboratory are not to be consumed.
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Playing with Pascal

Doing your own investigation

Introduction

In our demonstration, you observed two syringes filled with water and connected by vinyl tubing. You saw that when we used a small syringe and a big syringe, a large mass could be lifted by a smaller mass using hydraulics. When we pressed down on the first plunger, a force was created inside the first syringe, the tubing and the second syringe. According to Pascal’s law, a pressure exerted by a fluid in a closed container is the same everywhere in that container. Because the water particles are so close together already, we say that the water cannot be compressed. So, the force we apply on the water with the first plunger is transmitted through the first syringe, through the tubing, into the second syringe, and onto the second plunger. Because the amount of force on the second plunger depends on the pressure on it and the size (surface area) of the plunger, the force created by the second plunger (the bigger one) was bigger than the force we “put into” our system.

In this activity, you are going to use what you have just learned to design and carry out an investigation. You will plan it, perform it and analyze your results. 

Your question

Use the diagram below to help you come up with a question about this activity you want to investigate. For each part of the demonstration you saw, think of what you could change about it and if that change might affect how the system works. For example, consider how we could change the fluid in our syringes. Instead of water, we could use air, oil, or some other fluid.


Now think of 4 questions you might like to investigate. Sometimes it is helpful to start with “What if I…?”

For example:
(a) What if I used air instead of water? Would that create more force?


(b) Would using a longer piece of vinyl tubing make it work better?

(c) What would happen if I used a big syringe (to act as the “in”) and a small one (to act as the “out”)?

List your questions here:

1.

2.

3.

4.

Circle the question you would like to investigate today.

Your plan

Use the framework below to help you plan the investigative procedure you will use to answer your question. Remember you are designing a fair test. You want to be sure that what you have changed is affecting what you will measure and that nothing else is affecting your investigation.

What will you change?

How will you change it?

What will you keep the same?

What will you measure?

How will you measure it?

Using the information you have just given, write out a method of fairly testing your question. In your plan, remember to do many trials to help ensure that your results are accurate. Start by listing what materials you need, then write out your plan as a series of steps (1., 2., 3., etc.). Including diagrams might help. (You can use the back of this page if you need.)

Your predictions

What do you think the answer to your chosen question will be? Explain why. Think back to how we explained the demonstration.

Your results

Construct a data table to display the results of your investigation here. Be sure to include the results from all trials. (You may use the back of this page if you need.)

Analysis of your results

· Describe your observations. What did you see when you performed your investigation?

· Were your results as you had predicted? If not, how were they different? 

· Explain why you saw what you did. Include observations you expected and those you did not expect. Again, for help, think back to how we explained our demonstration.

· Was this a fair test? Did you get the same results every time you repeated the test? If not, why not?

Summary and Conclusions

· Based on your investigation, make a conclusion about what you have observed. For example, “Using hot water instead of cold water in our hydraulics system did not produce more force.”

· Now that you have performed your investigation, can you think of any new questions you would like to investigate (different from the ones you listed at the beginning)?
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