Heavy News

Materials


1 wooden meter stick

1 large sheet of newspaper

1 8.5x11 sheet of paper

1 hammer

Sturdy table, or other flat surface at about waist height

Connection to the Curriculum

Our discrepant event can be used to introduce students to and help them understand numerous topics within the science curriculum from grade 5 all the way through to Senior 2.  There are numerous forces and principles involved in this event that must be understood to have a sense of why the outcome occurs. The metre stick acts like a class one lever with the edge of the table serving as the fulcrum. The forces acting on the overhanging end of the metre stick are the force of gravity as well as the applied force delivered by the hammer. The forces acting on the covered end of the metre stick are the force of gravity, the weight of the paper, and the force applied by atmospheric pressure on the paper that is transferred to the covered end of the metre stick.  The newspaper functions to increase the surface area of the covered end of the metre stick which greatly increases the atmospheric pressure that acts on it.  Since gravity is involved in every system on earth, this is a useful discrepant event for describing the effects of gravity.  However, this discrepant event can be used to describe basic levers, applied forces, atmospheric pressure (which accounts for the discrepancy), and can be further to applied to an understanding of how atmospheric pressure gradients affect the earth (i.e. weather conditions).

The Specific Learning outcomes covered by this event relating to basic forces and levers are:

SLO 5-3-02 Investigate a variety of levers used to accomplish particular tasks in order to compare them qualitatively with respect to fulcrum position, applied force, and load. 

SLO 7-3-04 Identify internal forces acting on a structure and describe them using diagrams.

SLO 7-3-05 Identify external forces acting on a structure and describe them using diagrams.

The Specific Learning Outcomes relating to atmospheric pressure are:

SLO 5-4-01 Use appropriate vocabulary related to their investigations of weather – include barometric pressure.

SLO 5-4-03 Describe properties of air – has mass, weight, and volume, exerts pressure, moves from high pressure to low pressure. 

SLO 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.

SLO 8-3-14 Use the design process to construct a prototype that uses a pneumatic or hydraulic system to perform a given task.

SLO S2-4-04 Explain the formation and dynamics of selected severe weather phenomena.

SLO S2-4-03: Explain effects of heat transfer within the atmosphere and hydrosphere on the development and movement of wind and ocean currents.

This is a highly educational discrepant event because it allows students to see the visible forces acting on the system as well as experience the effects of the invisible force of atmospheric pressure in an entertaining way.  This understanding of the significance and power of atmospheric pressure will help students better understand how atmospheric pressure gradients drive weather patterns and can create severe weather patterns. 

Script

1. Place the yard stick flat on the table with approximately 30 centimeters hanging over the edge.

2. Ask students what they think will happen when you strike the over-hanging end of the stick with your hammer.

3. Hit the over-hanging end of the yardstick with the hammer.  Observe as the other end flies into the air.

4. Discuss briefly with students about why this happened.  

5. How could this be prevented?  Have students suggest that you weigh the other end down with something before trying again.

6. Have the students predict whether or not a single sheet of newspaper will be enough to hold down the yardstick.

7. Replace the yard stick in its original position.

8. Place one sheet of newspaper over the section of yard stick that is on the table (position the yard stick so that it fits directly under the crease in the paper)

9. Smooth all of the air out from under this paper working from the center outwards 

10. Strike the over-hanging end of the yard stick with the hammer (end of the yard stick should break off)

11. Ask students why they think that this outcome took place.  Discuss the effects of the air pressing downwards on the paper.

Possible Modifications:

· This activity could be demonstrated with various sizes of paper. The students should take note of how the outcome changes, and why might this be the case. Unfortunately, the “applied force” when the hammer is struck is difficult to control, so the outcomes may be variable.

· This event could be repeated with a torn newspaper, full of holes. Again, the students should take note of how the outcome changes, and why might this be the case. Discuss the equalizing of the air pressure, and the loss of a pressure gradient, in terms of how this affects the outcome. 

Theory and Explanation

What is air pressure? Air pressure is the force exerted on all things by the weight of air molecules. The force exerted on 1 square centimeter is about 1 kilogram. Therefore, the force acting on a sheet of newspaper (~1m2) is approximately 10,000 kilograms. Since there is space between these particles, they can be compressed to create a high-pressure system, or, conversely, disperse to create a low pressure one, thus changing this force. This relatively massive force goes unnoticed by organisms on Earth due to our own internal pressure. There is air within our body, which counterbalances the pressure outside. Therefore, there is no pressure gradient, so the force of the air molecules does not affect us. 

In this demonstration, there are two main forces acting on the meter stick: the applied force of the hammer, and the force of air pressure. Many students will fail to recognize the presence of this second force; this event will demonstrate how significant air pressure actually is. 

When the meter stick is struck without the covering of newspaper, it flips off the table. This predictable outcome results because the applied force of the hammer is much greater than the air pressure acting on the relatively small surface area of the meter stick. 

However, when a large sheet of newspaper is laid over the meter stick, the surface area greatly increases. The air pressure now acts on a much greater area than in the previous situation. As the meter stick attempts to lift off the table, the space between the table and the newspaper is lower pressure than the air above; a pressure gradient now exists. The greater pressure acting downward on the newspaper and meter stick holds them in place on the table, while the end of the board simply breaks off. 

If the board is stuck too slowly, then air will be able to move under the edges of the newspaper, causing the pressure to equalize. This will result in a much greater applied force, and the board will flip.
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Diagram 1. Forces acting on the meter stick and paper. 

Educational Value

This discrepant event could be used in both a unit on force as well as on weather. In a unit on force, the strength of this activity would be in its ability to stimulate the students to think past observable forces, and consider other forces acting as well. In a unit on weather, this event allows the students to observe first hand the impact and power of atmospheric pressure. This is a difficult, abstract concept, and this activity makes it more tangible. 

This event could be used in conjunction with a similar event – Vacuum-packed Student – to further demonstrate differential pressure, and the force of air pressure.
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