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1. Introduction

The teaching of “friction”, or particularly “air friction”, is included in the syllabus of integrated science (secondary 2) and physics (secondary 4). This teaching plan is subject to S.2 students. It also works for S.4 students after suitable modification.

2. Basic concepts
Friction appears in daily life. It is a contact force involving two surfaces. When two surfaces move against each other, an opposing force is introduced due to the tiny bumps on both objects.

When one of the object is air, air friction is introduced. Similar to other friction, air friction will oppose the motion of the object. An object designed in streamlined shape can reduce the air friction.
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Most rockets and space shuttles are designed in streamlined shape. This practice greatly reduces the air friction and allows rockets and space shuttles to move with a faster speed. Accordingly, huge amount of fuels can be saved, and a longer journey is then possible.

To get a feeling of air friction in daily life, we will carry out the following activities. First part is the teacher demonstration. The second part is the student activity.
3. Teacher Demonstration
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 Activity A
Apparatus: a I.S. textbook and a piece of A4 size paper.
Procedures: 

1. Teacher drops the textbook and the paper at the same time from the same height. 
2. Students are asked to determine which one hits the teacher bench first.
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Expected result: The textbook hits the bench first.

Question to students: 
1. Why does the book hit the bench first? (It is an open end question. Teacher may invite various answer from students.)

2. Is it because the book is heavier than the paper? (No, it can be proved by the following activity.)
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 Activity B
Procedures: 

1. Grasp the paper into a ball. 
2. Drop two objects again. 
3. Determine which one hits the teacher bench first.


Expected result: They hit the bench at the same time.

Explanation: The weight of the paper does not change. Hence, the shape of the paper determine the time of drop. A piece of flat paper experiences greater air friction than a paper ball does. In fact, if there is no air friction, a piece of paper would drop as fast as the textbook. It can be shown by the following two activities.
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 Activity C
Procedure: Put the paper below the book and drop them together.


Expected result: They hit the bench at the same time.

Explanation: Some students may think that the book pushes the paper downwards so that they move at the same speed. Is it really the case? If the book and the paper are interchanged, is the result the same? It is shown in the following activity.
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 Activity D
Procedure: Put the paper above the book and drop them together.


Expected result: Surprisingly, they move downwards at the same speed!

Explanation: When the paper moves behind the book, air friction is greatly reduced. Hence, the paper moves as fast as the book.

Further explanation: Galileo said that any two objects of the same weight will drop with the same speed. He has done an experiment on Tower of Pisa to verify his prediction. 

Note to teacher: For S.2 students, mention of difficult physics terms should be avoided. Teacher should try to use merely the concepts of force, friction and weight to convince students. In fact, the actually reason involves air pressure and Bernoulli equation. A schematic diagram is shown below.

4. Student Activity
Apparatus: one piece of A4 size paper for one to two students, a ruler.
Activity aim: By dropping a paper cone and a paper box, students realize that an object of streamlined shape experiences less air friction.

Procedure:
1. Take out a piece of A4 size paper. Cut the paper into two halves. One piece for box, one piece for cone.


2. Fold the first piece into equally four sections.

3. Overlap two ends of the paper to obtain a triangular box as shown.


4. For the second piece, first fold it into half as shown.


5. Fold the paper along two diagonals.


6. Fold the two bottom corners to the edges of the diagonals. 


7. Fold the two top corners backwards as shown.


8. Finally, twist the paper to form an irregular rectangular cone. At the position where two ends meet, a small “bag” should be found so that students can insert one end to the bag to form a firm cone.

9. Drop the box and the cone from the same height at the same time. Determine which object hits the ground first.


                     
[image: image5]
 
Expected result: The paper cone should hit the ground first.

Explanation: The paper cone is more streamlined in shape. Air friction exerted on the cone can be reduced and hence the cone will hit the ground first.

Note to teachers: 

1. The main idea is to avoid the use of glue and scissors during lesson. The more equipments involved, the more messy the class. Waste paper, which should be easily available in campus, can be used for environmental protection.
2. This teaching plan has been really carried out and the participation of S.2 students is found to be very good. Most of them enjoyed folding the paper box and cone and they found the result interesting. 
3. Some weak students may fail to follow the instruction for folding the paper cone. Explicit guidelines may be given to them. The most difficult part is twisting the paper to form a cone. Teacher should invite talent students to help the others.
4. Teachers may first demonstrate the folding of paper cone. A huge size paper (e.g. A3 paper) is recommended.

5. Students should drop the box and cone towards the ground rather than the desk. The time difference of the former is more remarkable, hence an obvious result can be seen.
5. Conclusions

In this teaching activity, students can drop their homemade paper cone and box to appreciate that streamlined object experiences less air friction. Waste paper can be given to students and no glue and scissors is needed. Students should finally connect the idea to the design of rocket and space shuttle.
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