V International Zhautykov Olimpiad

Experimental Competition
  Page 1/5 

EXPERIMENTAL COMPETITION
17 January, 2009 
Please read the instructions first:
1. The Experimental part consists of one problem. This part of the competition lasts 3 hours.
2. Please only use the pen that will be given to you.
3. You can use your own non-programmable calculator for numerical calculations. If you don’t have one, please ask for it from Olympiad organizers.
4. You are provided with Writing sheet and additional papers. You can use the additional paper for drafts of your solutions but these papers will not be checked. Your final solutions which will be evaluated should be on the Writing sheets. Please use as little text as possible. You should mostly use equations, numbers, figures and plots.
5. Use only the front side of Writing sheets. Write only inside the bordered area.
6. Begin each question on a separate sheet.

7. Write on the blank writing sheets whatever you consider is required for the solution of the question.
8. Fill the boxes at the top of each sheet of paper with your country (Country), your student code (Student Code), the question number (Question Number), the progressive number of each sheet (Page Number), and the total number of Writing sheets (Total Number of Pages). If you use some blank Writing sheets for notes that you do not wish to be evaluated, put a large X across the entire sheet and do not include it in your numbering.

9. At the end of the exam, arrange all sheets for each problem in the following order:

· Used Writing sheets in order;

· The sheets you do not wish to be evaluated

· Unused sheets and the printed question.

Place the papers inside the envelope and leave everything on your desk. You are not allowed to take any paper or equipment  out of the room

Air resistance force
Air resistance force acting on a moving body depends on its velocity in a very complicated way. Different approximations are used to evaluate the air resistance force, such as
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where 
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  are  some constants which depend on the size and form of the body, and 
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 stands for the speed of the body. 

In this task you are asked to experimentally establish which of equations (1) or (2)  describes better the air resistance force acting on the moving ball. To do so, you are asked to study the decaying pendulum oscillations in which balls are used as plummets.
Experimental setup
Equipment: tripod with a holder, thread, ruler, measuring tape, ping-pong ball, plasticine, sticky tape.

[image: image1.wmf]v

F

1

b

=


Attach the ball to the thread  and fix the thread to   the holder. Place the tripod at the edge of the desk so that the thread can freely hang down. Using the sticky tape provided, attach the ruler to the edge of the desk so that you can measure the deviation x. The point of suspension of the pendulum must be at the height of 
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 above the ruler, the length of the thread from the point of suspension to the ball must be 
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You will measure the following quantities:
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 is the deviation of the thread measured by the ruler;
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 is the deviation angle. 

Part 1. Energy loss during a single oscillation (9 points)
In this part use the ping-pong ball 
1.1 (1 point) Show that if the air resistance force depends on the body speed according to the law
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then the loss of mechanical energy for one period equals
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where 
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 is the initial mechanical energy of the ball, and C  is a certain constant. The saturation of oscillations is supposed to be weak.
1.2 (1 point) Show that the mechanical energy 
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 of the ball at the maximal deviation is proportional to 
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In the following you should measure the energy of the ball in relative units. Assume that the potential energy of the ball is determined by
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1.3 (3 points) Let 
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 be the initial deviation of the thread and let 
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 be the deviation of the thread after one period. Measure the dependence of 
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Using the data just obtained calculate the initial energy of the ball and the energy loss for one period.
Write results of the measurements and calculations in Table 1. Plot the graph showing the dependence of the energy loss for one period on the initial energy of the ball 
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Table 1.  Dependence of the energy loss on the initial energy.
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1.4 (3 points) Using equation (3) linearize the dependence 
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so that the dependence 
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 becomes linear. Plot the graph 
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 and determine the power 
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 in the dependence of air resistance force on the speed of the body.
1.5 (1 point) State which of formulas (1) or (2) better fits the experimental data for the air resistance force.
Part 2. Saturation of oscillations, ping-pong ball (6 points)
In this part use the ping-pong ball provided.

One can show that if the air resistance force is described by equation (1), then the thread deviation after the k-th oscillation is described as
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where 
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 is a constant. If the air resistance force is described by equation (2), then the saturation law has the form
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where 
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 is a constant. 

2.1 (2 points) Measure the dependence of the deviation 
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 on the number of oscillations 
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 at the fixed initial deviation 
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. Write your results in Table 2.
Table 2. Saturation of oscillations of the ping-pong ball. 
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2.2 (3 points) Determine which of the saturation laws (5) or (6) fits the experimental data better.
2.3 (1 point) Decide which of equations (1) or (2) describes the experimental situation better.
Part 3. Saturation of oscillations, plasticine ball (5 points)
In this part use the plasticine ball.

The oscillations of the pendulum with the plasticine ball saturate much slower, that is why it is hard to make a measurement after a single oscillation. Hence in this part you are asked to measure the number of oscillations 
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 which pass before the amplitude of oscillations decreases to the value 
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3.1 (2 points) Measure the number of oscillations 
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 after which the deviation of the ball decrease from the  initial value 
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Put the results of the measurements into the Table 3. Plot the dependence of 
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 on the number of oscillations.

Table 3. Saturation of oscillations of the ping-pong ball. 

	
[image: image53.wmf]k

x

, cm
	
[image: image54.wmf]k


	
[image: image55.wmf]k


	
[image: image56.wmf]k


	
[image: image57.wmf]k



	20
	0
	0
	0
	

	19
	
	
	
	

	18
	
	
	
	

	17
	
	
	
	


….

3.2 (2 points) Determine which of the saturation laws (5) or (6) fits the experimental data better.
3.3 (1 point) Decide which of equations (1) or (2) describes the experimental situation better.
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