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Calculating the Air Resistance Constant

Objects do not fall with a constant acceleration. Air resistance causes objects to fall at hit terminal velocity. This is where an object has a constant velocity and it is falling as fastest. Compare the falling of a baseball and a sheet of paper when dropped from the same height. The baseball is still accelerating when it hits the floor. Air has a much greater effect on the motion of the paper than it does on the motion of the baseball. The paper does not accelerate very long before air resistance reduces the acceleration so that it moves at an almost constant velocity.  The paper reaches terminal velocity very quickly, but on a short drop to the floor, the baseball does not. 

Air resistance is sometimes referred to as a drag force.  Sometimes the drag force is proportional to the velocity and sometimes the drag force is proportional to the square of the velocity. The drag force is always the opposite direction of the falling object. Mathematically, the drag force can be described using Fdrag=-bv or Fdrag=-cv2. The constants b and c are called the air resistance constants; the terminal velocity is affected by the mass of the object. F=ma=-bv or –cv2. Since we are dropping an object the acceleration is gravity. If we ignore gravity because it will remain the same and take out the constant we end up with v(m or v2(m. If data is plotted of mass versus v or v2, it can be determined which relationship is more appropriate. 

Once the correct relationship is determined, the correct formula can be used to calculate the air resistance on the coffee filter. Curve fitting and the Monte Carlo method must be used to determine the found value along with error bars. Use the air resistance Monte Carlo Excel spreadsheet to calculate the average air resistance constant with error bars for each mass. Then, use http://www.hamline.edu/~arundquist/webMMA/utility/curvefit/ to find average value of air resistance with error values.

Objectives

· Determine how terminal velocity of a falling object is affected by air resistance and mass (from Physics with Vernier, experiment 13).

· Calculate air resistance constant for a falling coffee filter.

· Evaluate air resistance constant using Monte Carlo method.

Materials

· Computer

· Vernier computer interface

· LoggerPro

· Vernier Motion Detector

· 5 basket-style coffee filter

Procedure

1. Connect the motion detector to the DIG/SONIC 1 channel of the interface.

2. Place the motion detector on the floor, point upward, so the coffee filters can fall directly onto the motion detector with out hitting any other objects.

3. Open the file”13 Air Resistance” from the Physics with Vernier folder. 

4. Collect mass of filter.

5. Place a coffee filter in the palm of your hand and hold it about 0.5 m under the motion detector.

6. Click “collect” to begin data collection. When the motion detector begins to click, release the coffee filter directly above the motion detector so that falls toward the floor. Move your hand out of the beam of the motion detector as quickly as possible so that only the motion of the filter is recorded on the graph. 

7. Using the drop down menu “Analyze,” select “linear fit,” and find the terminal velocity and the error on the line. 

8. Record the terminal velocity

9. Repeat steps 4-8 for two, three, four, and five coffee filters. 

Data

	Number of filters
	Mass of filters (g) (error = .01g)
	Terminal Velocity (m/s)
	Terminal Velocity error
	(Terminal Velocity)2 (m2/s2)

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	


Analysis

1. To help choose between the two models for the drag force, plot terminal velocity vs. mass of the filters. On a separate graph, plot the square of terminal velocity vs. the mass of the filters. Page 2 of the experiment file is already prepared for you. Which graph is closer to a straight line that goes through the origin?

2. Open the Excel spread sheet “air_resist_monte.” Type in the values for the mass, terminal velocity, and terminal velocity error. Then select and drag down all the columns so that it randomly generates the average terminal velocity and the standard deviation (error). Drag the selected three columns to row 500. Record information in data table.

	Number of Filters
	Air resistance constant
	Error (standard deviation)

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


3. Then, use website http://www.hamline.edu/~arundquist/webMMA/utility/curvefit/ Then, enter number of filters in the x column. Make sure to hit return after each entry except the last one. Enter the air resistance constants in the y column. Enter the errors (standard deviation) into the y error column. Make sure to uncheck the box that states all y values have the same error. They do not have the same error in this experiment. You found 5 different standard deviations. Then, type in y=b for the equation. Hit the “submit” button. This will fit your data to straight line and give the error on the average. 
Conclusion

· What is your air resistance constant?

· How was the most accurate answer found?

· How could your answer have been off?

· What would you change if this experiment were to be repeated? 

