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AP Physics C - Drag Force on a Coffee Filter 
Purpose: To study the relationship between air drag forces and the velocity of a falling body. 

Equipment: Computer with Logger Pro software, lab pro, motion detector, nine coffee filters, meter stick 

Introduction: 
When an object moves through a fluid, such as air, it experiences a retarding or drag force that opposes its motion. This force generally increases with the relative velocity between the fluid and the object. The drag force also depends on other quantities such as the size, shape, and mass of the object, as well as the density and viscosity of the fluid. In this lab we are only going to investigate the velocity dependence of the drag force. We will start by assuming the drag force, FD, has a simple power law dependence on the speed given by: 

FD = k |v|n,

where the power n is to be determined by the experiment. 

When an object is released from rest, it initially experiences no drag force. As it falls its speed increases and so does the drag force acting on it. Eventually, the drag force is as large as the force of gravity and then the net force acting on the object is zero. At that point, the speed becomes constant. We call this final speed the terminal speed for the object. This lab will investigate drag forces acting on falling coffee filters. Because of the large surface area and low density of these filters, they reach terminal speed soon after being released. 

Procedure: 
NOTE: You will be given a packet of nine nested coffee filters. It is important that the shape of this packet stays the same throughout the experiment so do not take the filters apart or otherwise alter the shape of the packet. 
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On the computer, start the Logger Pro 3.3 software, choose FILE then OPEN the Physics for Computers folder and then choose experiment 13: Air Resistance. You should see a blank position vs. time graph on the monitor. At the top choose EXPERIMENT then DATA COLLECTION.  For the data collection’s length enter THREE seconds and for the sampling rate make sure it says THIRTY collections per second.

2. The motion detector should be mounted as shown in the diagram to the left. 

3. Hold one coffee filter 50-cm below the detector and at least 1.5 meters above the ground. Be aware of other nearby objects, which can cause spurious reflections. Start the computer collecting data, and then release the packet. 

4. Using the mouse, click hold and drag to make a box over where the line appears constant. Choose ANALYZE then LINEAR FIT from the menu then hit OK. Record the slope (M) of the curve from this fit. Physically, this slope should represent the terminal speed of the falling packet. Repeat this measurement at least three more times, and calculate the average terminal speed. Record all data in the data table provided. 

5. Repeat steps 2 -4 for the remaining packet of eight filters. Keep adding filters one at a time and repeating the above steps until you finish with eight filters.

6. Measure and record the mass of each set of filters and then calculate their weight.

	# of Coffee Filters
	Terminal Velocity
	Average Terminal velocity
	Mass
	Weight
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7. Open up Graphical Analysis. Click OK to get past intro screen. Go to DATA then COLUMN OPTIONS. Click on the X-value and type in TERMINAL VELOCITY and the units. Do this again for the Y value being called WEIGHT and its units. Remember that the weight is EQUAL to the drag force at terminal velocity. Thus another label for the y axis could be DRAG FORCE.

8. Enter in the data that you collected.

9. Then at the top choose GRAPH and turn off CONNECTING LINES. Then go to ANALYZE, then AUTOMATIC CURVE FIT. Choose POWER from the stock functions.
10. “B” is actually the exponent “n” for the equation on the front.
Below write the COMPLETE drag force equation

In the spaces below, draw and label a free body diagram for the following conditions: Use the SIZE of arrows top indicate whether a certain force is larger or not.

a) An object falling in a vacuum

b) An object falling in air the instant after is was released

c) An object falling in air a long time after release

