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SPH4U Lab: Terminal Velocity

Background:

Define terminal velocity and draw a free body diagram of an object traveling at terminal velocity.

Terminal velocity is the maximum velocity of a falling object. The falling object will experience no acceleration once it reaches this speed, when the forces of gravity and friction due to air resistance reach an equilibrium.

Purpose: To measure and study the terminal velocity of free falling objects and to determine the relationship between velocity and wind resistance (frictional force).

Materials: coffee filters, metre sticks, 3 stopwatches

Method: 

This lab will require you to work in groups of 4. Three people will be timers and the fourth person will be the “dropper”. Note that by stacking the filters inside of each other the surface area does not change, only the mass. Each coffee filter has a mass of 1.02 g.

1. Have the dropper stand on a chair, so that he/she will be able to drop the filters from a height greater than 2.0 m above the floor.

2. Drop 1 filter and observe that it will reach its terminal velocity almost instantly.

3. Drop 1 filter from a height greater than 2.0 m and the 3 timers will measure the time it takes to fall 2.0 m to the floor. Record your observations in the table.

4. Put two filters together and measure their time to fall 2.0 m.

5. Repeat this process (steps 4 and 5) until you have dropped 16 filters together.

6. Plot a graph of Velocity vs. Mass.

Results:
Chart and graphs as per procedure. 
	# of filters
	Mass (g)
	Time 1 (s)
	Time 2 (s)
	Time 3 (s)
	Avg Time (s)
	Velocity (m/s)

	1
	1.02
	2.83
	3.18
	3.34
	3.12
	0.64

	2
	2.04
	2.41
	2.38
	2.40
	2.40
	0.83

	4
	4.08
	1.34
	1.56
	1.50
	1.47
	1.36

	6
	6.12
	1.34
	1.21
	1.34
	1.30
	1.54

	8
	8.16
	1.14
	1.15
	1.27
	1.19
	1.69

	10
	10.2
	0.96
	1.21
	1.20
	1.12
	1.78

	12
	12.24
	0.96
	0.9
	0.99
	0.95
	2.11

	14
	14.28
	0.96
	1.09
	1.01
	1.02
	1.96

	16
	16.32
	0.83
	0.88
	0.96
	0.89
	2.25



Discussion:
1. Using your graphical analysis techniques, straighten out the graph of velocity vs. mass and determine the relationship between terminal velocity and mass. Write this relationship as a variation statement.

 

	√Mass
	Velocity

	1.01
	0.64

	1.43
	0.83

	2.02
	1.36

	2.47
	1.54

	2.86
	1.69

	3.19
	1.78

	3.50
	2.11

	3.78
	1.96

	4.04
	2.25



Therefore, 
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2. Determine the constant of proportionality by finding the slope of the straight graph and write the equation relating velocity and mass.

Slope = 0.512 (see graph from previous question)

Therefore, 
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3. Starting with a Free Body Diagram of an object falling at terminal velocity, and your equation from 2 above, determine the relationship between the wind resistance (Frictional Force) and the velocity of a falling object.



4. Discuss any sources of error associated with this experiment.

In this experiment, the fall of the coffee filters may not be perfectly straight, which could lead to odd results – the air resistance is not equal if dropped vertically rather than horizontally to the floor. It was also hard to drop it from exactly 2.0 m. In addition, the timing was done by hand, which is not always accurate.
Velocity vs. Mass for Coffee Filters
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Velocity vs Mass for Coffee Filters





y = 0.5121x + 0.1913





0.00





0.50





1.00





1.50





2.00





2.50





0.00





1.00





2.00





3.00





4.00





5.00





√Mass





Velocity (m/s)





Fg





Fair





Fnet = Fair + Fg


Fair = Fg


Fair = mg


V = 0.512 sqr(m)


Sqr(m) = v/0.512


M = v2/k2





Fair = (v2/2)g


Fair = (g/k2)v2


Fair = cv2
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