Measuring g of Free Fall Using the Picket Fence Method
Standards Met: 

· 3.1.7D

· 3.2.7B

· 3.6.7B

· 3.7.7C, D, & E

Introduction:

Measuring the acceleration g of free fall is not a simple thing to do. Galileo had a difficult time attempting to measure g because of the lack of accurate timing devices and the rapid speed of the motion. In order to slow the motion down, he used inclined planes. We are lucky enough to be able to use computers and photogates to time free fall acceleration.

In this method of measuring g, a long strip of Plexiglas is dropped through a photogate timer. The strip has 8 dark strips (pickets) spaced 5 cm from the beginning of one strip to the beginning of the next strip. The ink creates alternating opaque and transparent areas (a picket fence) as it falls through the photogate. The computer has been programmed to measure the time it takes for the strip to fall from one picket to the next. This method of measuring g is much easier and much more accurate than Galileo’s inclined plane experiments.

Objectives:

This activity is designed to help students measure g, as well as see graphs of uniform acceleration. Students can also use the data to calculate an object’s speed at given times using the slope intercept equation and the slope of the graph. It can also be used to show that acceleration due to gravity does not depend on the mass of the object.
Materials:
Computers/laptops with Vernier LoggerPro Software installed

Vernier LabPro Interface

Vernier Photogate timer
Vernier Picket Fences

Clamps
Optional Materials :

10 g hanging mass

20 g hanging mass
Notes:

-This lab requires groups of at least 2 students.
-Place a cushion or foam on the floor to catch the Picket Fence to keep it from hitting the floor. Be sure that the cushion is wide enough to keep it from hitting the floor when it falls over.

-The computer has a slight “lag time” with the interface. Once students click on the green Collect button, they will need to wait for the red Stop button to appear before dropping the Picket Fence.

Procedures:
1. Connect the photogate to the Vernier LabPro through the DIG/Sonic port on the interface.

2. Start the LoggerPro software on the PC.

a. Go to Start.

b. Choose Programs.

c. Choose Vernier Software.

d. Click on LoggerPro.

3. Open the Picket Fence Free Fall experiment.
a. Got to File.

b. Choose Open.

c. Choose Physics with Computers.

d. Choose Picket Fence Free Fall experiment and Open it. The file is programmed with the distances between the pickets in it.

4. Mount the photogate to the edge of a desk or table.
a. Attach the included metal rod to the photogate by screwing it into the correct opening.

b. Clamp the metal rod to the edge of the table or desk.

5. One student will hold the picket fence vertically above the photogate. For best results, hold the picket fence as close as possible to the photogate without triggering it.
6. Another student will click on the green Collect button in the tool bar. When the red Stop button appears, they will tell the other student to release the Picket Fence onto the cushion beneath the photogate.
7. Individual points will appear on the screen. Click on the top graph once, then select Options from the tool bar menu.
a. Select Graph Options from the drop down menu.

b. Choose Connect Points from the Graph Options section.

c. Choose Done. This will show a curved path on the distance vs. time graph. Sketch this graph in your observations and data section.

8. Repeat step 7 for the bottom graph. It will show a straight line on the velocity vs. time graph. Sketch this graph in your observations and data section.

9. Highlight a section of the velocity vs. time (bottom) graph by clicking and dragging across the line. Then select the Linear Fit (R=) option from the tool bar. This will give the slope-intercept equation for the graph. The slope is the measured value of g. Record this in your observations and data section.

10. Calculate the percent (%) error of the measured value of g. Use g = 9.81 m/s2 as the accepted value.

% error = /accepted – measured/ x 100%


Accepted

11. Use the slope-intercept equation to calculate the speed of the picket fence at the following times: (remember the y = velocity)

a. t = 1.0 s

b. t = 2.0 s

c. t= 4.0 s

d. t = 8.0 s

Optional Procedures:
12. Add a 10 g hook mass to the hole drilled in the Picket Fence and repeat the experiment. Record the measured value of g.

13. Add a 20 g hook mass to the hole drilled in the Picket Fence and repeat the experiment. Record the measured value of g.

Observations and Data:
Graph of distance vs. time

Graph of velocity vs. time

Measured value of g (no mass added)

Measured value of g with 10 g mass added

Measured value of g with 20 g mass added

Calculations:
% error

At t = 1.0s

At t = 2.0 s

At t = 4.0 s

At t = 8.0 s

Analysis Questions:

1. What is the significance of the parabolic (curved) shape of the graph on the distance vs. time axis?

2. What is the significance of the straight line shape of the graph on the velocity vs. time axis?

3. What could account for the percent error in measuring g with the computer? (Assume the computer has been programmed with 100% accuracy.)

4. What affect did adding masses to the photogate have on the value of g?

