Experiment

5

Picket Fence Free Fall

We say an object isin free fall when the only force acting on it is the earth’ s gravitational force.
No other forces can be acting; in particular, air resistance must be either absent or so small asto
be ignored. When the object in free fall is near the surface of the earth, the gravitational force on
it is nearly constant. As aresult, an object in free fall accelerates downward at a constant rate.
This acceleration is usually represented with the symbol g.

Physics students measure the acceleration due to gravity using a wide variety of timing methods.
In this experiment, you will have the advantage of using a very precise timer connected to the
calculator and a Photogate. The Photogate has a beam of infrared light that travels from one side
to the other. It can detect whenever this beam is blocked. Y ou will drop a piece of clear plastic
with evenly spaced black bars on it, called a Picket Fence. Asthe Picket Fence passes through
the Photogate, the data-collection interface will measure the time from the leading edge of one
bar blocking the beam until the leading edge of the next bar blocks the beam. Thistiming
continues as al eight bars pass through the Photogate. From these measured times, the program
will calculate the velocities and accel erations for this motion and graphs will be plotted.
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OBJECTIVE

» Measure the acceleration of afreely faling body (g) to better than 0.5% precision using a
Picket Fence and a Photogate.
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Experiment 5

MATERIALS
T1-83 Plus or TI-84 Plus graphing cal cul ator Vernier Photogate
EasyData application Picket Fence
data-collection interface clamp or ring stand to secure Photogate

PRELIMINARY QUESTIONS

1. Inspect your Picket Fence. Y ou will be dropping it through a Photogate to measure g. The
distance, measured from one edge of a black band to the same edge of the next band, is
5.0 cm. What additional information will you need to determine the average speed of the
Picket Fence as it moves through the Photogate?

2. If an object is moving with constant acceleration, what is the shape of its velocity vs. time
graph?
3. Doestheinitia velocity of an object have anything to do with its acceleration? For example,

compared to dropping an object, if you throw it downward would the acceleration be
different after you released it?

PROCEDURE

1. Fasten the Photogate rigidly to aring stand so the arms extend horizontally, as shown in
Figure 1. The entire length of the Picket Fence must be able to fall freely through the
Photogate. To avoid damaging the Picket Fence, make sure it has a soft landing surface.

2. Turnon the calculator. Connect the Photogate, data-collection interface, and cal culator.

3. Set up EasyDatafor data collection.

a. Start the EasyData application, if it isnot already running.
b. Select (File) from the Main screen, and then select New to reset the application.

4. Now collect your free fall data. To do this, select (start) from the Main screen. Wait 1 second.

5. Hold the top of the Picket Fence and drop it through the Photogate, releasing it from your
grasp completely before it enters the Photogate. Be careful when releasing the Picket Fence.
It must not touch the sides of the Photogate as it falls and it needsto remain vertical.

6. When data collection is complete, agraph of distance vs. time will be displayed. Sketch the
graph on paper for later use.

7. Select (Piots), then select Vel(m/s) vs Time. Examine your velocity vs. time graph. The slope of
avelocity vs. time graph is a measure of acceleration. If the velocity graph is approximately a
straight line of constant slope, the acceleration is constant. If the acceleration of your Picket
Fence appears constant, fit a straight line to your data.

a. Select (Anlyz), and then select Linear Fit.

b. Record the slope of thefitted line in the data table.
c. Select ok to seethefitted line with your data.

d. Select (main) to return to the Main screen.
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8.

To establish the reliability of your slope measurement, repeat Steps 4 through 7 five more
times. Do not use drops in which the Picket Fence hits or misses the Photogate. Record the
slope values each time. Note: After selecting (start) to begin data collection, select ok to
overwrite the latest run and start collecting data.

DATA TABLE

Trial 1 2 3 4 5 6

Slope (m/sz)

Minimum Maximum Average

Acceleration (m/sz)

I+

Acceleration due to gravity, g m/s

Precision %

ANALYSIS

1.

From your six trias, determine the minimum, maximum, and average values for the
acceleration of the Picket Fence. Record them in the data table.

Describe in words the shape of the distance vs. time graph for the free fall of the picket fence.

Describe in words the shape of the velocity vs. time graph. How isthis related to the shape of
the distance vs. time graph?

The average accel eration you determined represents a single best value, derived from al your
measurements. The minimum and maximum values give an indication of how much the
measurements can vary from trial to trial; that is, they indicate the precision of your
measurement. One way of stating the precision isto take half of the difference between the
minimum and maximum values and use the result as the uncertainty of the measurement.
Express your final experimental result as the average value, + the uncertainty. Round the
uncertainty to just one digit and round the average value to the same decimal place.

For example, if your minimum, average, and maximum values are 9.12, 9.93, and 10.84 m/s’,
express your result as g = 9.9 + 0.9 m/s?. Record your values.

Express the uncertainty as a percentage of the acceleration. Thisisthe precision of your
experiment. Enter the value in your data table. Using the example numbers from the last step,
the precision would be

0.9
99 100% = 99
9.9 b=9%

Compare your measurement to the generally accepted value of g (from atextbook or other
source). Does the accepted value fall within the range of your values? If so, your experiment
agrees with the accepted value.
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7. Inspect your velocity graph. How would the associated acceleration vs. time graph look?
Sketch your prediction on paper. From the Main screen, select (Graph), then (Piots), then
Accel(m/s®) vs Time. Comment on any differences between the calculator’ s graph and your
prediction. Trace across the acceleration values using your cursor keys. Note that the vertical
scale of the graph does not include zero. Is the variation as large as it appears?

8. Find the average acceleration from the trace values. How does this compare with the
acceleration value for the same drop, determined from the slope of the velocity graph?

EXTENSIONS
1. Usethedistance vs. time data and a quadratic fit to determine g.

2. Display the acceleration vs. time plot and note the apparent variation in acceleration. Trace
across the plot with the cursor keys, and read the acceleration values individually. Isthe
acceleration varying as much asit first appears?

3. Would dropping the Picket Fence from higher above the Photogate change any of the
parameters you measured? Try it.

4. Would throwing the Picket Fence downward, but letting go before it enters the Photogate,
change any of your measurements? How about throwing the Picket Fence upward? Try
performing these experiments.

5. How would adding air resistance change the results? Try adding a loop of clear tape to the
upper end of the Picket Fence. Drop the modified Picket Fence through the Photogate and
compare the results with your original free fal results.

6. Investigate how the value of g varies around the world. For example, how does altitude affect

the value of g? What other factors cause this acceleration to vary at different locations? How
much can g vary at alocation in the mountains compared to alocation at sealevel?
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TEACHER INFORMATION 5

Picket Fence Free Fall

1. Thisactivity can be performed with calculators from the TI1-83 Plus or T1-84 Plus families
and a LabPro or CBL 2. It can not be performed with Easy products because the Photogate is
not supported by EasyLink.

2. Dirty or scratched Picket Fences may give erratic results.

3. Picket Fences are available from Vernier Software (order code PF). Y ou can make your own
Picket Fences using clear plastic and black tape, but the tape tends to stretch asit is placed on
the plastic. It is difficult to achieve precise results with a handmade fence. The leading edge
separation of the bars of tape must be 5.00 cm.

4. Itisimportant that the Picket Fence remain vertical during the fall. If not, the vertical
distance between bars gets smaller and the results are off.

5. The Photogate must be rigidly fixed to avoid noise or systematic errors. In particular, do not
hold the Photogate in your hand.

6. You may want to have the students drop the Picket Fence onto arug so that it does not get
scratched or damaged.

7. Thereisagood discussion of variation in the acceleration due to gravity on the earth’s
surface in the chapter on gravitation in Fundamentals of Physics by Halliday, Resnick, and
Walker.
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Position vs. time fit and graph taken on a TI-89.
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Velocity vs. time fit and graph taken on a TI-83.
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Trial 1 2 3 4 5 6
Slope (m/sz) XXXX XXXX XXXX XXXX XXXX XXXX
Minimum Maximum Average

Acceleration (m/sz)

XXXX

XXXX

XXXX

Acceleration due to gravity, g

XXXX

Precision

XXXX

ANSWERS TO PRELIMINARY QUESTIONS

ANSWERS TO ANALYSIS QUESTIONS

Answers have been removed from the online versions of Vernier
curriculum material in order to prevent inappropriate student use.
Graphs and data tables have also been obscured. Full answers and
sample data are available in the print versions of these labs.
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