In An Experiment To Determine The
Acceleration Due To Gravity, One Student
Holds A Pencil At Arms Length

In An Experiment To Determine The Acceleration Due To Gravity, One Student Holds A
Pencil At Arms Length, students and scientists alike explore fundamental physics principles
through simple yet effective experiments. This particular experiment demonstrates how objects fall
under gravity, allowing us to calculate the acceleration due to gravity (g), which is approximately
9.81 m/s? on Earth’s surface. Understanding this process not only deepens appreciation for physics
but also provides essential skills in measurement, data analysis, and scientific methodology.

Introduction to the Experiment

The experiment involves a student holding a pencil at arm’s length and releasing it without applying
any additional force, observing its fall, and using the data collected to determine the acceleration
due to gravity. This simple setup exemplifies how basic tools and keen observation can unveil
fundamental physical constants.

Objective of the Experiment

The primary goal is to:

- Measure the time taken for a pencil to fall from a known height.
- Calculate the acceleration due to gravity based on the measured fall time and height.
- Understand the principles of free fall and acceleration under gravity.

Importance of the Experiment

Determining the acceleration due to gravity through such experiments has several educational and
practical benefits:

- Reinforces concepts of kinematics and dynamics.

- Demonstrates experimental procedures and data analysis.

- Provides insight into the variability of local gravitational acceleration.

- Serves as a foundational experiment for more complex physics investigations.

Materials Needed



To perform this experiment, the following materials are essential:

¢ A standard pencil or any similar object

¢ A measuring ruler or meter stick

¢ A stopwatch or a device with a timing function (smartphone timer, digital stopwatch)
o A flat, stable surface to stand on

¢ A notebook and pen for recording data

e Optional: a camera or video recorder for detailed timing analysis

Step-by-Step Procedure

1. Measuring the Height

- The student stands upright against a wall or a stable vertical surface.

- Using the ruler, measure the vertical distance from the student’s hand (where the pencil is held) to
the ground.

- Record this height (h) accurately in meters.

2. Holding the Pencil

- The student holds the pencil at arm’s length, ensuring it is steady and at a consistent height each
time.
- Maintain a relaxed grip to prevent applying additional forces that could influence the fall.

3. Releasing the Pencil

- Without imparting any push or flick, the student releases the pencil, allowing it to fall freely.
- To minimize initial velocity, the release should be as gentle and consistent as possible.

4. Timing the Fall

- Simultaneously, the student starts the stopwatch precisely when the pencil is released.
- When the pencil makes contact with the ground, the student stops the stopwatch.
- Record the time (t) taken for the fall in seconds.



5. Repeating the Experiment

- To improve accuracy, repeat the process multiple times (at least 5-10 trials).
- Record all fall times and calculate an average to minimize errors.

Data Analysis and Calculations

Understanding the physics behind the fall allows us to compute the acceleration due to gravity. The
key kinematic equation for an object in free fall (assuming no air resistance) is:

\[

h =\frac{1}{2} gt~ {2}
\]

Where:

-\(h\) = height from which the object is dropped (meters)
-\(g\) = acceleration due to gravity (m/s?)
-\(t\) = time of fall (seconds)

Rearranging the formula to solve for \(g\):

\[
g = \frac{2h}{t~{2}}
\]

Example Calculation:

Suppose the measured height is 1.2 meters, and the average fall time from multiple trials is 0.49
seconds.

\[
g = \frac{2 \times 1.2}{(0.49)"2} = \frac{2.4}{0.2401} \approx 9.99\, \text{m/s} "2
\]

This value closely aligns with the standard gravitational acceleration, validating the experiment’s
accuracy.

Factors Affecting Accuracy

While simple, the experiment’s precision depends on several factors:
e Timing Errors: Human reaction time can introduce errors in stopwatch reading. Using a
video recording for analysis can mitigate this.

¢ Consistent Release: Variability in how the pencil is released affects the fall time. Practice
ensures more uniform releases.



e Measurement Errors: Inaccurate height measurement impacts calculations. Using precise
measuring tools reduces this error.

¢ Air Resistance: For small heights and objects like pencils, air resistance is negligible but can
slightly influence the fall time.

¢ Environmental Conditions: Wind or uneven surfaces can affect the fall, so conducting the
experiment indoors is preferable.

Tips to Minimize Errors:

- Use a high-speed camera to record the fall and analyze frame-by-frame timing.
- Drop the pencil from the same height repeatedly to ensure consistency.
- Use digital timing devices for more precise measurements.

Extensions and Variations of the Experiment

This basic experiment can be expanded or modified to explore related concepts:

1. Varying Heights

- Drop the pencil from different heights and observe how fall time scales with height.
- Verify the quadratic relationship between height and fall time.

2. Using Different Objects

- Test objects of different masses and shapes to explore the effects of air resistance.
- Confirm that in the absence of air resistance, objects fall at the same rate regardless of mass.

3. Investigating the Effect of Air Resistance

- Drop objects with varying surface areas to observe differences caused by air drag.
- Use a feather and a small ball to demonstrate how shape influences fall time.

4. Comparing Theoretical and Experimental Values

- Calculate theoretical fall times for given heights.
- Compare with experimental data to analyze sources of error and refine techniques.

Applications of Determining Gravitational Acceleration



Understanding and accurately measuring \(g\) has numerous applications:

- Engineering and Construction: Ensuring safety by understanding local gravitational variations.
- Geophysics: Mapping gravitational anomalies related to underground mineral deposits or
geological structures.

- Aerospace Physics: Calculating trajectories of projectiles and spacecraft.

- Educational Purposes: Teaching fundamental physics concepts through hands-on experiments.

Conclusion

The experiment where a student holds a pencil at arm’s length and releases it to determine the
acceleration due to gravity is a classic and effective demonstration of physics principles. It
emphasizes the importance of precise measurement, careful timing, and understanding the
underlying physics equations. Despite its simplicity, this experiment provides valuable insights into
the nature of gravity and kinematics, serving as a foundational activity for students learning about
motion.

By conducting multiple trials, analyzing data meticulously, and understanding potential sources of
error, students can approximate Earth's gravitational acceleration with impressive accuracy. Such
experiments lay the groundwork for more advanced studies in physics, engineering, and related
fields, fostering a deeper appreciation for the natural laws that govern our universe.

Frequently Asked Questions

Why is holding a pencil at arm's length important in an
experiment to determine acceleration due to gravity?

Holding the pencil at arm's length helps to minimize the influence of the student's hand movement
and ensures a consistent initial position, leading to more accurate timing of the falling object.

What are common sources of error when a student holds a
pencil during the experiment?

Common errors include delayed release timing, inconsistent grip, and reaction time lag, all of which
can affect the accuracy of the measured fall time and thus the calculated value of g.

How can holding a pencil at arm's length influence the
measurement of acceleration due to gravity?

It can introduce human reaction time delay and inconsistency in release, potentially leading to
errors in measuring the fall time and affecting the accuracy of the calculated acceleration due to
gravity.



What modifications can improve the accuracy of the
experiment involving a student holding a pencil?

Using a release mechanism or trapdoor system instead of manual release, conducting multiple trials,
and using precise timing tools like a high-speed camera can improve accuracy.

Why is it recommended to perform multiple trials when
holding a pencil in this experiment?

Multiple trials help average out human reaction errors and random inconsistencies, leading to a
more reliable and accurate determination of the acceleration due to gravity.

Additional Resources

In an experiment to determine the acceleration due to gravity, one student holds a pencil
at arm’s length and releases it to observe its fall—an intuitive, hands-on approach that
combines fundamental physics principles with straightforward experimentation. Such
experiments serve as foundational exercises in understanding gravitational acceleration,
measurement techniques, and the importance of precision in scientific inquiry. This article
delves into the methodology, underlying physics, potential sources of error, and the
broader educational significance of this common experimental setup, providing a
comprehensive overview suitable for students, educators, and science enthusiasts alike.

Introduction to the Experiment

Understanding the acceleration due to gravity (commonly denoted as g) is fundamental in physics,
underpinning concepts from projectile motion to planetary science. The experiment involving a
student holding a pencil at arm’s length and releasing it is a simple yet effective demonstration of
gravitational acceleration. It offers an accessible entry point into experimental physics, emphasizing
measurement, data collection, and analysis.

In essence, the experiment involves releasing a pencil from a known height and measuring the time
it takes to reach the ground. By doing so, students can compute g using the equations of motion,

compare their findings with the standard value (~9.81 m/s?), and explore the factors influencing
measurement accuracy.

Physics Principles Underpinning the Experiment

Newton’s Laws of Motion and Free Fall

The core physics principles relevant to this experiment are Newton’s laws of motion, particularly the
second law, and the concept of free fall:



- Newton’s Second Law: \( F = ma )

In free fall, the only force acting on the object (assuming negligible air resistance) is gravity, which
causes an acceleration \( a \) equal to g.

- Free Fall Motion: When an object is dropped from rest, its displacement \( s \) after time \( t\) can
be described by:

\[
s =\frac{1}{2} gt™2
\]

Rearranged to solve for g:

\[
g = \frac{2s}{t"2}
\]

This relationship forms the basis of the experiment, allowing students to determine g based on
measured fall distance and time.

Assumptions and Ideal Conditions

The calculations assume:

- No air resistance or negligible air drag.

- The release point is perfectly at rest relative to the initial position.
- The fall occurs in a uniform gravitational field.

- The measurement of time and height is precise.

Understanding these assumptions helps in recognizing sources of experimental error and refining
methodologies.

Experimental Setup and Procedure

Materials Needed

- A standard pencil or similar object

- A measuring ruler or meter stick

- A stopwatch (digital preferred for accuracy)

- A flat, stable surface

- A notebook for recording data

- Optional: high-speed camera or motion sensor for improved timing



Step-by-Step Procedure

1. Preparation of the Setup:

- Identify a suitable location with a clear, unobstructed vertical space.

- Measure and record the initial height \( h \) from which the pencil will be released, ensuring it is at
arm’s length or a fixed height above the ground.

2. Holding the Pencil:

- The student extends their arm to hold the pencil vertically at arm’s length, with the tip at a
consistent reference point.

- The initial position is marked or noted for consistency.

3. Releasing the Pencil:

- Without imparting any initial velocity, the student releases the pencil by letting go of it without
pushing or flicking.

- The release should be as smooth as possible to approximate free fall.

4. Timing the Fall:

- As the pencil begins to fall, start the stopwatch simultaneously.

- Stop the timing when the pencil makes contact with the ground or the measuring surface.
- Record the fall time \( t ).

5. Repeating for Accuracy:

- Conduct multiple trials (at least 5) to account for human reaction time and measurement
variability.

- Calculate the average fall time from these trials.

6. Measuring Distance:
- Confirm the exact height \( h \) from which the pencil was dropped.
- Use the same height for all trials to maintain consistency.

Data Analysis and Calculation of g

Using the recorded time \( t \) and known height \( h\), the acceleration due to gravity can be
calculated:

\[
g = \frac{2h}{t"2}
\]

- Example Calculation:

- Suppose the height \( h'\) is 1.2 meters.
- The average fall time \( t\) from trials is 0.49 seconds.

Then,

\[
g = \frac{2 \times 1.2}{(0.49)"~2} \approx \frac{2.4}{0.2401} \approx 9.99\, \text{m/s} "2



\]

This result closely approximates the standard value of gravity, demonstrating the validity of the
method.

Factors Affecting Accuracy and Precision

While the experiment is straightforward, several factors can influence the accuracy of the
measurement:

1. Human Reaction Time:
- Starting and stopping the stopwatch introduces delays.
- To mitigate, use a high-speed camera or electronic timing devices if available.

2. Initial Release Conditions:
- Any push or flick can impart initial velocity, violating free fall assumptions.
- Ensuring a gentle, uniform release is essential.

3. Measurement of Height:
- Inaccurate height measurement leads to errors.
- Use precise measuring tools and verify measurements multiple times.

4. Air Resistance:
- Although minimal for small objects at low heights, air resistance can slightly affect fall time.
- Conducting the experiment in still air minimizes this impact.

5. Parallax and Alignment:
- Viewing the fall and measuring time from an angle can cause errors.
- Conduct the experiment in a well-lit environment with clear alignment.

6. Instrument Limitations:
- The resolution of the stopwatch or timing device affects data accuracy.
- Using digital timers or motion sensors provides better precision.

7. Consistency in Procedure:
- Variations in release height or technique across trials can cause inconsistencies.
- Standardize the release method to improve reliability.

Educational Significance and Broader Implications

This experiment, simple in design yet rich in physics principles, offers several educational benefits:

- Hands-On Learning: Students grasp abstract concepts like acceleration and free fall through
tangible experience.

- Understanding Measurement and Error: Emphasizes the importance of precision, repeatability, and
error analysis.



- Introduction to Data Analysis: Encourages calculation, averaging, and interpretation of results.
- Real-World Applications: Demonstrates how fundamental physics principles are applied in
technology, engineering, and scientific research.

Moreover, such experiments serve as stepping stones for more advanced investigations, including
measurements of gravitational anomalies, calibration of instruments, and understanding of physics
in different planetary environments.

Extensions and Advanced Considerations

For students and practitioners seeking to deepen their understanding, several extensions can be
incorporated:

- Using Photogates or Motion Sensors: Automate timing to reduce human error.

- Varying the Drop Height: Study how fall time scales with height and verify the quadratic
relationship.

- Experimenting in Different Conditions: Conduct the experiment outdoors or in varying altitudes to
examine gravitational variations.

- Analyzing Air Resistance Effects: Use objects with different shapes and densities to explore drag.

Accounting for Earth's Rotation and Local Variations:

While negligible in this context, more precise measurements might consider the Coriolis effect or
local geological variations affecting g.

Conclusion

The simple act of holding a pencil at arm’s length and releasing it encapsulates the essence of
experimental physics: observation, measurement, analysis, and interpretation. This experiment not
only provides an approximate value for the acceleration due to gravity but also fosters critical
thinking about experimental design, sources of error, and the importance of precision. As a
pedagogical tool, it bridges the gap between theoretical physics and real-world phenomena,
inspiring curiosity and a deeper appreciation for the fundamental forces that govern our universe.

By understanding and refining such basic experiments, students lay the groundwork for more
sophisticated scientific investigations, contributing to a greater appreciation of physics as both an
empirical science and a key to unlocking the mysteries of the natural world.
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