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Understanding how the diameter of a steel ball influences its terminal
velocity is a fascinating area of physics that combines concepts of gravity,
air resistance, and material properties. To explore this relationship
systematically, a student can design an experiment that measures the terminal
velocity of steel balls of different diameters as they fall through a
controlled environment. This method allows for precise data collection and
analysis, leading to meaningful conclusions about the physics involved.

Designing the Experiment: Planning and
Preparation

Before conducting the experiment, thorough planning is essential. The student
should consider the variables involved, the tools required, and safety
precautions.

Identifying Variables
- Independent Variable: Diameter of the steel ball (e.g., small, medium,
large).
- Dependent Variable: Terminal velocity of the steel ball.
- Controlled Variables: Material of the ball (steel), environmental
conditions (air temperature, humidity), the height from which the ball is
dropped, and the surface area exposed to air resistance.

Gathering Equipment
- Steel balls of different diameters (e.g., 5mm, 10mm, 15mm, 20mm).
- A tall, transparent tube or a vertical drop apparatus (such as a vertical
chute or tube).
- A high-speed camera or a motion sensor to record the fall.
- A stopwatch or electronic timing device (if applicable).
- Measuring tools like a ruler or caliper for accurate diameter measurements.
- A dense, stable stand to hold the apparatus.
- Safety gear such as goggles, especially if using high-speed cameras or
heavy objects.



Methodology: Step-by-Step Procedure

The core of this investigation involves dropping steel balls of varying
diameters through a controlled environment and measuring their terminal
velocities accurately.

Step 1: Preparing the Steel Balls
- Measure each steel ball’s diameter precisely using a caliper.
- Record the measurements for reference.
- Ensure all balls are clean and free of surface defects that might influence
air resistance.

Step 2: Setting Up the Drop Apparatus
- Securely mount the vertical tube or chute in a stable position.
- Mark the height from which the balls will be dropped (e.g., 2 meters).
- Ensure the interior surface of the tube is smooth to minimize additional
friction or irregularities.

Step 3: Calibration and Testing
- Conduct preliminary drops with a standard-sized steel ball to calibrate the
setup.
- Use the high-speed camera or motion sensor to record the fall.
- Confirm that the measurement system accurately captures the time taken for
the ball to fall the designated height.

Step 4: Conducting the Drops
- Drop the first steel ball of a specific diameter from the marked height,
ensuring it is released without initial velocity or spin.
- Use the high-speed camera or sensors to record the fall.
- Repeat the drop multiple times (e.g., 5-10 trials) to obtain reliable data
and account for variability.
- Calculate the average time taken for each trial.

Step 5: Recording and Calculating Terminal Velocity
- Determine the velocity using the formula:
Velocity (v) = Distance / Time
where Distance is the height from which the ball was dropped.
- Ensure that the recorded velocity corresponds to the point where the ball
reaches terminal velocity, which can be identified by constant velocity in
the recorded data.



Analyzing the Data

Once the data has been collected, the student can analyze it to understand
how the diameter affects terminal velocity.

Plotting the Results
- Create a graph with the diameter of the steel balls on the x-axis and the
corresponding average terminal velocity on the y-axis.
- Look for trends or patterns, such as whether larger diameters result in
higher or lower terminal velocities.

Understanding the Physics
- Recognize that terminal velocity depends on the balance between
gravitational force and air resistance.
- The drag force (air resistance) can be modeled as proportional to the
surface area of the object, which increases with the square of the diameter.
- Since larger diameters have greater mass but also higher surface area, the
student can compare the experimental data with theoretical models to
interpret the results.

Applying Theoretical Concepts to the Experiment

To deepen understanding, the student should relate their findings to physics
principles.

Terminal Velocity Formula
The terminal velocity \( v_t \) of a spherical object falling through air can
be approximated by the equation:

\[
v_t = \sqrt{\frac{2mg}{\rho A C_d}}
\]

where:
- \( m \) is the mass of the steel ball,
- \( g \) is acceleration due to gravity (9.81 m/s\(^2\)),
- \( \rho \) is the air density,
- \( A \) is the cross-sectional area of the ball,
- \( C_d \) is the drag coefficient, which depends on the shape and surface
smoothness.

Since the mass \( m \) is proportional to the volume (\( \propto d^3 \)) and



the cross-sectional area \( A \) is proportional to \( d^2 \), larger
diameters generally lead to higher terminal velocities, but the actual
outcome depends on the interplay of these factors and the drag coefficient.

Ensuring Accuracy and Reliability

To improve the validity of the experiment, the student should consider
several best practices.

Minimizing Errors
- Use precise measuring instruments for diameter and timing.
- Ensure the release of the balls is consistent, with no initial velocity or
spin.
- Conduct multiple trials for each diameter to average out anomalies.
- Use a well-calibrated high-speed camera for accurate velocity measurements.

Controlling External Factors
- Conduct experiments in a draft-free environment to prevent air currents
from affecting the fall.
- Maintain consistent environmental conditions (temperature, pressure).

Conclusion: Interpreting the Results

By carefully measuring the fall times of steel balls with different diameters
and calculating their terminal velocities, a student can observe how size
influences falling behavior. Typically, larger steel balls, due to their
increased mass relative to surface area, tend to reach higher terminal
velocities. This method not only demonstrates fundamental physics principles
but also provides practical experience in experimental design, data analysis,
and scientific reasoning.

Through diligent execution and analysis, the student can conclude whether the
theoretical models align with their experimental findings and understand the
factors that influence terminal velocity. This investigative approach offers
a comprehensive way to explore the relationship between object size and
motion through a fluid medium, enriching the student’s grasp of physics
concepts.

Frequently Asked Questions



What is a suitable experimental setup to investigate
how the diameter of a steel ball affects its
terminal velocity?
Set up a vertical tube or chute with a measuring scale, release steel balls
of different diameters from the same height, and use a high-speed camera or
timing device to measure the time taken to reach terminal velocity for each
ball.

How can students ensure that the measurements of the
steel ball diameters are accurate?
Use precise tools such as digital calipers to measure the diameter of each
steel ball multiple times and calculate the average to ensure accuracy and
consistency in the measurements.

What variables should be controlled during the
investigation to ensure valid results?
Control variables such as the release height, the density and viscosity of
the fluid (if using fluid medium), and environmental factors like air
currents to ensure that only the diameter affects the terminal velocity.

How can students analyze the data collected to
determine the relationship between diameter and
terminal velocity?
Plot a graph of terminal velocity against the diameter of the steel balls,
and analyze the trend—expected to observe that larger diameters lead to
higher terminal velocities—possibly fitting the data to theoretical models
based on drag and gravitational forces.

What safety precautions should students take during
this investigation?
Wear safety goggles to protect against any unexpected breakage, handle the
steel balls carefully to avoid injury, and ensure the experimental setup is
stable to prevent accidents.

How can students improve the reliability of their
results in this investigation?
Repeat measurements multiple times for each diameter, average the results,
and ensure consistent release methods and measurement techniques to minimize
errors and improve reliability.



Additional Resources
Investigating the Impact of Steel Ball Diameter on Terminal Velocity: A
Comprehensive Methodology

Understanding how an object's physical characteristics influence its motion
through a fluid is a fundamental aspect of physics. Among these
characteristics, the diameter of a steel ball significantly impacts its
terminal velocity—the steady speed achieved when the force of gravity is
balanced by drag and buoyant forces. For students eager to explore this
relationship scientifically, devising a robust, repeatable experiment is
crucial. In this article, we delve into a detailed method that students can
employ to investigate how the diameter of a steel ball affects its terminal
velocity, presented with clarity, precision, and practical insights.

---

Understanding the Concept: Why Diameter Matters

Before outlining the method, it's essential to grasp the underlying physics
principles:

- Terminal Velocity: The constant speed attained by an object falling through
a fluid when gravitational force equals the sum of drag and buoyant forces.
- Influence of Diameter: Larger diameter steel balls typically experience
higher gravitational forces but also encounter increased drag. The
relationship between diameter and terminal velocity involves complex
interactions described by fluid dynamics principles, notably the drag
equation.

Recognizing these factors guides students in designing an experiment that
accurately captures the influence of diameter on terminal velocity.

---

Designing the Experiment: A Step-by-Step
Approach

Creating a reliable investigation involves meticulous planning, precise
measurement, and controlled conditions. The following sections detail the
recommended method.

1. Selecting and Preparing Steel Balls of Varying



Diameters

Objective: To compare the terminal velocities across different steel ball
sizes.

Procedure:
- Choose a Range of Sizes: Select steel balls with a variety of diameters,
for example, 5mm, 10mm, 15mm, 20mm, and 25mm.
- Ensure Consistent Material: Use steel balls from the same manufacturer to
maintain uniform density and surface finish.
- Measure Accurate Diameters: Use a digital caliper capable of ±0.01mm
accuracy to measure each ball's diameter at multiple points and calculate an
average to account for minor manufacturing variations.
- Record Data: Document the precise diameter of each steel ball for
reference.

Tips:
- Avoid balls with surface imperfections, as they affect drag.
- Keep the balls clean and dry to prevent surface irregularities caused by
dirt or moisture.

---

2. Setting Up the Experimental Apparatus

Objective: To create a controlled environment where the steel balls can be
dropped and their fall time accurately measured.

Components Needed:
- Drop Tube or Tall Transparent Container: A clear, straight tube or tall
glass/plexiglass container (minimum 1-2 meters in height) to allow the ball
to reach terminal velocity.
- Timing Device: A high-precision stopwatch or, preferably, a photogate timer
for automated, accurate measurements.
- Markers or Measurement Scale: Markings along the tube to observe the fall
height.
- Supporting Stand: To stabilize the setup.
- Lubricant or Surface Treatment (Optional): To reduce impact of surface
imperfections if necessary.

Setup Steps:
- Securely position the drop tube vertically on a stable surface.
- Mark a specific, well-defined segment of the tube where timing will
occur—preferably a middle section to allow the ball to accelerate before
reaching this point.
- Install a photogate or high-speed camera aligned with these markers for
precise timing.
- Ensure the environment is free from air currents, vibrations, or other



disturbances that could affect fall measurements.

Safety Note: Use safety glasses when handling small steel balls to prevent
injury.

---

3. Conducting the Drop Tests

Objective: To record the fall time of each steel ball to determine its
terminal velocity.

Procedure:
- Step 1: Drop a steel ball of a specific diameter from a predetermined
height (preferably from rest, releasing it gently to minimize initial
velocity).
- Step 2: Use the timing device to measure the time taken for the ball to
pass between two fixed points within the marked segment.
- Step 3: Repeat the drop multiple times (at least 5-10 times per size) to
account for variability and improve accuracy.
- Step 4: Record all fall times meticulously.

Additional Tips:
- Drop each ball from the same height each time.
- Use a consistent release method—such as a small release mechanism or simply
releasing the ball gently by hand—to minimize initial velocity differences.
- Wait a few seconds between drops to prevent air disturbance or vibrations.

---

4. Calculating the Terminal Velocity

Objective: To derive the terminal velocity from the measured fall times.

Method:
- Use the formula:

\[
v = \frac{d}{t}
\]

where:
- \( v \) = velocity (m/s)
- \( d \) = the length of the segment over which timing was measured (meters)
- \( t \) = average fall time (seconds)

Notes:



- For increased accuracy, consider measuring the fall over a longer distance
if possible.
- To approximate the terminal velocity more accurately, ensure that the
measurement segment is sufficiently far from the release point so the ball
has already reached steady speed.

---

Data Analysis and Interpretation

Once the velocities are calculated for each diameter, students should analyze
the data to identify trends.

Key steps:
- Plot the diameter against the corresponding terminal velocity.
- Observe whether the relationship aligns with theoretical predictions, such
as the drag equation or Stokes’ law (for small Reynolds numbers) and
Newtonian regimes (for larger Reynolds numbers).
- Investigate deviations and consider factors like surface roughness,
measurement errors, or flow conditions.

Expected Outcome:
- Typically, larger diameter steel balls will have higher terminal velocities
due to greater gravitational force overcoming drag more effectively, but the
relationship may not be linear. The analysis can help uncover the precise
nature of this relationship.

---

Ensuring Validity and Reliability

To bolster the accuracy and credibility of the findings, students should
consider:

- Repeating Tests: Conduct multiple trials for each size to average out
anomalies.
- Controlling Variables: Maintain consistent environmental conditions—no
wind, stable temperature, and minimal vibrations.
- Calibration: Regularly calibrate timing devices and measurement tools.
- Considering Reynolds Number: Recognize the flow regime to compare
experimental data with relevant theoretical models.

---



Potential Extensions and Further Investigation

Students can expand their study by exploring:
- The effect of surface roughness on terminal velocity.
- The influence of fluid viscosity by conducting experiments in different
liquids.
- The impact of shape deviations—comparing spheres with other geometries.
- Theoretical modeling using drag coefficient calculations to compare with
experimental results.

---

Conclusion: A Robust Method for Scientific
Inquiry

Investigating how the diameter of a steel ball influences its terminal
velocity offers a comprehensive learning experience in physics, experimental
design, and data analysis. By carefully selecting materials, constructing a
controlled environment, executing precise measurements, and analyzing the
resulting data, students can uncover the nuanced relationships dictated by
fluid dynamics. This method not only fosters scientific rigor but also
encourages critical thinking, curiosity, and an appreciation for the complex
interplay of forces governing motion. Whether for a science project or an
educational exploration, this approach provides a solid foundation to
understand and quantify the fascinating effects of size on falling objects.
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