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Introduction to Projectile Motion and Its Relevance

Understanding the trajectory of a T-shirt launched from a T-shirt cannon is a fascinating application of
physics and mathematics. When students engage in modeling such real-world phenomena, it not only
deepens their comprehension of fundamental concepts but also enhances problem-solving skills. In
this context, the student aims to develop a function, denoted as r, that accurately describes the path
of the T-shirt as it travels through the air, influenced by various forces and initial conditions.

Fundamentals of the Physics Behind the Launch

Before constructing the function r, it's essential to grasp the key physical principles involved:
* Projectile Motion: The T-shirt follows a curved trajectory primarily dictated by initial velocity,
launch angle, and gravitational acceleration.

* Forces Acting on the T-shirt: Gravity pulls downward, while air resistance may also influence
the path depending on the level of modeling detail.

e Initial Conditions: Launch speed, angle, and position set the stage for the subsequent motion.

Defining the Coordinate System and Variables

To model the path mathematically, the student establishes a coordinate system, typically taking the
ground as the x-axis and vertical height as the y-axis. The key variables include:

e vo: initial launch speed

e 0: launch angle with respect to the horizontal

e g: acceleration due to gravity (~9.8 m/s?)



e x: horizontal position at time t
e y: vertical position at time t

e t: time elapsed since launch

Deriving the Mathematical Model for the Path

Using the principles of kinematics, the student derives the equations for horizontal and vertical
motion:

Horizontal Motion

\[

X(t) = v_0 \cos \theta \times t
\]

Vertical Motion

\[

y(t) = v_0\sin \theta \times t - \frac{1}{2} gt™2
\]

Combining these, the path can be expressed as a function y in terms of x by eliminating t:

\[
t = \frac{x}{v_0\cos \theta}

\]
Substituting into y(t):
\[

r(x) = y(x) = v_0 \sin \theta \times \frac{x}{v_0 \cos \theta} - \frac{1}{2} g \left( \frac{x}{v_0 \cos
\theta} \right)~2

\]

Simplifying:

\[

r(x) = x \tan \theta - \frac{g x~2}{2 v_0"2 \cos"2 \theta}
\]

This function r(x) models the path of the T-shirt launched from the cannon, assuming ideal conditions
without air resistance.



Incorporating Air Resistance for More Realistic Modeling

While the initial model provides a good approximation, real-world trajectories are affected by air
resistance. To refine the model:

Introduce a drag force proportional to the velocity, usually modeled as \( F_d = -kv \), where k is
a drag coefficient.

Set up differential equations for x(t) and y(t) considering drag forces.

Numerically solve these equations using computational tools like Python or MATLAB to obtain a
more accurate path function.

Constructing the Function r

Once the equations are established, the student proceeds to define the function r explicitly:

1.

Determine initial parameters: vo, 8, and initial position.

. Choose whether to use the idealized formula or a numerical approach with air resistance.

Implement the formula or numerical solver in a programming language or graphing calculator.
Plot the trajectory to visualize the path of the T-shirt.

Adjust parameters to optimize the launch for maximum range or height, depending on the
desired outcome.

Practical Application and Visualization

By creating the function r, students can:

Predict where the T-shirt will land based on initial conditions.
Design optimal launch angles for maximum distance or height.

Simulate different scenarios to understand the impact of variables like initial velocity and
launch angle.

Integrate the function into interactive applications or simulations, enhancing learning
engagement.



Conclusion: The Significance of Mathematical Modeling in
Physics

Developing a function like r to model the T-shirt's trajectory exemplifies the power of mathematical
modeling in physics education. It bridges theoretical concepts with tangible, real-world applications,
fostering a deeper understanding of projectile motion. Through this process, students learn to
translate physical phenomena into mathematical expressions, analyze the effects of various
parameters, and utilize computational tools to visualize and refine their models. Ultimately, this
experience cultivates critical thinking and analytical skills vital for scientific inquiry and engineering
design.

Future Enhancements and Broader Implications

Beyond the basic model, students can expand their understanding by exploring:

e Effect of wind and environmental factors on the trajectory.
 Designing control systems for precise T-shirt launching.

¢ Applying similar modeling techniques to other projectile-based activities, such as sports or
aerospace engineering.

Such endeavors highlight the interdisciplinary nature of physics, mathematics, and engineering,
emphasizing the importance of modeling in technological innovation and entertainment.

Final Thoughts

Creating a function r to model the path of a T-shirt launched from a T-shirt cannon is not just an
exercise in mathematical derivation but also a gateway to understanding complex physical systems.
It demonstrates how fundamental principles can be harnessed to predict and optimize real-world
phenomena, inspiring students to pursue further inquiry into the fascinating world of physics and
applied mathematics.

Frequently Asked Questions

What is the purpose of creating a function r in modeling the
T-shirt's trajectory?

The function r models the path or position of the T-shirt over time, allowing for analysis of its flight
path, range, and landing point when launched from a T-shirt cannon.



Which mathematical principles are typically used in
formulating the function r for projectile motion?

Principles of kinematic equations, including initial velocity, acceleration due to gravity, and initial
launch angle, are used to derive the function r that describes the T-shirt's trajectory.

How does incorporating air resistance affect the function r for
the T-shirt's path?

Including air resistance makes the model more realistic by introducing a drag force, which alters the
trajectory, generally reducing range and height, and complicates the function r with additional terms
for drag.

What variables are essential in defining the function r for the
T-shirt's trajectory?

Key variables include initial velocity (vo), launch angle (0), gravity (g), and time (t). These parameters
define the position coordinates in the function r over time.

How can the function r be used to optimize the T-shirt
cannon's design?

By analyzing the function r, designers can adjust parameters like launch angle and velocity to
maximize range, accuracy, and safety, ensuring the T-shirt lands at the desired location.

What challenges might arise when creating a realistic
function r for T-shirt trajectories?

Challenges include accounting for air resistance, variable launch conditions, environmental factors
like wind, and ensuring the model accurately predicts real-world behavior.

Can the function r be adapted for different T-shirt cannon
designs?

Yes, the function r can be modified by changing initial conditions and parameters to reflect different
cannon designs, launch angles, and velocities.

How does the initial launch angle influence the shape of the
function r?

The launch angle determines the height and distance of the trajectory; a higher angle results in a
higher, shorter arc, while a lower angle produces a flatter, longer path.

In what ways can students validate their function r model for



the T-shirt's flight?

Students can compare the model's predictions with experimental data from actual launches, adjusting
parameters to improve accuracy and understanding of the physics involved.

What educational benefits does creating a function r for T-
shirt trajectories offer to students?

It helps students understand projectile motion, develop skills in mathematical modeling, apply physics
principles, and explore real-world applications of mathematics and science.

Additional Resources

A Student Creates A Function (r), To Model The Path Of A T-shirt Launched From A T-shirt Cannon
Using

In an innovative intersection of physics and mathematics, a dedicated student has developed a
mathematical function, denoted as r, to accurately model the trajectory of a T-shirt launched from a
T-shirt cannon. This project not only exemplifies the application of theoretical principles to real-world
scenarios but also demonstrates how mathematical functions can be harnessed to predict and
analyze physical phenomena. As sports arenas, promotional events, and entertainment venues
increasingly rely on T-shirt cannons to engage audiences, understanding the physics behind these
devices becomes both relevant and fascinating. The student's work offers insights into projectile
motion, the role of initial conditions, and the practical utility of mathematical modeling in ensuring
safety, accuracy, and efficiency.

This article explores the development of this function in detail, breaking down the scientific principles
involved, the mathematical formulation, and the implications of such modeling. From the initial
assumptions to the final application, we delve into the process that transforms a simple idea into a
robust mathematical tool, demonstrating how students can leverage their knowledge to solve tangible
problems.

Understanding the Physics of a T-shirt Cannon Launch
The Basics of Projectile Motion

At its core, launching a T-shirt from a cannon involves the principles of projectile motion—a branch of
physics that describes the trajectory of an object subjected only to gravity and initial launch
conditions. Several key factors influence the path:

- Initial velocity (vo): The speed at which the T-shirt leaves the cannon.

- Launch angle (06): The angle between the initial velocity vector and the horizontal plane.

- Initial position (xo, Yyo): The starting point of the T-shirt, often assumed to be at the cannon's barrel
height.

- Acceleration due to gravity (g): Typically 9.81 m/s? downward.

Understanding how these factors interact allows for the prediction of the T-shirt’s path, ensuring it



reaches the intended audience or target zone.
External Factors Affecting the Trajectory

While ideal physics considers only gravity and initial conditions, real-world scenarios include
additional influences:

- Air resistance (drag): A force opposing the motion, which can significantly alter the path, especially
at higher speeds.

- Wind and environmental conditions: Variations in air currents can shift the trajectory.

- Cannon orientation and stability: Slight misalignments can impact the launch angle and consistency.

In developing a model, the student had to decide whether to incorporate these complexities or start
with a simplified approach, balancing accuracy with mathematical tractability.

Developing the Mathematical Model
Establishing the Coordinate System
The first step in modeling involved defining a coordinate system:

- The x-axis runs horizontally in the direction of the launch.
- The y-axis runs vertically, perpendicular to the ground.

Assuming the T-shirt is launched from a point \((x_0, y_0)\), the goal is to determine the position
\((x(t), y(t)\) at any time \(t\).

Formulating the Equations of Motion

In the simplest case—ignoring air resistance—the equations governing the motion are derived from
Newton’s laws:

\[

x(t) = x_ 0 + v_0\cos{\theta} \times t

\]

\[

y(t) =y 0+ v 0\sin{\theta} \times t - \frac{1}{2} gt™2
\]

where:

-\(v_0\) is the initial launch speed,
-\(\theta\) is the launch angle,
-\(9\) is acceleration due to gravity.

Deriving the Path Function r

The student aimed to encapsulate the trajectory into a single function, \(r(t)\), representing the
position vector from the origin (or launch point) to the T-shirt at time \(t\).



The position vector:

\[
\mathbf{r}(t) = x(t) \hat{i} + y(t) \hat{j}
\]

In magnitude form, the path length from the starting point is:

\[
r(t) = \sqrt{(x(t) - x 0)~2 + (y(t) -y 0)~2}
\]

However, for modeling purposes—especially to predict where the T-shirt will land—it's more practical
to express \(y\) as a function of \(x\), eliminating \(t\):

\[
t = \frac{x - x 0}{v_0\cos{\theta}}
\]

Substituting into the \(y(t)\) equation:

\[

y(x) =y 0+ \left( v_0\sin{\theta} \right) \times \frac{x - x_ 0}{v_0\cos{\theta}} - \frac{1}{2} g
\left( \frac{x - x_0}{v_0 \cos{\theta}} \right)"~2

\]

Simplifying:

\[
y(x) =y 0+ (x - x_0) \tan{\theta} - \frac{g (x - x 0)~2}{2 v_0"2 \cos™2{\theta}}
\]

This quadratic equation in \(x\) describes the path of the T-shirt, forming a parabola typical of
projectile motion.

Defining the Function \(r\)

The student’s key contribution was to define the function \(r\) as a parametric representation of the
path:

\[

r(\phi) = \left( x_0 + v_0 \cos{\theta} \times t,\, y 0 + v_0\sin{\theta} \times t - \frac{1}{2} g t"2
\right)

\]

or, in terms of \(x\):

\[
r(x) = (x, y(x))
\]



where \(x\) varies over the range of interest, from launch point to the landing zone.

Incorporating Real-World Conditions and Enhancing the Model
Air Resistance and Its Approximation

While the basic model provides fundamental insights, air resistance can significantly affect the
trajectory—especially at high speeds typical of T-shirt cannons.

To incorporate drag, the equations become more complex, involving differential equations:

\[
m \frac{d\mathbf{v}}{dt} = - c_d\, |\mathbf{v}|\, \mathbf{v} + m \mathbf{g}
\]

where:

-\(m\) is the mass of the T-shirt,
-\(c_d\) is the drag coefficient,
-\(\mathbf{v}\) is the velocity vector.

Solving these equations often requires numerical methods, such as Euler’s method or Runge-Kutta
algorithms, which the student implemented using programming tools like Python or MATLAB.

Practical Application: Targeting and Safety Considerations

The ultimate goal of the model is to predict the landing point of the T-shirt with accuracy, ensuring it
reaches the intended audience safely and effectively. The student used the model to:

- Calculate the time of flight.

- Determine the horizontal range.

- Adjust launch parameters to hit specific targets.

Model Validation and Data Fitting

To verify the accuracy of the model, the student conducted experiments:
- Launched T-shirts at different angles and speeds.

- Measured actual landing points.

- Compared observed data with predictions.

Using regression analysis, the student refined parameters such as initial velocity and drag coefficient,
improving the model’s precision.

Practical Applications and Broader Implications

Optimizing Launch Parameters



By modeling the T-shirt’s path with the function \(r\), event organizers and engineers can:

- Maximize the distance to reach the audience effectively.
- Ensure the T-shirt lands safely within designated zones.
- Adjust launch angles and velocities dynamically based on crowd positioning.

Safety and Regulatory Compliance

Accurate modeling reduces the risk of injuries or property damage by preventing over- or under-
shooting. It also enables compliance with safety regulations by ensuring T-shirts are launched within
safe ranges.

Educational Value and Student Engagement

This project exemplifies how theoretical physics and mathematics can be applied creatively. It
encourages students to:

- Use real-world data to validate models.
- Develop computational skills for solving complex differential equations.
- Appreciate the interdisciplinary nature of problem-solving.

Future Directions and Enhancements
Incorporating Wind and Environmental Factors

Further refinements could include modeling the effects of wind, which can be integrated into the
equations as additional vector forces, often requiring computational simulations.

Using Machine Learning for Prediction

With sufficient data, machine learning algorithms could improve predictive accuracy, especially in
unpredictable outdoor conditions.

Extending to 3D Modeling

Adding the third dimension allows for modeling lateral deviations, making the predictions more
comprehensive, especially in scenarios where the cannon’s orientation varies.

Conclusion

The creation of the function \(r\) to model the path of a T-shirt launched from a T-shirt cannon
exemplifies the power of mathematical modeling in understanding and optimizing real-world
phenomena. From foundational physics principles to sophisticated computational techniques, the
student’s work bridges theory and practice. Such projects not only enhance scientific literacy but also
demonstrate how mathematical functions can serve as practical tools in entertainment, safety, and
engineering domains. As technology advances and modeling becomes more refined, the potential
applications of such functions will continue to expand, making everyday experiences safer, more



efficient, and more engaging.
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