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Introduction to the Problem

When analyzing the motion of a football kicked toward an end zone, one of the fundamental aspects
is understanding its vertical trajectory over time. The problem involves determining the height of the
football at any moment after it is kicked, given its initial vertical velocity. The initial velocity is given
as 30 feet per second (ft/s), which influences how high the football will go and how long it will stay in
the air before reaching the ground or the end zone.

This analysis involves applying principles from physics, specifically kinematics, to derive a function
H(t) that describes the height of the football as a function of time. Understanding this function is
crucial for players, coaches, and engineers who aim to optimize kicking techniques or analyze
projectile motion in sports.

Basic Concepts of Projectile Motion

Vertical and Horizontal Components

When a football is kicked, its motion can be decomposed into two independent components:

- Vertical component: Affected by gravity and initial vertical velocity.
- Horizontal component: Affected by initial horizontal velocity and air resistance (which we often
neglect for simplicity).

In this discussion, we focus primarily on the vertical component, which determines the height of the
football at any given time.

Relevant Physics Principles
The motion of the football follows the laws of uniformly accelerated motion, governed by the following
key principles:

- Initial velocity: The velocity of the football at the moment it is kicked, in this case, 30 ft/s upward.
- Acceleration: Due to gravity, which acts downward with an acceleration \( g \). On Earth, \( g \approx



32.2 \text{ ft/s}~2\).
- Kinematic equations: Used to describe the position and velocity of the object over time.

Deriving the Height Function H(t)

Assumptions and Coordinate System

To simplify the problem, we assume:

- The positive direction is upward.
- Air resistance is negligible.
- The initial height of the kick is at ground level (height = 0).

Initial Conditions

Given:

- Initial vertical velocity, \( v_0 = 30 \text{ ft/s}\).
- Initial height, \( H(0) = 0)).

Applying Kinematic Equations

The general equation for vertical position in uniformly accelerated motion is:

\[
H(t) =H 0+ v Ot-\frac{1}{2} gt"2
\]

Substituting the known values:

\[
H(t) = 0 + 30 t - \frac{1}{2} \times 32.2 \times t"2

\]

Simplify:

\[

H(t) =30t-16.1t"2
\]

This is the function \( H(t) \), which gives the height of the football at any time \( t\) in seconds.



Analyzing the Function H(t)

Properties of H(t)

- The parabola opens downward because the coefficient of \( t~2) is negative.
- The maximum height occurs at the vertex of the parabola.
- The time to reach maximum height can be found by setting the derivative \( H'(t) \) to zero.

Calculating the Time to Reach Maximum Height
Differentiate \( H(t) \):

\[
H'(t) =30-32.2t
\]

Set \( H'(t) =0\):

\[
0=30-322t
\]

Solve for \( t\):

\[
t = \frac{30}{32.2} \approx 0.932 \text{ seconds}

\]

So, the football reaches its maximum height approximately 0.932 seconds after being kicked.

Maximum Height of the Football
Calculate \( H(t) \) at \(t = 0.932) s:

\[
H {max} = 30 \times 0.932 - 16.1 \times (0.932)"2

\]

Compute:

\[

H {max} \approx 27.96 - 16.1 \times 0.869

\]

\[

H_{max} \approx 27.96 - 14.0 \approx 13.96 \text{ ft}
\]



Thus, the football reaches a maximum height of approximately 13.96 feet.

Time of Flight and Impact

When Does the Football Hit the Ground?
The football hits the ground when \( H(t) = 0 \):

\[
30t-16.1t"2=0
\]

Factor out \( t\):

\[
t(30-16.1t)=0
\]

Solutions:

-\(t=0)) (initial kick)
-\(30-16.1t=0\Rightarrow t = \frac{30}{16.1} \approx 1.863 \text{ seconds} \)

This indicates the football lands approximately 1.863 seconds after being kicked.

Horizontal Range (Optional Consideration)

While the problem primarily focuses on vertical motion, if the initial horizontal velocity component is
known, the horizontal range can be calculated:

\[
\text{Range} = v_{x} \times t_{total}
\]

where \( t_{total} \) is the time of flight.

Graphical Representation of H(t)

Plotting the Height Function
The graph of \( H(t) = 30t-16.1t"2\):

- Starts at zero height at \( t=0\).
- Rises to a maximum of approximately 13.96 ft at \( t=0.932) s.



- Returns to zero at \( t=1.863\) s.

This parabola illustrates the entire vertical trajectory of the football.

Implications of the Graph

- The shape highlights the symmetry of projectile motion.
- The time to reach maximum height is exactly halfway through the total flight duration.
- The maximum height and total flight time directly relate to the initial velocity and gravity.

Real-World Applications and Considerations

Impact on Game Strategy

Understanding the height function can help players and coaches:

- Optimize kicking angles and velocities.
- Predict whether the ball will clear defenders.
- Improve accuracy and consistency.

Extensions and Complexities

In real scenarios, additional factors may influence the motion:

- Air resistance and drag.

- Wind effects.

- Non-zero initial height (e.g., from a tee or player’s hand).
- Horizontal motion and lateral deviations.

Incorporating these factors involves more advanced physics and differential equations, but the
fundamental vertical motion remains governed by the same principles.

Conclusion

The function \( H(t) = 30 t - 16.1 t~2\) provides a comprehensive description of the vertical height of
a football kicked with an initial vertical velocity of 30 ft/s. It captures the essential physics of projectile
motion, illustrating how the initial velocity and gravity shape the football’s trajectory. By analyzing
this function, we can determine key parameters such as maximum height, time to reach that height,
and the total time of flight, which are vital for understanding and optimizing kicking strategies in
football.

Understanding and applying these principles allow players, coaches, and sports scientists to better
analyze projectile motion, ultimately enhancing performance and strategic planning on the field.



Frequently Asked Questions

What does the function H(t) represent in the context of a
football kicked toward the end zone?

H(t) represents the height of the football at any given time t after it is kicked.

How is the initial vertical velocity of 30 ft/s incorporated into
the function H(t)?

The initial vertical velocity of 30 ft/s determines the initial upward component of the football's motion,
affecting the initial conditions of H(t) such as its initial velocity term.

What is the general form of the height function H(t) for the
kicked football?

H(t) typically has the form H(t) = -16t2 + Vot + ho, where Vo is the initial vertical velocity (30 ft/s), and
ho is the initial height from which the football is kicked.

How can you determine the maximum height reached by the
football using H(t)?

The maximum height can be found by calculating the vertex of the parabola H(t), which occurs att =
Vo / (2 16), given the quadratic form of H(t).

How would you find the time when the football hits the
ground?

Set H(t) = 0 and solve the quadratic equation for t to find when the height reaches zero, indicating
the football has hit the ground.

Additional Resources
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Introduction

In the realm of sports physics, understanding the precise motion of a football during a kick is both
fascinating and essential. When a football is kicked toward an end zone, its trajectory is governed by
fundamental principles of physics—primarily projectile motion. This article delves into the detailed
analysis of such a scenario, particularly focusing on the function H(t), which describes the football's
height at any given time. The initial vertical velocity of 30 feet per second (ft/s) serves as a key
parameter, shaping the football’s vertical trajectory. Through a comprehensive exploration of the



physics involved, mathematical modeling, and real-world implications, this review aims to provide an
in-depth understanding suitable for enthusiasts, students, and professionals alike.

Understanding Projectile Motion in Football Kicks
The Basics of Projectile Motion

Projectile motion refers to the curved trajectory of an object thrown or propelled into the air, subject
only to acceleration due to gravity. For a football kicked toward an end zone, this motion involves
both horizontal and vertical components:

- Horizontal component: Movement toward the end zone at a constant velocity (assuming negligible
air resistance).

- Vertical component: Upward and downward motion under gravity, which influences the football’s
height over time.

The key to analyzing this motion lies in decomposing the initial velocity into its horizontal and vertical
components and applying kinematic equations to each.

Components of the Initial Velocity

Suppose the football is kicked with an initial velocity \( v_0), which has both magnitude and
direction. If we denote:

-\( v_{0x} \) = horizontal component
-\(v_{0y} \) = vertical component

then:

\[
v_{0x} = v_0\cos \theta
\]
\[
v_{0y} = v_0\sin \theta
\]

where \( \theta \) is the angle of the kick relative to the horizontal.
In this scenario, the initial vertical velocity is specified as 30 ft/s. The horizontal velocity depends on

the kick angle, which influences the football’s overall trajectory and whether it reaches the end zone
effectively.

The Mathematical Model: Deriving the Function H(t)
Assumptions and Simplifications

To accurately model the football's height over time, certain assumptions are made:



- Air resistance is negligible.

- Gravity acts downward with a constant acceleration \( g \).

- The initial height from which the football is kicked, \( h_0), is known or set to zero for simplicity.
- The initial velocity magnitude \( v_0\) and the angle \( \theta \) are known.

The Kinematic Equation for Vertical Motion

The vertical height \( H(t) \) of the football at any time \( t\) can be described by the kinematic
equation:

\[

H(t) =h 0+ v {0y} t-\frac{1}{2} gt~2
\]

Where:

-\( h_0\) = initial height (feet)

-\(v_{0y}\) = initial vertical velocity (feet/second)

-\( g\) = acceleration due to gravity (~32.2 ft/s?)

-\(t\) = time (seconds)

Given that the initial vertical velocity is 30 ft/s, the equation simplifies to:

\[

H(t) = h_0 + (v_0\sin \theta) t- 16.1 t"2

\]

if \( g\) is taken as 32.2 ft/s?, then \( \frac{1}{2} g = 16.1) ft/s2.
Incorporating the Initial Conditions

Suppose the football is kicked from ground level (\( h_0 = 0)); then:

\[
H(t) = (v_0\sin \theta) t - 16.1 t~2
\]

This quadratic function fully describes the height of the football over time, assuming a fixed initial
vertical velocity.

Analyzing the Function H(t): Key Features and Implications

The Shape of the Trajectory

As a quadratic function, \( H(t) \) exhibits a parabolic shape:

- Initial ascent: The football rises from the initial height, reaching a maximum height at the vertex of

the parabola.
- Peak height: Occurs at time \( t_{max} \), where the vertical velocity component reduces to zero.



- Descent: The football descends toward the ground, crossing the end zone or landing point.

The maximum height \( H_{max} \) can be found by differentiating \( H(t) \) with respect to \( t\) or by
using the vertex formula:

\[

t {max} = \frac{v_0 \sin \theta}{g}

\]

\[

H {max} = h_0 + \frac{(v_0\sin \theta)~2}{2g9}
\]

Given the initial vertical velocity of 30 ft/s, the maximum height depends on the kick angle \( \theta \).
Time of Flight

The total duration the football remains airborne—its time of flight—is obtained by solving \( H(t) = 0
\):

\[

0=h_0+ (v.0\sin\theta) t-16.1t"2
\]

which yields:

\[

t = 0 \quad \text{or} \quad t = \frac{v_0 \sin \theta + \sqrt{(v_0 \sin \theta)”~2 + 4 \times 16.1 \times
h 0}}{2 \times 16.1}
\]

This provides the total time until the football hits the ground, critical for determining if the ball
reaches the end zone in time.

Practical Applications and Strategy Implications

Optimizing Kick Angle and Initial Velocity

In real-world scenarios, players aim to maximize the horizontal distance while ensuring the ball clears
defenders and reaches the intended end zone. The initial vertical velocity of 30 ft/s is significant

because:

- It influences the maximum height, affecting clearance over obstacles.
- It impacts the total airtime, influencing the horizontal reach.

Kickers typically adjust their angle \( \theta \) to optimize the trajectory, balancing between a high,
long arc and a flatter, longer shot.

Factors Influencing the Trajectory



While the idealized function \( H(t) \) provides a solid foundation, real conditions introduce
complexities:

- Air resistance: Slows the ball, reducing range and height.
- Wind conditions: Can alter the effective velocity components.
- Kicker’s technique: Variations in initial velocity and angle affect the trajectory.

Coaches and players analyze these factors to refine their techniques, often using physics models like
\( H(t) \) to simulate and predict outcomes.

Broader Educational and Scientific Significance
Physics Education
The analysis of \( H(t) \) serves as an excellent educational tool for illustrating core physics concepts:

- Decomposition of vectors
- Quadratic functions and their properties
- The relationship between initial velocity, angle, and projectile range

Students can visualize how changing parameters affects the trajectory, deepening their
understanding of classical mechanics.

Technological Advances

Modern sports science employs computer simulations based on functions like \( H(t) \) to enhance
training:

- Motion tracking systems measure actual trajectories.
- Data-driven adjustments improve performance.
- Virtual models help in coaching strategies.

Conclusion

The function \( H(t) \), representing the height of a football kicked toward an end zone with an initial
vertical velocity of 30 ft/s, encapsulates a fundamental aspect of projectile physics. Its derivation from
basic kinematic equations underscores the importance of initial velocity and launch angle in
determining the football’s trajectory. By analyzing the shape and features of \( H(t) \), players and
coaches can optimize their kicking strategies, while educators and scientists gain insights into the
mechanics of motion. As technology advances, such models become even more integral in pushing
the boundaries of athletic performance and understanding the intricate dance between physics and
sports. Whether for enhancing game tactics or fostering educational curiosity, the detailed
examination of \( H(t) \) exemplifies the profound interplay between science and sport.
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