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A Cannonball Is Shot Horizontally Off A High Castle Wall At 47.4 M/s. What Is The Magnitude Of The
Cannonball's trajectory and impact velocity? This intriguing physics problem combines concepts of
projectile motion, gravity, and kinematics to analyze the behavior of a cannonball launched horizontally
from a significant height. Understanding such motion not only offers insights into classical physics but also
enhances our grasp of real-world applications such as ballistics, engineering, and safety assessments. In this
comprehensive guide, we will explore the physics principles involved, walk through detailed calculations,
and discuss factors influencing the motion of a horizontally launched projectile from a high elevation.

---

Understanding the Problem: Cannonball Trajectory from a Castle
Wall

Before diving into calculations, it’s essential to understand the core aspects of the problem:

- The cannonball is shot horizontally, meaning its initial vertical velocity component is zero.
- The initial horizontal velocity \( v_{x} \) is 47.4 m/s.
- The height \( h \) of the castle wall from which the cannonball is launched is not specified but is a critical
factor in determining the motion.
- The goal is to find the magnitude of the cannonball’s velocity just before impact on the ground, which
involves combining horizontal and vertical velocity components.

---

Key Concepts in Projectile Motion

Projectile motion involves two independent components:



Horizontal Motion
- Constant velocity since no horizontal acceleration (ignoring air resistance).
- Described by: \( v_{x} = \text{constant} = 47.4\, \text{m/s} \).

Vertical Motion
- Accelerated motion under gravity \( g = 9.81\, \text{m/s}^2 \).
- Initial vertical velocity \( v_{y0} = 0 \) (since shot horizontally).
- Vertical displacement determined by the height \( h \) of the wall.

Understanding these components allows us to analyze the full trajectory and calculate the impact velocity.

---

Step-by-Step Calculation of Impact Velocity

To find the magnitude of the impact velocity, we need to calculate:

1. The time \( t \) it takes for the cannonball to reach the ground.
2. The vertical velocity \( v_{y} \) at impact.
3. The horizontal velocity \( v_{x} \) at impact (remains constant).
4. The overall impact speed, combining horizontal and vertical components.

---

1. Determining the Time of Flight

The time \( t \) to fall from height \( h \) under gravity is given by:

\[
h = \frac{1}{2} g t^2
\]

Rearranged to solve for \( t \):

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



Note: Without knowing \( h \), we cannot compute \( t \) numerically. However, for the purpose of this
analysis, we will consider a typical castle wall height, say 50 meters.

Calculating \( t \):

\[
t = \sqrt{\frac{2 \times 50\, \text{m}}{9.81\, \text{m/s}^2}} \approx \sqrt{\frac{100}{9.81}} \approx
\sqrt{10.19} \approx 3.19\, \text{s}
\]

---

2. Calculating Vertical Velocity at Impact

The vertical velocity \( v_{y} \) just before impact is:

\[
v_{y} = v_{y0} + g t
\]

Since \( v_{y0} = 0 \):

\[
v_{y} = 9.81\, \text{m/s}^2 \times 3.19\, \text{s} \approx 31.3\, \text{m/s}
\]

This velocity points downward.

---

3. Horizontal Velocity at Impact

In ideal projectile motion (neglecting air resistance), horizontal velocity remains constant:

\[
v_{x} = 47.4\, \text{m/s}
\]

---



4. Magnitude of the Impact Velocity

The impact velocity is the vector sum of horizontal and vertical components:

\[
v_{impact} = \sqrt{v_{x}^2 + v_{y}^2}
\]

Substituting the known values:

\[
v_{impact} = \sqrt{(47.4)^2 + (31.3)^2} \approx \sqrt{2247.56 + 980.69} \approx \sqrt{3228.25} \approx
56.86\, \text{m/s}
\]

Thus, the magnitude of the impact velocity is approximately 56.86 m/s.

---

Factors Affecting the Impact Velocity

While the above calculations assume ideal conditions, real-world factors can influence the impact speed:

- Air Resistance: Acts opposite to the motion, reducing horizontal velocity over time and slightly affecting
vertical acceleration.
- Height of the Wall: Greater height increases fall time, leading to higher vertical velocity at impact.
- Initial Velocity: Changes in the initial horizontal velocity directly impact the impact speed.
- Gravity Variations: Slight variations in gravitational acceleration depending on location.

---

Practical Applications and Real-World Relevance

Understanding the physics of projectile motion has numerous practical applications:

- Ballistics and Military Engineering: Calculating projectile trajectories for weapons.
- Safety Engineering: Designing barriers and safety zones to withstand impact forces.
- Sports Science: Analyzing the motion of balls in sports like golf, baseball, or basketball.
- Space Exploration: Trajectory planning for spacecraft re-entry and landing.



---

Summary of Key Points

- The impact velocity of a horizontally launched projectile depends on initial velocity, height, and gravity.
- For a 50-meter-high castle wall, the impact speed is approximately 56.86 m/s.
- Vertical velocity at impact is determined by fall time under gravity.
- Horizontal velocity remains constant in the absence of air resistance.
- Real-world conditions can cause deviations, emphasizing the importance of considering environmental
factors.

---

Conclusion: Mastering Projectile Motion Calculations

Analyzing the motion of a cannonball shot horizontally from a high wall highlights fundamental physics
principles. By understanding how to calculate fall time, vertical and horizontal velocities, and combine
these to find impact speed, students and professionals can predict projectile behavior accurately. Whether
designing artillery, sports equipment, or safety measures, mastering these calculations is essential for
practical and theoretical applications. Remember, always consider environmental factors and real-world
complexities to refine your models further.

---

FAQs About Horizontal Projectile Motion and Impact Velocity

How does increasing the height of the wall affect impact velocity?1.
It increases the fall time, resulting in a higher vertical velocity at impact and thus a greater overall
impact speed.

Does air resistance significantly affect the impact velocity?2.
In most real-world cases, yes. Air resistance reduces horizontal speed over time and can slightly alter
vertical acceleration, leading to a lower impact velocity than ideal calculations suggest.

Can the initial horizontal velocity be different?3.
Yes. Varying the initial velocity changes the impact speed proportionally, making it a critical



parameter in projectile trajectory planning.

What is the importance of understanding projectile motion in engineering?4.
It helps in designing safer structures, accurate weaponry, sports equipment, and even space vehicles
by predicting how objects move under gravity and other forces.

---

By mastering the principles outlined above, you'll be well-equipped to analyze and predict projectile
behavior accurately, whether for academic purposes or real-world engineering challenges.

Frequently Asked Questions

What is the initial horizontal velocity of the cannonball in the given
problem?
The initial horizontal velocity of the cannonball is 47.4 m/s.

How do you calculate the time it takes for the cannonball to hit the
ground from the high castle wall?
You calculate the time using the vertical motion equation t = √(2h/g), where h is the height of the wall
and g is the acceleration due to gravity (9.8 m/s²).

What is the significance of the horizontal velocity in projectile motion?
The horizontal velocity remains constant throughout the projectile's flight (neglecting air resistance),
determining the horizontal distance traveled before hitting the ground.

How do you find the magnitude of the cannonball's velocity just before
impact?
The magnitude is found by combining the horizontal and vertical velocity components using the
Pythagorean theorem: v = √(v_x² + v_y²), where v_x is constant and v_y is calculated from vertical
acceleration.



If air resistance is neglected, what factors determine the cannonball's
impact speed?
The impact speed depends on the initial horizontal velocity, the height of the fall (which influences
vertical velocity), and gravity; air resistance is ignored in ideal projectile motion calculations.

Additional Resources
Understanding the Physics of a Horizontally Fired Cannonball: A Comprehensive Analysis

When examining projectile motion, especially in scenarios such as a cannonball shot horizontally off a high
castle wall, it becomes essential to understand the underlying physics principles that govern the motion. In
this detailed review, we will explore the problem statement, the physics involved, the calculations needed
to determine the magnitude of the cannonball's velocity, and the broader implications of these calculations.
Our goal is to present a thorough understanding that not only addresses the specific question but also
deepens your comprehension of projectile motion dynamics.

---

Introduction to the Scenario

Imagine a cannonball being fired horizontally from the top of a castle wall with an initial velocity of 47.4
m/s. The primary question we seek to answer is: What is the magnitude of the cannonball's velocity as it
moves away from the wall, considering the influence of gravity and other factors?

This problem involves analyzing the projectile's motion in two dimensions: horizontal and vertical. The
key assumptions typically made include:

- No air resistance (ideal conditions)
- Constant acceleration due to gravity (g ≈ 9.8 m/s²)
- The initial vertical velocity component is zero (since the shot is purely horizontal)

Understanding these assumptions is critical because they impact the calculations and interpretations of the
projectile’s behavior.

---



Fundamental Concepts in Projectile Motion

Before delving into calculations, it is important to revisit some core physics concepts:

1. Components of Velocity

Any projectile's velocity at any point can be broken down into:

- Horizontal component (vₓ): Remains constant if air resistance is neglected.
- Vertical component (vᵧ): Changes over time due to acceleration from gravity.

Mathematically:
- vₓ = initial horizontal velocity (constant)
- vᵧ = initial vertical velocity + (g × t)

2. The Effect of Gravity

Gravity acts downward, influencing the vertical component of the velocity. Since the cannonball is fired
horizontally:

- Initial vertical velocity, vᵧ₀ = 0 m/s
- Vertical velocity at time t: vᵧ = g × t

3. Magnitude of the Velocity Vector

The overall velocity of the projectile at any moment is given by the vector sum of horizontal and vertical
components:

\[
v_{total} = \sqrt{v_x^2 + v_y^2}
\]

This magnitude indicates how fast the projectile is moving at that specific instant.

---



Step-by-Step Calculation Approach

To determine the magnitude of the cannonball's velocity at a specific moment (for example, at the moment
it hits the ground or after a certain time), we proceed systematically.

Step 1: Determine the time of flight

If the initial height (height of the wall) is known, we can calculate the time it takes for the cannonball to
reach the ground.

Suppose:

- \( h \) = initial height of the wall (in meters)
- \( g \) = acceleration due to gravity (9.8 m/s²)

Using the vertical motion equation:

\[
h = \frac{1}{2} g t^2
\]

Solving for \( t \):

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

Note: If the height is not specified, the problem becomes more theoretical, focusing on the velocity
components at a given time or distance.

Step 2: Calculate the horizontal displacement (range)

The horizontal displacement after time t:

\[
x = v_x \times t
\]

Since \( v_x \) remains constant at 47.4 m/s, the horizontal component is straightforward.



Step 3: Calculate vertical velocity at time t

Vertical velocity:

\[
v_y = g \times t
\]

Given the initial vertical velocity is zero, the vertical component increases linearly with time.

Step 4: Find the magnitude of the velocity vector

Using the components:

\[
v_{total} = \sqrt{v_x^2 + v_y^2}
\]

At any time t,

\[
v_{total} = \sqrt{(47.4)^2 + (g \times t)^2}
\]

This provides the magnitude of the velocity at that moment.

---

Broader Analysis and Additional Considerations

While the above steps provide a calculation framework, several other factors and insights are worth
exploring to deepen understanding.

1. The Importance of Initial Conditions

The initial velocity of 47.4 m/s is significant because:



- It dominates the horizontal motion.
- Its magnitude remains constant throughout the flight under ideal conditions.
- It influences the horizontal range and the overall velocity at any instant.

2. Impact of Air Resistance

In real-world scenarios, air resistance affects the projectile, especially at high velocities:

- Causes the horizontal component to decrease over time.
- Adds complexity to the motion equations, often requiring numerical methods for precise calculations.
- Generally results in a lower impact velocity than predicted by ideal physics.

For the purpose of this analysis, we neglect air resistance, but it's crucial to recognize its potential effects in
practical situations.

3. Energy Considerations

The kinetic energy of the projectile has two components:

- Horizontal kinetic energy: \( KE_x = \frac{1}{2} m v_x^2 \)
- Vertical kinetic energy: \( KE_y = \frac{1}{2} m v_y^2 \)

Total kinetic energy at any point:

\[
KE_{total} = \frac{1}{2} m (v_x^2 + v_y^2)
\]

This energy perspective emphasizes how energy transforms from potential (initial height) to kinetic
during the fall.

4. Impact Velocity and Safety Implications

Understanding the velocity magnitude is critical in safety and engineering contexts:

- Determines the destructive potential of projectiles.
- Aids in designing protective structures.
- Helps in calculating impact forces.



---

Example Calculation with Assumed Height

To illustrate, let's assume the height of the castle wall is 50 meters.

Calculate the time of flight:

\[
t = \sqrt{\frac{2 \times 50\, \text{m}}{9.8\, \text{m/s}^2}} \approx \sqrt{\frac{100}{9.8}} \approx
\sqrt{10.204} \approx 3.2\, \text{seconds}
\]

Calculate vertical velocity at impact:

\[
v_y = g \times t = 9.8\, \text{m/s}^2 \times 3.2\, \text{s} \approx 31.4\, \text{m/s}
\]

Calculate total velocity magnitude at impact:

\[
v_{total} = \sqrt{(47.4)^2 + (31.4)^2} \approx \sqrt{2247.8 + 987.0} \approx \sqrt{3234.8} \approx 56.9\,
\text{m/s}
\]

This example demonstrates that, after falling 50 meters, the cannonball’s speed increases from the initial
horizontal velocity to approximately 56.9 m/s at impact, primarily due to vertical acceleration from gravity.

---

Real-World Applications and Significance

Understanding the magnitude of projectile velocity is not merely an academic exercise; it has numerous
applications:

- Ballistics and Military Engineering: Precise calculations of projectile velocities inform weapon design,
targeting, and safety margins.
- Sports Physics: Analyzing ball trajectories in sports like golf, baseball, or cricket.



- Space and Aerospace Engineering: Trajectory planning for spacecraft re-entry or satellite deployment.
- Educational Purposes: Teaching fundamental physics principles through real-world problems.

---

Limitations and Complexities

While the idealized physics calculations provide valuable insights, real-world scenarios often introduce
complexities:

- Air Resistance: As noted, air drag slows horizontal motion and affects impact velocity.
- Variable Gravity: Differences in gravitational acceleration at various altitudes.
- Rotational Effects: Spin of the projectile can influence trajectory.
- Wind and Environmental Factors: Wind gusts alter projectile path.

In advanced physics or engineering contexts, these factors require sophisticated modeling and
computational simulation.

---

Conclusion: The Significance of the Velocity Magnitude

The magnitude of a cannonball shot horizontally off a high castle wall is a fundamental parameter in
understanding its subsequent motion and impact potential. Under ideal conditions and with given initial
parameters, the velocity can be precisely calculated using basic kinematic equations. Recognizing the
components of velocity, the role of gravity, and the assumptions involved enables a comprehensive
understanding of projectile behavior.

In summary:

- The initial horizontal velocity is 47.4 m/s.
- Vertical velocity increases over time due to gravity.
- The overall magnitude of velocity at any point combines these components.
- Accurate calculations depend on initial conditions, height, and environmental factors.
- These principles are applicable across various fields, from engineering to education.

By mastering the physics behind such problems, you develop a deeper appreciation for the mechanics
governing motion in our physical world, empowering you to analyze and solve complex real-world
problems with confidence.



---

End of Review
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