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A Projectile Is Shot Straight Up From The Earth's Surface At A Speed Of 1.30104
Km/hr. How High Does this projectile reach before it comes to a halt and begins
descending? Understanding the height a projectile attains when launched vertically
involves fundamental physics principles, including gravity, initial velocity, and energy
conservation. This comprehensive guide explores the physics behind vertical projectile
motion, calculations to determine maximum height, real-world applications, and factors
influencing the projectile's ascent.

---

Understanding Vertical Projectile Motion

Vertical projectile motion is a classic problem in physics that involves an object being
launched straight upward with an initial velocity, then decelerating due to gravity until it
reaches a maximum height, before descending back to the ground.

Key Concepts:
- Initial velocity (u): The speed at which the projectile is launched.
- Acceleration due to gravity (g): Approximately 9.81 m/s² on Earth.
- Maximum height (H): The highest point the projectile reaches.
- Time to reach maximum height (t): Duration until the projectile stops ascending.
- Total flight time: The complete duration of the projectile's journey.

---

Converting Units for Accurate Calculations

Given data states the initial speed as 1.30104 km/hr. To perform physics calculations
accurately, we must convert this to SI units (meters per second).

Conversion Process:
1. Convert km/hr to m/sec:

\[
1\, \text{km} = 1000\, \text{meters}
\]
\[
1\, \text{hr} = 3600\, \text{seconds}
\]



Therefore:

\[
1.30104\, \text{km/hr} = \frac{1.30104 \times 1000}{3600}\, \text{m/sec}
\]

Calculating:

\[
\frac{1301.04}{3600} \approx 0.3614\, \text{m/sec}
\]

Result:

\[
u \approx 0.3614\, \text{m/sec}
\]

This initial velocity is relatively slow, which will significantly influence the maximum height
achieved.

---

Calculating the Maximum Height Reached

The maximum height for a projectile launched vertically under gravity can be calculated
using the kinematic equation:

\[
H = \frac{u^2}{2g}
\]

Where:
- \(u\) = initial velocity (m/sec)
- \(g\) = acceleration due to gravity (9.81 m/sec²)

Step-by-step Calculation:

\[
H = \frac{(0.3614)^2}{2 \times 9.81}
\]

\[
H = \frac{0.1304}{19.62}
\]

\[
H \approx 0.00664\, \text{meters}
\]



or approximately 6.64 millimeters.

Interpretation:
The projectile reaches an extremely negligible height—just over 6 millimeters above the
Earth's surface—before gravity pulls it back down.

---

Additional Factors Influencing Projectile Height

While the basic physics provides an initial estimate, several real-world factors can influence
the actual maximum height:

1. Air Resistance
- Frictional force exerted by air opposes the motion.
- At such low initial velocity, air resistance's effect is minimal but can slightly reduce the
height.

2. Launch Angle
- The calculation assumes a perfectly vertical shot.
- Any deviation from vertical reduces the vertical component of velocity, decreasing
maximum height.

3. Gravity Variations
- Slight variations in gravitational acceleration depending on Earth's location and altitude.

4. Initial Velocity Accuracy
- Real-world launch mechanisms might introduce variability in initial velocity.

5. Measurement Units and Precision
- Slight errors in measurement can significantly affect height calculations at such small
scales.

---

Real-World Applications and Significance

Understanding the behavior of projectiles at various speeds has practical applications
across multiple fields:

Aerospace Engineering
- Designing rockets and launch systems requires precise calculations of maximum altitude
and trajectory.

Ballistics
- Calculating projectile heights for artillery and sports.



Educational Purposes
- Demonstrating fundamental physics principles in classrooms.

Environmental Monitoring
- Using projectile motion principles to deploy sensors or measure atmospheric conditions.

---

Summary of Key Points

- The initial speed of 1.30104 km/hr converts to approximately 0.3614 m/sec.
- The maximum height attained by the projectile is roughly 6.64 millimeters.
- At such low velocity, the projectile's ascent is minimal; gravity quickly pulls it back down.
- Real-world factors like air resistance and launch angle can influence the actual height.

---

Conclusion: How High Does the Projectile Reach?

Given the initial speed of just over 0.36 meters per second, the projectile reaches an
insignificant height of about 6.64 millimeters above the Earth's surface. This illustrates the
importance of initial velocity in projectile motion; a small increase in launch speed can
dramatically increase maximum height, while a minimal speed results in negligible ascent.

For significant altitude gains, projectiles must be launched at much higher velocities, often
measured in hundreds or thousands of meters per second, depending on the application.
Understanding these principles is essential for engineers, scientists, and students exploring
the fascinating realm of physics and projectile dynamics.

---
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Frequently Asked Questions

What is the maximum height reached by a projectile
shot straight up from Earth's surface at 1.30104 km/hr?
First, convert the initial speed to m/s: 1.30104 km/hr ≈ 0.3614 m/s. Using the formula h =
v² / (2g), where g ≈ 9.8 m/s², the maximum height is approximately 0.00666 meters or 6.66
millimeters.

How does the initial velocity of 1.30104 km/hr affect the
projectile's height?
Since 1.30104 km/hr is a very low initial speed, the projectile will reach only a tiny
height—roughly a few millimeters—before falling back due to gravity.

What is the significance of converting km/hr to m/s in
projectile motion calculations?
Converting km/hr to m/s is essential because standard physics formulas for projectile height
and motion use SI units, specifically meters and seconds, for consistency and accuracy.

If the projectile is shot straight up at 1.30104 km/hr,
how long does it stay in the air?
The total flight time is approximately 0.073 seconds, calculated by t = 2v / g, which is very
brief due to the low initial velocity.

Would increasing the initial speed significantly increase
the height of the projectile?
Yes, increasing the initial speed would increase the maximum height quadratically, as
height is proportional to the square of the initial velocity.

Is shooting a projectile at 1.30104 km/hr practically
useful for reaching significant heights?
No, at this low speed, the projectile only reaches a minimal height; higher velocities are
needed for meaningful altitude gains in projectile motion.

Additional Resources
Projectile Motion Analysis: Calculating the Maximum Height of a Vertically Shot Object

When examining the fascinating world of physics, especially projectile motion,



understanding the fundamental principles that govern the movement of objects is crucial.
Today, we delve into an intriguing scenario: a projectile is shot straight up from the Earth's
surface at a specific initial speed. Our goal? To determine how high it ascends before
reaching its peak and coming to a momentary stop. This exploration not only illustrates
core physics concepts but also underscores the importance of precise calculations in real-
world applications.

---

Understanding the Scenario: The Basics of
Projectile Motion

Before diving into calculations, it’s essential to grasp the fundamental principles involved in
vertical projectile motion. When an object is launched vertically upwards, its motion is
influenced primarily by gravity, which decelerates the projectile until it reaches zero
velocity at its highest point, before it begins descending back to the Earth's surface.

Key parameters in this scenario:

- Initial velocity (u): The speed at which the projectile is shot upwards.
- Acceleration due to gravity (g): The constant acceleration exerted by Earth's gravity,
approximately 9.81 m/s² downward.
- Maximum height (H): The peak altitude the projectile reaches before descending.

---

Converting the Given Speed to Standard Units

The initial speed provided is 1.30104 km/hr. To work with SI units, which are standard in
physics calculations, we must convert this to meters per second (m/s).

Conversion process:

1. Recognize that:
- 1 km = 1000 meters
- 1 hour = 3600 seconds

2. Convert km/hr to m/s:

\[
\text{Speed in m/s} = \text{Speed in km/hr} \times \frac{1000 \text{ m}}{1 \text{ km}}
\times \frac{1 \text{ hr}}{3600 \text{ s}} = \text{Speed in km/hr} \times
\frac{1000}{3600}
\]

3. Applying the formula:



\[
u = 1.30104 \times \frac{1000}{3600} \approx 1.30104 \times 0.27778 \approx 0.3616
\text{ m/s}
\]

Result: The projectile’s initial velocity is approximately 0.3616 m/s.

---

Calculating the Maximum Height

The maximum height reached by a projectile shot vertically upward can be calculated using
kinematic equations. The key principle is that at the peak, the velocity becomes zero, and
the initial kinetic energy is entirely converted into potential energy.

Fundamental formula:

\[
H = \frac{u^2}{2g}
\]

Where:

- \( H \) is the maximum height,
- \( u \) is the initial velocity,
- \( g \) is the acceleration due to gravity.

Applying the values:

\[
H = \frac{(0.3616)^2}{2 \times 9.81} = \frac{0.1306}{19.62} \approx 0.00666 \text{
meters}
\]

Interpretation:

The projectile reaches a height of approximately 6.66 millimeters, or 0.00666 meters.

---

Implications of the Results

The computed maximum height is remarkably small — just over half a centimeter. This
outcome highlights some intriguing insights:

- Low initial velocity: The initial speed of roughly 0.36 m/s is quite slow in the context of



projectile motion. For perspective, typical human walking speeds are around 1.4 m/s, so
this projectile's speed is less than half that.

- Gravity’s dominant role: Earth's gravity is a constant force that significantly influences the
motion, especially at such low initial velocities. Since the initial speed isn't sufficient to
overcome gravity's pull substantially, the projectile won't ascend very high.

- Real-world analogy: Imagine flicking a small object gently upward; it barely gains height
before gravity pulls it back down. This calculation demonstrates why higher initial speeds
are necessary for meaningful vertical ascent.

---

Additional Considerations and Real-World
Contexts

While the theoretical calculation provides clarity, real-world scenarios often involve
complexities:

1. Air Resistance

- In our calculations, air resistance was neglected. In reality, air drag opposes the motion,
further reducing maximum height.
- For such low initial velocities, air resistance might have a relatively minor effect, but for
higher speeds, it becomes significant.

2. Measurement Accuracy

- The initial velocity's precision affects the height calculation. Small errors in speed
measurement can lead to notable differences in predicted altitude.

3. Practical Applications

- Understanding projectile motion principles is crucial in fields like ballistics, aerospace
engineering, and sports science.
- For example, determining the height of a thrown object or designing projectiles for
maximum altitude involves similar calculations.

---

Summary of Key Points

- The initial velocity, converted from km/hr to m/s, is approximately 0.3616 m/s.
- Using the kinematic equation, the maximum height reached is about 6.66 millimeters.
- The low initial speed results in minimal ascent, emphasizing the importance of initial
velocity in projectile height.



- Real-world factors such as air resistance can further influence the actual height achieved.

---

Final Thoughts: The Power of Precise Physics
Calculations

This detailed exploration underscores how fundamental physics principles allow us to
predict and analyze the behavior of moving objects with remarkable accuracy. Whether in
designing rockets, sports equipment, or understanding natural phenomena, mastering
these calculations is essential.

By starting with a simple initial speed and applying core equations, we can unveil the
hidden dynamics governing motion. In this case, the modest initial velocity leads to a
negligible ascent, illustrating that even small changes in initial speed can dramatically alter
a projectile’s trajectory.

In essence, understanding the relationship between initial velocity, gravity, and maximum
height equips engineers, scientists, and enthusiasts alike with the tools to predict
outcomes, optimize designs, and appreciate the elegant laws that govern our physical
universe.

---

Disclaimer: The calculations above assume ideal conditions—ignoring air resistance, Earth's
rotation, and other factors—which can influence real-world outcomes. For precise
engineering applications, these factors should be considered for more accurate modeling.
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