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Understanding the dynamics of projectile motion is essential in physics,
especially when analyzing objects launched into the air, such as stones from
a catapult. In this article, we will explore how to determine the time it
takes for a stone, propelled with an initial velocity of 50 meters per second
(m/s), to reach a height of 100 meters. This involves applying the
fundamental principles of kinematics, the equations governing projectile
motion, and understanding the influence of gravity.

Fundamentals of Projectile Motion

Before delving into the calculations, it is crucial to understand the key
concepts involved in projectile motion.

What Is Projectile Motion?

Projectile motion describes the curved trajectory of an object thrown or
projected into the air, subject only to acceleration due to gravity (ignoring
air resistance). The motion can be separated into horizontal and vertical
components, with the vertical component being affected by gravity.

Key Parameters in Projectile Motion

— Initial velocity (u): The speed at which the object is launched. In our
case, 50 m/s.

— Angle of projection (6): The angle at which the stone is launched relative
to the horizontal.

— Maximum height (H): The highest point reached by the projectile, here 100
meters.

— Time of flight (T): The total time the projectile spends in the air.

- Acceleration due to gravity (g): Approximately 9.8 m/s? downward.

Determining the Launch Angle and Vertical
Velocity

To find the time to reach a height of 100 meters, we need to understand the
vertical component of the initial wvelocity.



Vertical Component of Initial Velocity

Given the initial speed \( u = 50\, \text{m/s} \) and launch angle \( \theta
\) :

u_y = u \sin \theta

The maximum height reached in projectile motion is given by:

\ [
H = \frac{u_y*2}{2g}
\1

Since the maximum height (H) is 100 meters, we can find the vertical
component of the initial velocity:

u_y = \sqgrt{2gH}

Plugging in the wvalues:

\ [

u_y = \sgrt{2 \times 9.8\, \text{m/s}"2 \times 100\, \text{m}} = \sqrt{1960}
\approx 44.27\, \text{m/s}

\1

Now, using \( u_y = u \sin \theta \):

\ [
\sin \theta = \frac{u_y}{u} = \frac{44.27}{50} \approx 0.8854
\1

This gives the launch angle:

\ [
\theta = \sin”{-1}(0.8854) \approx 62.36"\circ
\1

Key insight: The stone was launched at approximately 62.36 degrees to reach a
height of 100 meters with an initial speed of 50 m/s.

Calculating the Time to Reach the Maximum
Height

The time taken to reach the maximum height, where vertical velocity becomes
zero, 1is given by:

\ [
t_{up} = \frac{u_yl}{g}
\]



Substituting the known wvalue:

\ [
t_{up} = \frac{44.27\, \text{m/s}}{9.8\, \text{m/s}"2} \approx 4.52\,
\text {seconds}

\]

Since the motion up and down are symmetrical in projectile motion (assuming
no air resistance), the total time to reach the maximum height is
approximately 4.52 seconds.

Determining the Total Time of Flight

The total time the stone spends in the air depends on its vertical motion,
specifically the ascent and descent.

Time to Descend from Maximum Height

After reaching the maximum height, the stone falls back to the ground. The
time to fall from height \( H \) under gravity is:

\ [

t_{down} = \sgrt{\frac{2H}{g}}
\1]

Calculating:

\ [

t_{down} = \sgrt{\frac{2 \times 100\, \text{m}}{9.8\, \text{m/s}" 2}} =
\sgrt{20.41} \approx 4.52\, \text{seconds}

\1

This confirms the symmetry of projectile motion: the time to ascend to the
maximum height equals the time to descend.

Therefore, the total time of flight is:
T = t_{up} + t_{down} \approx 4.52 + 4.52 = 9.04\, \text{seconds}
Summary:

— Time to reach maximum height: approximately 4.52 seconds
- Total time of flight: approximately 9.04 seconds

Additional Considerations in Projectile Motion



Calculations

While the above calculations assume ideal conditions without air resistance,
real-world scenarios might involve factors that slightly alter these values.

Effects of Air Resistance

Air resistance can reduce the maximum height and total flight time,
especially for objects moving at high speeds. For precise calculations,
incorporating drag coefficients becomes necessary.

Variation with Launch Angle

The launch angle significantly influences the maximum height and range. For
maximum height, a higher launch angle (closer to 90°) is ideal, but for
maximum horizontal distance, a 45° launch angle is typically optimal.

Practical Applications

Understanding projectile motion is vital in fields such as:
- Ballistics and artillery

- Sports science (e.g., analyzing ball trajectories)

- Engineering (e.g., designing launch systems)

- Video game physics for realistic simulations

Conclusion

In conclusion, a stone propelled from a catapult with an initial speed of 50
m/s reaches a height of 100 meters at approximately 4.52 seconds after
launch, and the total time of flight is about 9.04 seconds. These
calculations underscore the importance of understanding the vertical
component of velocity and the influence of gravity in projectile motion.
Whether in scientific research, engineering, or recreational activities,
mastering these principles allows for precise predictions of an object's
trajectory.

FAQs

e Q: Can the time be different if the launch angle changes?
e A: Yes. The launch angle affects the vertical component of velocity,
altering the maximum height and total flight time. The calculations

above assume the specific angle needed to reach 100 meters with 50 m/s.

e Q: What if air resistance is considered?



e A: Air resistance would decrease the maximum height and flight time,
requiring more complex modeling to account for drag forces.

e Q: How do these calculations change with different initial speeds?

e A: Increasing initial speed increases maximum height and flight time;
decreasing it shortens both. Each scenario requires recalculating the
vertical velocity component accordingly.

Understanding the physics behind projectile motion not only satisfies
academic curiosity but also enhances practical skills in predicting outcomes
in various fields.

Frequently Asked Questions

What is the initial velocity of the stone in the
projectile motion problem?

The initial velocity of the stone is 50 m/s.

How high does the stone reach when propelled from the
catapult?

The stone attains a height of 100 meters.

What is the formula to calculate the time taken to
reach the maximum height?

Time to reach maximum height is given by t = v,y / g, where v,y is the
initial vertical component of velocity and g is acceleration due to gravity.

How do you determine the vertical component of the
initial velocity?

If the launch angle is known, the vertical component is v,y = v, sin(0). If
unknown, additional information is needed to find it.

What is the value of acceleration due to gravity used
in calculations?

Typically, g = 9.8 m/s?.

Can we find the launch angle from the given data?

Yes, using the maximum height and initial velocity, we can find the launch
angle with the formula h = (v,y)? / (29).



How do we calculate the total time of flight for the
projectile?

Total time of flight is twice the time to reach maximum height, so T = 2 t.

What is the calculation process to find the total
time taken by the stone?

First, find v,y using height data, then calculate t = v,y / g, and finally
multiply by 2 to get total time.

Given the initial speed and maximum height, how can
we verify the correctness of the time calculation?

By calculating the time to reach maximum height and the total time of flight,
then ensuring the values are consistent with projectile motion equations and
the initial conditions.

Additional Resources
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When analyzing projectile motion, one of the fundamental problems involves
determining the time taken for an object launched at a certain initial
velocity to reach a specific height. In this case, a stone propelled from a
catapult with an initial speed of 50 meters per second attains a maximum
height of 100 meters. Understanding how to calculate this time involves
applying principles of physics, particularly kinematic equations under
uniform acceleration due to gravity. This problem provides an excellent
opportunity to explore the core concepts of projectile motion, including
initial velocity components, maximum height, and time of flight, while also
demonstrating the practical applications of physics formulas in real-world
scenarios.

Understanding the Problem Setup

Before diving into calculations, it's essential to understand the parameters
and what is being asked. The problem states:

- Initial velocity of the stone, \( u = 50\, \text{m/s} \)
- Maximum height attained, \( H = 100\, \text{m} \)
— Acceleration due to gravity, \( g = 9.8\, \text{m/s}”*2 \) (standard value)

The goal is to determine the time taken to reach this maximum height, which
we'll denote as \( t \).

Assumptions Made:

— The stone is projected vertically upward (or at least, for simplicity, the
analysis is along the vertical component).

- Air resistance is neglected, assuming ideal projectile motion.



— The initial velocity is at an angle, but since maximum height depends only
on the vertical component, the problem simplifies to vertical motion
analysis.

Decomposing the Initial Velocity

In projectile motion, the initial velocity \( u \) can be broken down into
horizontal and vertical components, especially if the launch angle \( \theta
\) is known. However, because the problem directly states the initial speed
and maximum height, it implies that the initial vertical component of
velocity, \( u_y \), is responsible for reaching the height.

The vertical component of the initial velocity:
u_y = u \sin \theta

But since the problem does not specify the angle, and only provides the
initial speed and maximum height, the critical insight is that the maximum
height depends solely on the vertical component \( u_y \). Therefore, the
maximum height \( H \) can be used to find \( u_y \).

Calculating the Vertical Component of Initial
Velocity

Using the kinematic equation for maximum height attained in projectile
motion:

\ [
H = \frac{u_y"2}{2g}
\1

Rearranged to find \( u_y \):
u_y = \sqgrt{2gH}

Substituting the known values:

\ [

u_y = \sqgrt{2 \times 9.8\, \text{m/s}”*2 \times 100\, \text{m}} = \sqrt{1960}
\approx 44.27\, \text{m/s}

\1

This indicates that the vertical component of the initial velocity must be
approximately 44.27 m/s for the stone to reach 100 meters.



Determining the Launch Angle

Since the total initial velocity is given as 50 m/s, and the vertical
component is approximately 44.27 m/s, the launch angle \( \theta \) can be
calculated as:

\ [
\sin \theta = \frac{u_y}{u} = \frac{44.27}{50} \approx 0.8854
\1

\ [
\theta \approx \sin”{-1}(0.8854) \approx 62.4"\circ
\1

This suggests the stone was projected at an angle of approximately 62.4
degrees above the horizontal.

Calculating Time to Reach Maximum Height

The time to reach the maximum height, \( t \), is determined by the vertical
component of the initial velocity and acceleration due to gravity:

\ [
t = \frac{u_v}{g}
\]

Substituting the values:

\ [
t = \frac{44.27\, \text{m/s}}{9.8\, \text{m/s}"2} \approx 4.52\,
\text {seconds}

\]

Therefore, it takes approximately 4.52 seconds for the stone to reach the
maximum height of 100 meters.

Implications and Real-World Application

Understanding the time to reach maximum height is crucial in various fields,
such as ballistics, sports science, and engineering. For example, in
designing catapults or artillery, knowing how long an object spends ascending
influences timing for targeting or avoiding obstacles. Moreover, this
calculation illustrates how initial velocity and launch angle are
interconnected, providing insight into optimizing projectile trajectories.

Features and Practical Considerations:

— Precision in measurement: Accurate initial velocity and height measurements
are essential for precise calculations.

— Neglecting air resistance: Real-world scenarios involve air drag, which



would slightly alter the actual time.
— Adjusting launch angles: Different angles produce different maximum heights
and times, allowing for strategic adjustments.

Additional Insights and Related Calculations

While the primary calculation is the time to reach maximum height, further
analysis can include:

Total Time of Flight
The total time the stone spends in the air until it returns to the initial
height (assuming launch and landing at the same level):

\ [
T_{total} = 2 \times t = 2 \times 4.52 \approx 9.04\, \text{seconds}
\]

Range of the Projectile
The horizontal distance covered, which depends on the initial velocity and
angle, can be calculated if needed.

Effect of Changing Parameters

— Increasing initial speed increases maximum height and time of ascent.

— Launch angle around 45° typically maximizes range, but for maximum height,
90° is ideal.

Conclusion

The problem of calculating the time a stone takes to reach a certain height
when propelled at a known initial speed involves fundamental kinematic
equations. By isolating the vertical component of velocity and applying the
maximum height formula, we find that the vertical velocity component is
approximately 44.27 m/s. This leads to a calculated time of approximately
4.52 seconds to reach the maximum height. Such analysis not only provides
insight into projectile motion but also demonstrates the practical
application of physics principles in real-world scenarios like engineering,
sports, and artillery design.

Understanding these concepts allows for better planning and optimization of
projectile trajectories, whether for educational purposes or practical
applications. The ability to decompose motion into components, apply the
correct formulas, and interpret results is fundamental to mastering physics
and its numerous real-world uses.
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