A Stone Is Allowed To Fall From The Top Of
The Tower 100m High At The Same Moment
Another Stone Is Projected

A Stone Is Allowed To Fall From The Top Of The Tower 100m High At The Same Moment
Another Stone Is Projected is a fascinating scenario that combines fundamental principles of
physics, specifically kinematics and dynamics. This situation provides an excellent opportunity to
explore concepts such as acceleration due to gravity, projectile motion, relative velocity, and the
influence of initial conditions on motion. Understanding these principles not only deepens our grasp
of classical mechanics but also enhances our ability to analyze real-world phenomena involving
falling and projected objects. In this comprehensive article, we will examine the key aspects of this
scenario, analyze the physics involved, and discuss practical implications and applications.

Understanding the Scenario: Falling and Projected
Stones

Before diving into detailed calculations and physics principles, it is essential to clearly define the
scenario:

- A tower is 100 meters high.

- At the exact same moment the stone begins to fall freely from the top.

- Simultaneously, another stone is projected (thrown or launched) from the same height.
This setup raises several intriguing questions:

- How do the two stones' motions compare?

- Will they collide during their descent?

- How do initial velocities affect their trajectories?

- What are the key factors influencing their motion?

Understanding these aspects requires a review of basic physics concepts.

Fundamental Physics Principles Involved

1. Free Fall and Acceleration Due to Gravity



When an object is dropped from a height with no initial velocity (or negligible air resistance), it
undergoes free fall, accelerated downward by gravity. Key points include:

- Acceleration due to gravity (g): approximately 9.81 m/s? on Earth.

- Velocity at time t: \( v = g \times t ).
- Displacement after time t: \(y = \frac{1}{2} gt™2\).

2. Projectile Motion

Projectile motion involves an object launched with an initial velocity at an angle, resulting in a
curved trajectory. For simplicity, if the projection is horizontal:

- Initial velocity: \(v_0).

- Horizontal motion: constant velocity (assuming no air resistance).
- Vertical motion: similar to free fall, influenced by gravity.

3. Relative Motion and Collisions

When analyzing whether two objects collide, it is crucial to evaluate their positions as functions of
time:

- Position of falling stone: \(y f(t) \).
- Position of projected stone: \(y p(t) \).

- Collision occurs when: \(y f(t) = y p(t) \) and their horizontal positions coincide (if they have
horizontal components).

Mathematical Modeling of the Scenario

Let's define the initial conditions:

- The falling stone starts from rest at \( t = 0\) from height \( h = 100\, \text{m} \).

- The projected stone is given an initial velocity \(v_0\) at \(t = 0), from the same height \( h =
100\, \text{m} \).

2.1 Position of the Falling Stone

Since it is in free fall starting from rest:

\[
y f(t) = h-\frac{1}{2} gt™2
\]

where:



-\(y_f(t) \) is the vertical position at time \( t\),
-\(h =100\, \text{m} \),
-\(g = 9.81)\, \text{m/s} "2 ).

2.2 Position of the Projected Stone
Assuming the stone is projected vertically downward with initial velocity \( v_0\):

\[
y pt) =h-v 0t-\frac{1}{2} gt"2
\]

If the projection is horizontal, its vertical motion is identical to free fall:

\[
y p(t) = h-\frac{1}{2} g t~2
\]

but it also has a horizontal component:

\[
x(t)=v 0t
\]

which affects whether they collide, depending on the horizontal alignment.

Analyzing Possible Outcomes

3.1 When Both Stones Are Dropped Vertically
If both stones are projected vertically downward with initial velocities:

-\(v_{0,1} = 0)) for the falling stone.
-\(v_{0,2} =v 0)) for the projected stone.

The positions are:

\[

\begin{cases}

y f(t) = 100 - \frac{1}{2} g t~2\\

y p(t) =100-v 0 t-\frac{1}{2} gt~2
\end{cases}

\]

They collide when:

\[



y_f(t) =y _p(t)
\]

which simplifies to:

\[
100 - \frac{1}{2} gt"~2 =100-v O t-\frac{1}{2} gt~2
\]

Cancelling common terms:

\[
0=-vOt
\]

This yields:

which is the initial moment. Therefore, the stones are together only at the start; at any later time,
the projected stone is below or ahead depending on \( v 0).

Conclusion: If both stones are projected vertically downward, they only meet at the initial moment.
To have a collision during descent, the projected stone must have a lesser or equal initial velocity
than the free-falling stone, or different projection angles.

3.2 When the Projected Stone Is Launched Horizontally
If the stone is projected horizontally with initial velocity \( v_0\):
- Vertical position remains:

\[
y p(t) = 100 - \frac{1}{2} g t"2
\]

- Horizontal position:

\[
x(t) =v 0t
\]

In this case, the two stones share the same vertical coordinate at time \( t\). For a potential collision:

- They must be at the same height:

\[
y_f(t) = y_p(t)
\]



which always holds during free fall.
- Their horizontal positions must coincide:

\[
x_{f}(t) = x_{p}(t)
\]

but since the falling stone has no horizontal velocity, it remains at the initial horizontal position (say,
\(x=0)). The projected stone moves horizontally with velocity \( v_0), so they only collide if:

which only occurs at \( t=0). Thus, a collision in this case is unlikely unless the initial horizontal
position of the projected stone is aligned with the falling stone.

Implications and Practical Applications

Understanding the physics of stones falling and being projected from heights has numerous real-
world applications, including:

- Safety and structural design: Predicting the impact of falling debris.

- Ballistics and projectile analysis: Calculating trajectories in artillery or sports.
- Physics education: Demonstrating principles of motion and acceleration.

- Engineering simulations: Modeling complex motion for machinery or robotics.

Key Points to Remember

1. Free fall from a height of 100 meters takes approximately:

\[

t {fall} = \sqrt{\frac{2h}{g}} \approx \sqrt{\frac{2 \times 100} {9.81}} \approx 4.52\,
\text{seconds}

\]

2. An object projected downward with initial velocity \( v_0 \) will reach the ground sooner than a
freely dropped object, depending on \( v _0\).

3. Horizontal projection introduces additional complexity, involving both horizontal and vertical
components.



4. Collisions depend heavily on initial velocities, angles, and positions.

5. Air resistance is often neglected in ideal physics problems, but in real-world scenarios, it
significantly affects the motion.

Conclusion

The scenario of a stone falling from a 100-meter-high tower simultaneously with another stone being
projected involves fundamental physics concepts like free fall, projectile motion, and relative
velocity. By analyzing these motions mathematically, one can predict outcomes such as collision
points and impact times. This understanding is essential not only for academic purposes but also for
practical applications in engineering, safety, and sports. Whether analyzing the trajectory of a ball,
designing safety measures for structures, or understanding natural phenomena, grasping these
principles enables more accurate predictions and better decision-making.

Remember: The key to mastering such scenarios lies in breaking down the problem into manageable
parts, applying the laws of physics systematically, and considering all initial conditions. With
practice, analyzing complex motions becomes intuitive, opening the door to a deeper appreciation of
the physical world around us.

Frequently Asked Questions

What happens when a stone is dropped from a 100-meter-high
tower at the same time another stone is projected horizontally
from the top?

Both stones will hit the ground simultaneously if air resistance is neglected, because they fall under
gravity for the same duration.

Does the initial velocity of the projected stone affect the time
it takes to hit the ground?

Yes, the initial horizontal velocity does not affect the fall time; both stones will land simultaneously
assuming no air resistance.

How does gravity influence the fall of both stones in this
scenario?

Gravity accelerates both stones downward at the same rate (9.8 m/s?), determining their fall time
regardless of their initial states.



If the projected stone is given an initial speed upwards, will it
hit the ground before or after the dropped stone?

If projected upwards, the stone will take longer to reach the ground, so it will hit after the dropped
stone, assuming the projection speed isn't extremely high.

What is the significance of the initial projection angle in this
scenario?

The initial projection angle affects the horizontal distance traveled but does not change the fall time;
both stones still hit the ground simultaneously.

How would air resistance alter the outcome of both stones
hitting the ground?

Air resistance would slow the fall of both stones, especially the lighter or more aerodynamically
shaped one, potentially causing them to hit at different times.

Can the projected stone land ahead of or behind the dropped
stone? Why?

Yes, depending on its initial velocity and angle, the projected stone can land ahead or behind;
however, the fall time remains governed by gravity.

What is the key physics principle explaining why both stones
hit the ground simultaneously?

The principle is that all objects in free fall near Earth's surface accelerate downward at the same
rate regardless of their horizontal motion.

How would the result change if the height of the tower was
increased to 200 meters?

Both stones would still hit the ground simultaneously if dropped or projected at the same time, but
the time of fall would increase proportionally with height.

Is it necessary for the stones to be released simultaneously for
them to hit the ground together?

Yes, to ensure they hit the ground at the same time, both stones must start falling or projecting
simultaneously; otherwise, timing differences will occur.



Additional Resources

Gravity and Motion: Analyzing Simultaneous Drop and Projection of Stones from a Tower

Introduction: The Fascinating Dynamics of Falling and
Projected Objects

Imagine standing atop a towering structure, such as a 100-meter-high tower, holding two stones in
your hand. At the very same moment, you release one stone to drop freely under gravity, while
projecting the second stone horizontally or at some angle. This scenario is not just a simple act of
throwing or releasing objects; it embodies fundamental principles of physics, specifically classical
mechanics, that have intrigued scientists for centuries.

This article explores the physics behind such simultaneous actions: releasing a stone to fall freely
and projecting another from the top of the tower. We will analyze how gravity influences their
motion, compare their trajectories, and understand the underlying principles governing their
behavior. Whether you're a physics student, educator, or enthusiast, this comprehensive review aims
to deepen your understanding of this classic problem, which beautifully illustrates the concepts of
free fall, projectile motion, and the independence of orthogonal components of motion.

Understanding the Scenario: Setting the Stage

Let's define the parameters clearly:

- Height of the tower (h): 100 meters

- Time of release: Both stones are released simultaneously

- Stone 1: Allowed to fall freely from rest

- Stone 2: Projected from the top with an initial velocity (which could be horizontal or at an angle)
This setup provides an excellent framework to analyze two different but related motions:

1. Pure free fall — the stone dropped without any initial velocity in the horizontal direction.

2. Projectile motion — the stone projected with an initial velocity, combining horizontal and vertical
components.

Fundamental Principles Involved

Before delving into calculations, it's essential to understand the core physics principles:



1. Independence of Motion Components

One of the most crucial concepts in projectile physics is that horizontal and vertical motions are
independent of each other (assuming air resistance is negligible). This means:

- The vertical motion of both stones is governed solely by gravity.
- The horizontal motion of the projected stone does not influence its vertical fall.

2. Gravity's Role

Gravity imparts a constant acceleration downward (g = 9.81 m/s?). This acceleration affects both
objects identically in the vertical direction, regardless of their initial states.

3. Initial Conditions

- For the freely dropped stone:

- Initial velocity (vertical): 0 m/s

- Initial position: at the top of the tower (h = 100 m)
- For the projected stone:

- Initial velocity: specified (can be purely horizontal or at an angle)
- Initial position: same as the dropped stone (top of the tower)

Analyzing the Free Fall of the First Stone

The first stone, simply released without any initial velocity, provides a baseline for understanding
free fall under gravity.

Vertical Motion Equations

Using the equations of uniformly accelerated motion:

\[

s = ut + \frac{1}{2}gt"2
\]

Where:

-\( s\) = vertical displacement (here, h = 100 m)

-\(u ) = initial vertical velocity (0 m/s)

-\(g\) = acceleration due to gravity (9.81 m/s?)
\(t\) = time in seconds

Since the stone is dropped from rest:

\[



h =\frac{1}{2} gt~2
\]

Rearranged to find the time to hit the ground:

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

Plugging in the values:

\[

t = \sqrt{\frac{2 \times 100}{9.81}} \approx \sqrt{\frac{200}{9.81}} \approx \sqrt{20.39} \approx
4.52\, \text{seconds}

\]

Result: The free-falling stone will hit the ground after approximately 4.52 seconds.

Impact Velocity

The velocity just before impact:

\[

v=u+gt=0+ 9.81 \times 4.52 \approx 44.3\, \text{m/s}
\]

Directed vertically downward.

Analyzing the Projected Stone

The second stone's trajectory depends on its initial velocity vector.

Initial Velocity Components

Suppose the stone is projected with an initial velocity \( v_0), at an angle \( \theta \) with respect to
the horizontal:

- Horizontal component: \(v_{x} = v 0 \cos \theta )
- Vertical component: \( v _{y} = v 0 \sin \theta \)



Vertical Motion of the Projected Stone

Using similar equations:

\[

sy=v {y}t-\frac{1}{2} gt™~2

\]

The negative sign indicates downward displacement.

The vertical displacement after time \( t\):

\[
h =v 0\sin \theta \times t - \frac{1}{2} gt™2
\]

The time to reach the ground (assuming it starts at height \( h = 100\, \text{m} \)) can be found by
solving:

\[

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

This is a quadratic in \(t\):

\[
\frac{1}{2} gt™~2-v 0\sin \theta \timest-h =0
\]

Rearranged:

\[
gt™2-2v 0\sin \theta \times t- 2h = 0
\]

Applying the quadratic formula:

\[

t = \frac{2 v_0 \sin \theta \pm \sqrt{(2 v_0 \sin \theta)~2 + 8 g h}}{2 g}
\]

Since time cannot be negative, choose the positive root.

Impact Time and Velocity

The time to impact depends on \( v_0\) and \( \theta \). For various initial velocities:

- Horizontal projection (\( \theta = 0”\circ \))



- Angled projection (\( \theta > 0™\circ \))
The impact velocity, combining horizontal and vertical components at impact:

\[
v {impact} = \sqrt{v {x}"2 + v {y} "2}
\]

with

\[

v_{x} = v_0\cos \theta

\]

\[

v {y} =v_0\sin\theta + gt
\]

Note: The vertical velocity at impact increases due to gravity during the flight.

Key Observations and Insights

1. Impact Time Comparison

- The freely dropped stone's impact time is fixed by the height and gravity, approximately 4.52
seconds.

- The projected stone's impact time varies with initial velocity and angle:

- With a high initial vertical component, impact occurs sooner.

- With a purely horizontal projection, impact time is generally longer, unless \( v_0) is very high.

2. Relative Impact Velocities

- The free fall impact velocity (~44.3 m/s) is predictable.

- The projected stone's impact velocity depends on initial conditions:

- Higher initial velocity components increase impact speed.

- The vertical component at impact combines initial vertical velocity and the effect of gravity over
time.

3. Trajectory Shapes

- Free fall: Straight downward parabola (a vertical line if neglecting lateral motion).
- Projectile: Parabolic path, with horizontal motion constant and vertical motion accelerated.

4. Simultaneous Release Dynamics
- Despite being released at the same time, the stones generally do not hit the ground simultaneously

unless specific initial velocities are chosen.
- The free fall stone will always hit at about 4.52 seconds.



- The projectile's impact time can be adjusted by initial velocity, making it either earlier or later than
the free fall.

Practical Implications and Educational Significance

This scenario is a cornerstone in physics education, providing tangible insights into:

- The independence of motion components: Demonstrating that horizontal motion does not influence
vertical acceleration.

- Time of flight calculations: Understanding how initial velocity influences trajectory duration.

- Impact velocity considerations: Recognizing factors affecting impact speeds, crucial for safety
assessments.

- Experimental design: Designing experiments to verify theoretical predictions, such as measuring
impact times and velocities.

Real-World Applications and Considerations

While the idealized physics scenario neglects air resistance, real-world applications must account for
factors such as:

- Air drag: Slowing down objects, especially at high speeds.

- Wind effects: Altering trajectories.

- Material properties: Impact durability and safety considerations.

- Engineering design: For example, in ballistics, parachute deployment, or sports science.

Understanding the physics behind simultaneous drop and projection informs engineering designs,
safety protocols, and even the development of sports equipment.

Conclusion: The Elegance of Physics in Motion

The simultaneous release and projection of stones from a
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