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When analyzing the physics of falling objects, understanding the concepts of energy transformation,
particularly potential and kinetic energy, is essential. In this article, we will explore a scenario where a
25 kg object is dropped from a height of 10 meters. We will calculate the total energy of the object at
different stages of its fall, providing insights into the fundamental principles of energy conservation,
and applying relevant physics formulas. Whether you're a student preparing for exams, a physics
enthusiast, or simply curious about the science behind falling objects, this comprehensive guide will
deepen your understanding.

Understanding the Basics: Key Concepts in Energy and
Motion

Before diving into calculations, it’s important to familiarize ourselves with some fundamental physics
concepts related to objects in free fall.

Potential Energy (PE)

- Defined as the stored energy an object possesses due to its position or configuration.
- For an object at height \( h'\), the potential energy relative to the ground is calculated as:

\[

PE = m \times g \times h
\]

where:

-\( m\) is the mass of the object (in kilograms),
-\( g\) is the acceleration due to gravity (~9.8 m/s?),
-\( h) is the height above the reference point (in meters).

Kinetic Energy (KE)

- The energy an object possesses due to its motion.
- Calculated using:

\[



KE = \frac{1}{2} mv~"2
\]

where:
-\( v\) is the velocity of the object (in meters per second).

Law of Conservation of Energy

- In an ideal scenario without air resistance, the total mechanical energy remains constant.
- Total energy at any point during the fall is the sum of potential and kinetic energy:

\[
E {total} = PE + KE
\]

- As the object falls, potential energy decreases while kinetic energy increases, maintaining the total
energy constant.

Calculating the Total Energy at Different Stages

Let’s apply these principles to our specific problem involving a 25 kg object dropped from 10 meters.

Initial Energy at the Starting Point (Height \( H = 10\,m \))

At the initial height, the object has maximum potential energy and zero kinetic energy (assuming it
starts from rest).

- Potential energy:

\[
PE_{initial} = m \times g \times h = 25 \times 9.8 \times 10 = 2450\, \text{]}

\]

- Kinetic energy:

\[
KE_{initial} = 0\, \text{J}
\]

- Total energy at the start:

\[
E {total} = PE {initial} + KE_{initial} = 2450\, \text{)}
\]



Energy Just Before Impact (at Ground Level \( h = 0\,m ))

When the object reaches the ground, its potential energy becomes zero, and its kinetic energy
reaches its maximum.

- To find the velocity just before impact, we use energy conservation or kinematic equations.
Using energy conservation:

\[
PE_{initial} = KE_{final}
\]

\[
KE_{final} = PE_{initial} = 2450\, \text{J}
\]

- Solving for velocity:

\[

KE = \frac{1}{2} m v~2 \Rightarrow v = \sqrt{\frac{2 \times KE}{m}} = \sqgrt{\frac{2 \times
24503}{25}}

\]

\[

v = \sqrt{\frac{4900} {25}} = \sqrt{196} = 14\, \text{m/s}

\]

- Therefore, the velocity of the object just before hitting the ground is approximately 14 m/s.

Total energy at impact:

\[
E {total} = PE + KE = 0 + 2450\, \text{J} = 2450\, \text{J}

\]

This confirms energy conservation: the total energy remains constant throughout the fall (ignoring air
resistance).

Additional Insights: Effects of Air Resistance and Real-
World Factors



While our calculations assume an idealized environment, real-world scenarios involve factors such as
air resistance, which can affect the energy dynamics.

Impact of Air Resistance

- Air resistance opposes the motion of the falling object, causing it to reach a velocity less than the
theoretical maximum.

- As a result, some mechanical energy is converted into other forms, such as heat, due to drag.

- The actual velocity at impact would be lower than the calculated 14 m/s in real conditions.

Terminal Velocity

- For objects falling from significant heights, terminal velocity is reached when gravitational force
balances air resistance.

- For a 25 kg object, terminal velocity depends on shape, size, and air density but generally results in
a maximum speed less than the free-fall velocity calculated in ideal conditions.

Practical Applications of Energy Calculations

- Engineering safety measures, such as designing shock absorbers.
- Calculating impact forces for crash safety.
- Understanding energy transfer in various physical systems.

Summary of Key Calculations and Concepts

To encapsulate our discussion:
1. The initial potential energy of the object at 10 meters:

o PE = 2450 Joules

2. The velocity just before impact:

ov =14 m/s

3. The total energy remains constant at 2450 Joules throughout the fall, assuming no air
resistance.



Understanding the energy transformations during free fall helps in designing safer structures,
understanding natural phenomena, and solving physics problems efficiently.

Conclusion: Applying Physics to Real-World Scenarios

Calculating the total energy of a falling object provides valuable insights into fundamental physics
principles. In our case, a 25 kg object dropped from 10 meters possesses an initial potential energy of
2450 Joules, which converts entirely into kinetic energy just before impact, assuming no energy
losses. These calculations not only reinforce the law of conservation of energy but also serve as
foundational knowledge for more complex physics applications, including engineering, environmental
science, and safety analysis.

By mastering these concepts, students and professionals can better analyze motion, predict
outcomes, and innovate solutions for real-world challenges involving energy and motion.
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Frequently Asked Questions

What is the total mechanical energy of a 25 kg object falling

from a height of 10 meters just before hitting the ground?
The total energy is equal to the potential energy at the initial height since energy is conserved

(ignoring air resistance). Using E = mgh, E = 25 kg x 9.8 m/s?2 x 10 m = 2450 Joules.

How do we calculate the potential energy of an object at
height H?

Potential energy (PE) is calculated as PE = mgh, where m is mass, g is acceleration due to gravity (9.8



m/s?), and h is the height above the ground.

What is the kinetic energy of the object just before it hits the
ground?

Just before impact, all potential energy converts to kinetic energy. Therefore, KE = mgh = 2450
Joules.

At what point during the fall is the total energy of the object
maximum?

The total energy remains constant throughout the fall; it is maximum at the initial height due to
potential energy and remains equal to the sum of potential and kinetic energy at any point, but
initially, it is entirely potential energy.

How does air resistance affect the total energy of the falling
object?

Air resistance causes some energy to be dissipated as heat, so the total mechanical energy decreases
compared to the ideal case without air resistance.

If the object is at a height of 5 meters during the fall, what is
its total energy?

The total energy remains constant at 2450 Joules, but at 5 meters, potential energy is PE = 25 x 9.8
x 5 = 1225 Joules, and kinetic energy is KE = 1225 Joules, summing to the same total of 2450 Joules.

What assumptions are made when calculating the total
energy of the falling object?

The calculations assume no air resistance or other forces besides gravity, and that gravity remains
constant at 9.8 m/s? within the height range considered.

Additional Resources
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When analyzing the behavior of objects in free fall, understanding the total energy of an object at
different heights is crucial in physics. Specifically, for an object of mass 25 kg falling from a height of
10 meters, calculating the total energy at various points during its descent provides insight into
conservation of energy principles, potential energy, and kinetic energy. This guide offers a
comprehensive step-by-step process to determine the total energy of such an object at specific
heights or stages of its fall, illustrating fundamental physics concepts with clarity.



Understanding the Problem

Before diving into calculations, it's important to clarify what is being asked:

- Object specifics: Mass = 25 kg

- Initial height (H): 10 meters

- Question: Calculate the total energy of the object at various points during its fall (e.g., at the initial

height, midway, just before hitting the ground)

The main goal is to understand how the energy transforms from potential to kinetic as the object falls,
and to find the total mechanical energy at specified points.

Key Concepts and Principles

1. Mechanical Energy

The total mechanical energy (E) of a falling object is the sum of its potential energy (PE) and kinetic
energy (KE):

\[ E_{total} = PE + KE\]

2. Potential Energy (PE)
Potential energy due to gravity is given by:

\[PE=mghl\]

Where:

-\( m\) = mass of the object (kg)

-\( g \) = acceleration due to gravity (~9.8 m/s?)

-\( h'\) = height above the reference point (meters)

3. Kinetic Energy (KE)
Kinetic energy is given by:

\[ KE = \frac{1}{2} mv~"2\]

Where:
-\( v\) = velocity of the object at a given point (m/s)

4. Conservation of Mechanical Energy
In ideal conditions (without air resistance), the total mechanical energy remains constant:

\[ PE_{initial} + KE_{initial} = PE_{final} + KE_{final} \]

Since the object starts from rest at height \( H\), initial kinetic energy is zero.

Step-by-Step Calculation



Step 1: Calculate Initial Potential Energy
At the initial height \( H = 10\, \text{m} \):

\[
PE_{initial} = m g h = 25 \times 9.8 \times 10 = 2450\, \text{)}
\]

Since the object starts from rest:

\[
KE_{initial} = O\, \text{)}
\]

Total initial energy:

\[
E_{initial} = PE_{initial} + KE_{initial} = 2450\, \text{]}
\]

Step 2: Determine Velocity at Any Height \( h'\)
Using conservation of energy, the total energy at any point during the fall remains 2450 J:

\[
PE + KE = 2450\, \text{J}

\]
At height \( h\):

\[
PE=mgh
\]

\[
KE = E_{total} - PE =2450-mgh
\]

Expressing velocity \( v \):

\[

KE = \frac{1}{2} m v~2 \Rightarrow v = \sqrt{\frac{2 KE}{m}} = \sqrt{\frac{2 (E_{total} - m g
h)}{m}}

\]

Plugging in the values:

\[
v = \sqrt{\frac{2 (2450 - 25 \times 9.8 \times h)}{25}}



\]
\[

v = \sgrt{\frac{2 (2450 - 245 h)}{25}}
\]

Step 3: Calculating Velocity at Specific Heights
a) At the initial height \( h = 10\, \text{m} \):

\[
v_{initial} = 0
\]

b) At the midpoint \( h = 5\, \text{m} \):

\[

v = \sgrt{\frac{2 (2450 - 245 \times 5)}{25}} = \sqrt{\frac{2 (2450 - 1225)}{25}} = \sqgrt{\frac{2
\times 1225} {25}} = \sqrt{\frac{2450} {25} } = \sqrt{98} \approx 9.9\, \text{m/s}

\]

¢) Just before impact \( h \approx 0\, \text{m} \):
\[

v = \sqrt{\frac{2 (2450 - 0)}{25}} = \sqrt{\frac{4900} {25}} = \sqrt{196} = 14\, \text{m/s}
\]

Step 4: Confirm Total Energy at Different Heights

Since energy is conserved, the total energy at any height remains 2450 Joules, assuming ideal
conditions.

-At 10 m:

\[

PE = 2450\, \text{J}, \quad KE = 0\, \text{J}
\]

-At5m:

\[

PE = 25 \times 9.8 \times 5 = 1225\, \text{J}
\]

\[

KE = 2450 - 1225 = 1225\, \text{J}
\]



- At ground level:

\[
PE = 0\, \text{J}

\]

\[
KE = 2450\, \text{]}

\]

Visualizing Energy Transformation

| Height \( h\) | Potential Energy \( PE\) | Kinetic Energy \( KE\) | Total Energy \( E_{total} \) |
| | | | |

| 10 m | 2450)| 0] | 2450] |

| 5m|1225])|1225)|2450] |

|Om|0]J|2450)|2450]) |

This table encapsulates the core idea: as height decreases, potential energy decreases while kinetic
energy increases, maintaining a constant total energy.

Practical Considerations and Real-World Factors

While the calculations above assume an ideal scenario without air resistance, real-world conditions
introduce complexities:

- Air resistance: Slows the object, reducing the velocity at impact and slightly altering energy
conservation.

- Surface impact: The energy at impact is transferred to the surface, causing deformation, sound, or
heat.

- Terminal velocity: For very tall falls, objects reach a maximum velocity due to drag, but at 10
meters, this is negligible.

Summary and Final Insights

- Total energy of the falling object remains constant at 2450 Joules throughout the fall, under ideal
conditions.

- The potential energy decreases from 2450 ) at 10 m to 0 ] at ground level.

- The kinetic energy increases correspondingly, from 0 ] to 2450 |.

- Velocity at various heights can be calculated using energy conservation principles, with
approximately 9.9 m/s at 5 m and 14 m/s just before impact.

Conclusion



Understanding the total energy of an object falling from a height involves applying fundamental
physics principles such as conservation of energy, potential energy, and kinetic energy. For a 25 kg
object dropped from 10 meters, the energy transformation is straightforward and predictable under
ideal conditions. These calculations not only reinforce core concepts but also serve as a foundation for
more complex analyses involving air resistance, acceleration, and real-world physics applications.

Remember: The key to mastering these calculations is recognizing the relationships between energy
forms and how they interchange during motion. Whether for academic purposes or practical
engineering, this knowledge forms the backbone of dynamic analysis in physics.
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