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Understanding the Scenario: A Ball Of Mass 5.0
Kg Is Lifted Off The Floor A Distance Of 1.7m.
What Is The Change In Gravitational Potential
Energy?

When examining the physical process of lifting an object, particularly a ball
with a given mass, it is essential to understand how the energy dynamics
operate. In this scenario, a ball with a mass of 5.0 kg is lifted vertically
from the floor to a height of 1.7 meters. The primary question is: what is
the change in gravitational potential energy (GPE) as a result of this
action? To answer this, we need to explore the fundamental concepts of
gravitational potential energy, the formula involved, and the physical
implications of lifting an object in Earth's gravitational field.

Fundamental Concepts of Gravitational Potential
Energy

What is Gravitational Potential Energy?

Gravitational potential energy (GPE) is the energy stored in an object due to
its position relative to a reference point, typically the ground or the
Earth's surface. It reflects the work done against gravity to move the object
from a reference point to its current position. When an object is lifted,
work is done on it, and this work is stored as GPE.

Mathematical Expression of GPE

The change in gravitational potential energy when an object is moved from one
height to another is given by the formula:

e \( \Delta U = m g \Delta h \)

where:
e \(m \) = mass of the object
e \( g \) = acceleration due to gravity (approximately 9.8 m/s’ on Earth)

e \( \Delta h \) = change in height



Calculating the Change in Gravitational
Potential Energy

Given Data

1. Mass of the ball, \( m = 5.0\, \text{kg} \)
2. Height lifted, \( \Delta h = 1.7\, \text{m} \)

3. Acceleration due to gravity, \( g = 9.8\, \text{m/s}"2 \)

Applying the Formula

Using the formula for change in GPE:

\( \Delta U = m g \Delta h \)

Substituting the known values:

\( \Delta U = 5.0\, \text{kg} \times 9.8\, \text{m/s}"2 \times 1.7\, \text{m}
\)

Performing the Calculation

\( \Delta U = 5.0 \times 9.8 \times 1.7 \)
\( \Delta U = 5.0 \times 16.66 \approx 83.3\, \text{J} \)
Result

The change in gravitational potential energy when the ball is lifted 1.7
meters off the floor is approximately 83.3 Joules.

Physical Interpretation of the Result

Energy Transfer During Lifting

The work done by the lifting force is converted into gravitational potential
energy stored in the ball. This energy is a measure of how much effort was



required to lift the ball to that height against Earth's gravity.

Significance of the GPE Change

e The positive value indicates an increase in stored energy.

e This energy can be recovered if the ball is allowed to fall back to the
ground, converting GPE into kinetic energy.

e The amount of energy (83.3 J) corresponds to the work input needed to
lift the ball, assuming no losses.

Additional Considerations

Work-Energy Principle

The work done to 1lift the ball equals the change in its gravitational
potential energy. The work done by the lifting force must at least match this
energy increase.

Factors Affecting the Calculation

e Friction or air resistance can cause additional work to be done,
increasing the energy required in real-world scenarios.

e If the 1lifting is done at a constant speed, the force applied equals the
weight of the ball (5.0 kg \ (\times\) 9.8 m/s’).

Broader Implications and Real-World
Applications

Energy Conservation and Mechanical Work

This calculation exemplifies the principle of conservation of energy,
demonstrating how mechanical work translates into stored potential energy.

Practical Applications

e Designing lifting equipment and elevators involves calculating energy
requirements based on mass and height.



e Understanding potential energy is crucial in fields such as civil
engineering, physics, and mechanics.

e In sports, such as weightlifting, energy expenditure can be analyzed
using similar principles.

Summary and Final Remarks

In conclusion, lifting a 5.0 kg ball vertically by 1.7 meters increases its
gravitational potential energy by approximately 83.3 Joules. This energy
change is a direct result of the work done against Earth's gravity and serves
as a fundamental illustration of energy transfer in physics. Whether in
engineering, natural phenomena, or everyday activities, understanding how
gravitational potential energy relates to height and mass is wvital for
analyzing and designing systems that involve lifting and elevation.

Frequently Asked Questions

What is the formula to calculate the change in
gravitational potential energy when lifting an
object?

The change in gravitational potential energy (AU) is given by AU = m g h,

where m is mass, g is acceleration due to gravity, and h is the height
lifted.

How much work is done in lifting a 5.0 kg ball to a
height of 1.7 meters?

The work done is equal to the change in gravitational potential energy, which
is W= 5.0 kg 9.8 m/s® 1.7 m = 83.3 Joules.

What is the significance of gravitational potential
energy in physics?

Gravitational potential energy represents the stored energy of an object due
to its position in a gravitational field, which can be converted into kinetic
energy when the object falls.

If the ball is lifted to a height of 1.7 meters, what
is the increase in gravitational potential energy?

The increase in gravitational potential energy is 83.3 Joules, calculated as
5.0 kg 9.8 m/s? 1.7 m.

How does the mass of an object affect the change in



gravitational potential energy when lifted?

The change in gravitational potential energy is directly proportional to the
mass; increasing the mass increases the energy stored when lifted to the same
height.

What assumptions are made when calculating the change
in gravitational potential energy in this scenario?

It is assumed that the acceleration due to gravity is constant at 9.8 m/s?
and that the lifting occurs in a uniform gravitational field without other
forces like air resistance affecting the calculation.

Can the change in gravitational potential energy be
negative?

Yes, it can be negative if the object is lowered, indicating a loss of
potential energy as it moves closer to the ground.

Additional Resources

A Ball Of Mass 5.0 Kg Is Lifted Off The Floor A Distance Of 1.7m. What Is The
Change In Gravitational Potential Energy?

Understanding the concept of gravitational potential energy (GPE) and its
calculation is fundamental in physics, especially when analyzing the work
done in lifting objects against gravity. When a ball of mass 5.0 kg is lifted
to a height of 1.7 meters above the ground, it undergoes a change in
gravitational potential energy. This change reflects the energy required to
elevate the object, which is stored as potential energy that can be converted
into other forms, such as kinetic energy, when the object is released. In
this comprehensive review, we'll explore the principles behind gravitational
potential energy, walk through the step-by-step calculation for this specific
scenario, analyze the implications, and discuss related concepts in physics.

Understanding Gravitational Potential Energy
(GPE)

Definition and Significance

Gravitational potential energy is the energy stored in an object due to its
position relative to a reference point, typically the Earth's surface. It
reflects the work done to move an object against the gravitational force.
When an object is lifted, energy is supplied to overcome gravity, resulting
in an increase in GPE.

Mathematically, GPE is expressed as:
\[ \text{GPE} = mgh \]

where:
- \(m \) = mass of the object (kg)
- \( g \) = acceleration due to gravity (~9.8 m/s? on Earth)



- \( h \) = height above the reference point (m)

This formula assumes the gravitational field is uniform, which is wvalid for
small height differences relative to Earth's radius.

Physical Intuition

Imagine lifting a ball from the ground to a certain height. As you 1lift, your
muscles do work, transferring energy into the ball. The higher the ball is
lifted, the more work you do, and consequently, the more gravitational
potential energy the ball gains. This stored energy can later be released,
for instance, when the ball falls back to the ground, converting potential
energy into kinetic energy.

Calculating the Change in Gravitational
Potential Energy for the Given Scenario

Given Data

- Mass of the ball, \( m = 5.0\, \text{kg} \)
- Height lifted, \( h = 1.7\, \text{m} \)
— Acceleration due to gravity, \( g = 9.8\, \text{m/s}"2 \)

Step-by-Step Calculation

The change in gravitational potential energy (\( \Delta \text{GPE} \)) when
lifting the ball from the floor to 1.7 meters is given by:
\[ \Delta \text{GPE} = m g h \]

Plugging in the wvalues:
\[ \Delta \text{GPE} = 5.0\, \text{kg} \times 9.8\, \text{m/s}"2 \times 1.7\,
\text{m} \]

Calculating:

\[ \Delta \text{GPE} 5.0 \times 9.8 \times 1.7 \]
\[ \Delta \text{GPE} = 5.0 \times 16.66 \]

\[ \Delta \text{GPE} \approx 83.3\, \text{J} \]

Thus, the gravitational potential energy increases by approximately 83.3
Joules when the ball is lifted 1.7 meters off the floor.

Understanding the Results and Their
Implications

Energy Required to Lift the Ball

The calculation indicates that about 83.3 Joules of work must be done to lift
the 5 kg ball to a height of 1.7 meters against gravity. This energy is
stored as gravitational potential energy. If the lifting process is efficient



(ignoring losses), then the work input equals the increase in GPE.

Physical Significance

— The energy stored can be recovered if the ball falls back, converting GPE
into kinetic energy.

— The amount of energy provides insights into the effort necessary to perform
manual lifting or to design mechanical systems involving lifting.

Factors Influencing the Calculation

Assumption of Uniform Gravity

The calculation assumes a constant gravitational acceleration of 9.8 m/s?.
For small height differences like 1.7 meters, this is accurate. However, for
larger height differences or different planetary bodies, \( g \) may vary
significantly.

Neglecting Friction and Other Losses

The calculation does not account for energy losses due to:

— Friction in lifting mechanisms

— Air resistance

— Mechanical inefficiencies

In real-world scenarios, more energy would be required than the theoretical
calculation suggests.

Reference Point Consideration

The potential energy change is relative to the initial position (the ground).
If the initial position were different, the change in GPE would be calculated
based on the relative heights.

Broader Context and Related Concepts

Work-Energy Theorem

The work done to 1lift the object is equal to the change in kinetic plus
potential energy (assuming no energy losses). In this case, all work converts
into potential energy, so:

\[ \text{Work} = \Delta \text{GPE} \approx 83.3\, \text{J} \]

Power and Time Considerations

If one lifts the ball over a specific period, the power output can be
calculated as:

\[ P = \frac{\text{Work}}{\text{Time}} \]

This is relevant in mechanical design and human physiology.



Energy Conservation and Safety

Understanding GPE is crucial in safety assessments, especially in designing
lifting equipment to prevent accidents caused by sudden releases of stored
enerqgy.

Pros and Cons of Using Gravitational Potential
Energy Calculations

Pros:

— Provides a straightforward way to quantify energy changes during lifting.
— Useful in designing and analyzing mechanical systems, cranes, elevators,
etc.

— Fundamental in physics education to demonstrate energy conservation.

Cons:

— Assumes ideal conditions, ignoring losses.

- Limited to scenarios where gravity is uniform and the reference point is
well-defined.

— Does not account for other forms of energy or forces involved in complex
systems.

Additional Features and Real-World Applications

— Engineering Applications: Calculating the energy needed for lifting objects
in construction, manufacturing, and transportation.

— Physics Education: Demonstrating the principles of energy conservation.

— Environmental Impact: Understanding energy expenditure in manual lifting
vs. mechanized methods.

- Safety Design: Ensuring lifting equipment can handle the energy stored
during operations.

Conclusion

The question of "What is the change in gravitational potential energy when
lifting a 5.0 kg ball by 1.7 meters?" encapsulates core physics principles
related to energy conservation and force analysis. The calculated increase of
approximately 83.3 Joules illustrates how energy input translates into stored
potential energy, ready to be converted back into kinetic when needed. This
fundamental understanding not only aids in solving academic problems but also
has practical implications across engineering, safety, and environmental
considerations. Mastery of these concepts enables better design, efficiency,
and safety in real-world applications involving lifting and energy
management.
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