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An Object With A Mass Of 1.5 Kg Changes Its Velocity From +15 M/s To +22 M/s During A
Time Interval Of provides an excellent opportunity to explore fundamental concepts in physics
related to motion, force, momentum, and energy. Understanding how an object's velocity changes
over a given time frame allows us to delve into the principles underlying Newtonian mechanics,
analyze the implications of acceleration, and appreciate the significance of force and work in
dynamic systems. This article aims to examine these concepts comprehensively, starting from basic
definitions to detailed calculations, and discussing their real-world applications.

Understanding the Basic Concepts

Velocity and Its Significance

Velocity is a vector quantity that describes both the speed of an object and its direction of motion. In
this context:

- The initial velocity (\( v_i\)) is +15 m/s.

- The final velocity (\( v \)) is +22 m/s.

The positive sign indicates that the motion is in a specific direction, which we can assume as
"forward" for the purpose of this analysis.

Mass and Its Role in Dynamics

Mass (\( m)) is a scalar quantity representing the amount of matter in an object. In Newtonian
physics:

- Mass determines how much an object resists changes in its motion (inertia).

- It is fundamental in calculating force, momentum, and kinetic energy.

Calculating the Change in Velocity and Acceleration

Change in Velocity (\( \Delta v \))

The change in velocity is simply the difference between final and initial velocities:
\[

\Deltav =v f-v i= 22\ \text{m/s} - 15\, \text{m/s} = 7\, \text{m/s}

\]

This indicates the object has increased its speed in the same direction.



Determining the Acceleration

Acceleration (\( a\)) is the rate of change of velocity over time:

\[
a = \frac{\Delta v} {\Delta t}

\]
Where:
-\(\Delta t ) is the time interval during which the velocity change occurs.

To proceed with calculations, the duration of the time interval (\( \Delta t \)) must be known or
assumed. Without this, we can discuss the relationship between acceleration and time generally.

Analyzing the Force and Work Involved

Newton’s Second Law of Motion

According to Newton's second law:

\[

F {net} = m \times a

\]

Where:

-\(F {net}\) is the net force applied to the object.
-\(m) is mass (1.5 kg).

-\(a\) is acceleration.

Once \( a) is known, the net force responsible for the change in velocity can be calculated directly.

Calculating the Force (Given a Time Interval)

Suppose the time interval \( \Delta t \) is known; for example, let’s assume:
-\(\Delta t = 5\) seconds.

Then:

\[

a = \frac{7\, \text{m/s}} {5\, \text{s}} = 1.4\, \text{m/s} "2

\]

And the net force becomes:

\[

F {net} = 1.5\, \text{kg} \times 1.4\, \text{m/s}"~2 = 2.1\, \text{N}
\]

This force acts in the direction of the velocity change.

Work-Energy Relationship

The work done on the object is related to its change in kinetic energy:
\[



W = \Delta KE = \frac{1}{2} mv £°2 - \frac{1}{2} mv i"2

\]

Calculating:

\[

W = \frac{1}{2} \times 1.5\, \text{kg} \times (2272 - 15"2)\, \text{m} ~2/\text{s} "2
\]

\[

W = 0.75 \times (484 - 225) = 0.75 \times 259 = 194.25\, \text{J}

\]

This means approximately 194.25 Joules of work are done on the object to increase its velocity from
15 m/s to 22 m/s.

Implications of the Velocity Change

Momentum Change
Momentum (\( p \)) is given by:

\[

p = m \times v

\]

Initial momentum:

\[

p i= 1.5\ \text{kg} \times 15\, \text{m/s} = 22.5\, \text{kg-m/s}
\]

Final momentum:

\[

p f= 1.5\ \text{kg} \times 22\, \text{m/s} = 33\, \text{kg-m/s}
\]

The change in momentum:

\[

\Deltap=p f-p i=33-22.5=10.5)\ \text{kg-m/s}

\]

This change must be caused by an external force applied over the time interval.

Real-World Applications

Understanding these principles allows engineers and scientists to design systems involving motion:
- Vehicle acceleration and deceleration

- Athletic performance optimization

- Mechanical systems where precise force applications are necessary

- Safety features like airbags that involve rapid changes in velocity

Additional Considerations and Variations



Variable Forces and Non-Constant Acceleration

In real-world scenarios, forces may vary over time, leading to non-uniform acceleration. In such
cases, calculus (integrals) are used to analyze the velocity and energy changes.

Energy Conservation and Dissipation

Not all work results in kinetic energy; some may be dissipated as heat or sound, especially in non-
ideal systems. Friction and air resistance are common factors affecting the net energy transfer.

Impact of Different Time Intervals

- Shorter \( \Delta t \): larger acceleration and force
- Longer \( \Delta t \): smaller acceleration, more gradual velocity change

Conclusion

The scenario of an object with a mass of 1.5 kg changing its velocity from +15 m/s to +22 m/s during
a specified time interval encapsulates core principles of classical mechanics. By examining the
change in velocity, acceleration, force, work, and momentum, we gain insight into the dynamic
interactions that govern motion. Whether in designing vehicles, sports equipment, or mechanical
systems, understanding these fundamental relationships enables precise control and optimization of
motion. The detailed calculations and theoretical insights outlined here form the foundation for more
complex analyses and practical applications across various fields of physics and engineering.

Frequently Asked Questions

What is the change in velocity of the object with a mass of 1.5
kg as it accelerates from +15 m/s to +22 m/s?

The change in velocity is +7 m/s (from +15 m/s to +22 m/s).

How do you calculate the acceleration of the object during this
velocity change?

Acceleration is calculated as the change in velocity divided by the time interval, a = Av / At.

If the object's velocity increases from +15 m/s to +22 m/s over
5 seconds, what is its average acceleration?

The average acceleration is (22 - 15) m/s divided by 5 s, which equals 1.4 m/s?.



What is the impulse experienced by the object during this
velocity change?

Impulse is equal to the change in momentum: Ap = m X Av = 1.5 kg x 7 m/s = 10.5 kg-m/s.

How much force is applied to the object if the velocity change
occurs over 3 seconds?

Force = impulse / time = 10.5 kg'm/s / 3 s = 3.5 N.

What is the kinetic energy of the object at the initial and final
velocities?

Initial KE = 0.5 x 1.5 kg x (15 m/s)? = 168.75 J; Final KE = 0.5 x 1.5 kg X (22 m/s)? = 363 ].

Does the object's kinetic energy increase or decrease during
this velocity change?

The kinetic energy increases from 168.75 J to 363 ], so it increases during the velocity change.

What is the significance of the time interval in analyzing the
velocity change?

The time interval is crucial for calculating acceleration, force, and impulse, as it determines how
quickly the velocity change occurs.

Additional Resources

An Object With A Mass Of 1.5 Kg Changes Its Velocity From +15 M/s To +22 M/s During A Time
Interval Of

Introduction

Understanding the dynamics of objects in motion is fundamental to the study of physics. When an
object with a known mass changes its velocity over a specific time interval, it becomes possible to
analyze the forces involved, the corresponding acceleration, and the implications for energy
transfer. In this analysis, we scrutinize a 1.5 kg object that undergoes a velocity increase from +15
m/s to +22 m/s, a scenario that encapsulates key principles of Newtonian mechanics and energy
conservation.

This article aims to delve deeply into the mechanics of this velocity change, exploring how to
calculate acceleration, force, and work done, as well as examining real-world contexts where such
motion profiles are relevant. By adopting an investigative approach, we seek to elucidate the
underlying physics and provide insights applicable to educational, engineering, and scientific



research domains.

Fundamental Parameters and Initial Observations
- Mass of the object (m): 1.5 kg

- Initial velocity (u): +15 m/s

- Final velocity (v): +22 m/s

- Change in velocity (Av): v-u = +7 m/s

The positive signs indicate that the object moves in a defined positive direction, and the velocity
change signifies acceleration in that same direction.

Determining the Time Interval

The core of the investigation hinges on the duration during which this velocity change occurs. While
the problem statement mentions "during a time interval of," it doesn't specify the exact duration. For
comprehensive analysis, we consider the general case where the time interval is denoted as At
seconds.

Understanding the time duration is essential to quantify acceleration, force, and work involved.

Without a specified At, calculations will be expressed in terms of At, enabling flexibility for various
scenarios.

Calculating Acceleration

Acceleration reflects how quickly the velocity of an object changes with time. It is defined as:
\[ a = \frac{\Delta v}{\Delta t} \]

Given the change in velocity (7 m/s), the acceleration can be expressed as:

\[ a = \frac{7\, \text{m/s}}{\Delta t} \]

This simple relation emphasizes that the magnitude of acceleration depends inversely on the
duration of the velocity change.

Implications:

- A shorter At results in a higher acceleration.
- A longer At indicates a gentler acceleration.

Force Analysis



Newton’s Second Law relates force to mass and acceleration:

\[ F = m \times a \]

Substituting the acceleration:

\[ F = 1.5\, \text{kg} \times \frac{7\, \text{m/s} } {\Delta t} = \frac{10.5\, \text{kg-m/s}}{\Delta t} \]
This force is the average net force applied during the interval. It depends on how quickly the velocity

change occurs (At). The nature of this force could be due to engine thrust, friction, or other external
influences, depending on the context.

Work Done and Energy Considerations

The work-energy theorem states that the work done on an object equals its change in kinetic energy:
\[ W = \Delta KE = KE {final} - KE {initial} \]

Calculating kinetic energies:

- Initial KE:

\[ KE {initial} = \frac{1}{2} m u™2 = \frac{1}{2} \times 1.5\, \text{kg} \times (15\, \text{m/s})"2
= 0.75 \times 225 = 168.75\, \text{J} \I

- Final KE:

\[ KE {final} = \frac{1}{2} \times 1.5\, \text{kg} \times (22\, \text{m/s})"~2 = 0.75 \times 484 =
363\, \text{J} \]

- Change in kinetic energy:
\[ \Delta KE = 363\, \text{J} - 168.75\, \text{J} = 194.25\, \text{J} \]

This indicates that approximately 194.25 Joules of work must be done on the object during the
velocity increase.

Note: The actual work depends on the forces applied and the distance over which they act, which
can be related to acceleration and At if the displacement is known.

Displacement During the Acceleration

The object's displacement during the velocity change can be derived assuming constant
acceleration:

\[s=u\Deltat + \frac{1}{2} a (\Delta t)"~2\]



Substituting known expressions:

\[ s = 15\, \text{m} \times \Delta t + \frac{1}{2} \times \frac{7\, \text{m/s} } {\Delta t} \times (\Delta
t)~2\]

Simplifies to:
\[ s = 15\, \text{m} \times \Delta t + \frac{1}{2} \times 7\, \text{m/s} \times \Delta t \]

\[ s = 15\, \text{m} \times \Delta t + 3.5\, \text{m} \times \Delta t = (15 + 3.5) \times \Delta t =
18.5\, \text{m} \times \Delta t \]

This indicates that displacement is directly proportional to the time interval, scaled by 18.5 m.

Contextual Scenarios and Practical Implications

Understanding the physical quantities involved enables us to analyze real-world situations where
such velocity changes are relevant.

1. Automotive Acceleration

Imagine a car with a mass of approximately 1.5 kg (e.g., a lightweight drone or small vehicle)
accelerating from 15 m/s (~54 km/h) to 22 m/s (~79 km/h). The acceleration duration significantly
influences engine power requirements and energy consumption.

- For a At of 5 seconds:

- Acceleration:

\[ a = \frac{7}{5} = 1.4\, \text{m/s} "2 \]

- Force:

\[ F =1.5\times 1.4 = 2.1\, \text{N} \]

- Displacement:

\[ s = 18.5 \times 5 = 92.5\, \text{m} \]

- Work done:

\[ 194.25\, \text{J} \]

This demonstrates that over 5 seconds, a modest force suffices to accelerate the object, and the
energy transfer is manageable.

2. Physics Education and Demonstrations

Such calculations serve as excellent teaching tools to illustrate the relationships between force,



acceleration, and energy. For example:

- Demonstrating how reducing At increases the force needed.
- Visualizing the impact of acceleration on kinetic energy.

3. Engineering Design

Designing systems like conveyor belts, robotic arms, or launch mechanisms requires precise
calculations of force and energy for specified velocity changes over desired timeframes.

Advanced Considerations

While the above analysis assumes ideal conditions—constant acceleration and no external forces
such as friction or air resistance—real-world applications often involve more complex factors.

Air Resistance and Friction:
These forces oppose motion and require additional force to maintain the same acceleration,
increasing energy consumption.

Variable Acceleration:
In many cases, acceleration isn't uniform. Analyzing such scenarios necessitates calculus-based
methods to integrate force and energy over a non-uniform acceleration profile.

Energy Losses:
Real systems experience losses, so the actual work input exceeds the change in kinetic energy.

Conclusion

The movement of an object with a mass of 1.5 kg changing its velocity from +15 m/s to +22 m/s
during a given time interval exemplifies core principles of classical mechanics. By analyzing the
parameters—initial and final velocities, mass, acceleration, force, displacement, and work—we gain
comprehensive insights into the forces and energy involved in such motion.

The central takeaway is the direct relationship between the time over which acceleration occurs and
the magnitude of forces and energy required. Faster accelerations demand higher forces and result
in greater energy transfer over shorter durations, while longer intervals allow for gentler forces and
more efficient energy use.

This scenario underscores the importance of timing in mechanical systems, whether in vehicle
dynamics, robotic motion planning, or physics education. It also highlights the necessity of precise
measurements and calculations to predict and optimize motion profiles in engineering applications.

Understanding these fundamental relations not only enriches theoretical knowledge but also equips
practitioners to design safer, more efficient, and more responsive mechanical systems.
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