A 2 Kg Block Is Moving At 3 M/sec. A
4.0 Nt Force Is Applied In The
Direction Of Motion And Is Then
Removed

Introduction

A 2 Kg block is moving at 3 m/sec. A 4.0 N force is applied in the direction
of motion and is then removed. This scenario presents an interesting case
study in classical mechanics, illustrating fundamental concepts such as
force, acceleration, work, and energy transfer. Understanding what happens
during this process involves analyzing the effects of the applied force on
the block's motion, the resulting change in velocity, and the total work

done. This article explores these concepts in depth, providing a
comprehensive understanding of the physics involved.

Initial Conditions and Basic Concepts

Initial State of the Block

e Mass of the block, m = 2 kg
e Tnitial velocity, u = 3 m/sec

e Initial kinetic energy, KE, = (1/2) m u? = (1/2) 2 3% = 9 Joules

Force Applied

e Magnitude of force, F = 4.0 N
e Direction: In the same direction as the block's motion

e Duration of application: Unknown, but sufficient to analyze the change
in velocity and energy

Conceptual Framework

Applying a force in the direction of motion causes an acceleration, which
increases the velocity of the block. When the force is removed, the block
continues to move with the new velocity (assuming no other resistive forces
such as friction). The work done by the force translates into an increase in
the kinetic energy of the block.



Analyzing the Effect of the Force

Calculating the Acceleration

From Newton's Second Law:

a=F/m=40N/2 kg =2 m/sec?

Determining the Duration of Force Application

Since the problem does not specify the duration, we analyze the scenario
assuming the force acts for a certain time t. The change in velocity (Av) can
then be expressed as:

Final Velocity After Force Application

The final velocity, v, after the force is removed, is:

v f=u+Av =3+ 2t

Work Done by the Force and Energy
Considerations

Work—-Energy Theorem

The work done by the applied force equals the change in the kinetic energy of
the block:

W = AKE = KEz2 - KE:

where KE, is the kinetic energy after the force is removed.

Calculating the Final Kinetic Energy

KEz2 = (1/2) m v _f2 = (1/2) 2 (3 + 2t)2 = (3 + 2t)?

Work Done by the Force



where d is the distance traveled during the force application.

Connecting Distance and Time

The distance traveled while force is applied:

1. Using average velocity during the application:
Ve = (U +vy) / 2= (3+3+2t)/2=(6+ 2t)/2 =3+t

avg

2. Distance traveled:
d=v, t =(3+1t) t =23t + t?

Expressing Work Done in Terms of t

W=4 d=4 (3t + t2) = 12t + 4t?

Equating Work and Change in Kinetic Energy

AKE = KEz - KE1 = (3 + 2t)2 - 9 = (9 + 12t + 4t2) - 9 = 12t + 4t?

Solving for the Time Duration of Force
Application

Matching Work and Energy Change

12t + 4t2 = 12t + 4t>2

This confirms the consistency of the model. To find a specific value for t,
additional information such as the final velocity or total time would be
needed. However, this general formulation illustrates the relationship
between force, time, work, and energy transfer.

Final Velocity and Motion After Force Removal

Velocity After Removing the Force

Vi = 3 + 2t
Suppose the force acts for a specific duration, say t = 2 seconds:

- Final velocity: vEf = 3 + 2 2 = 7 m/sec



- Distance traveled during force application: d = 3 2 + (2)2 = 6 + 4 = 10
meters
- Work done: W =4 10 = 40 Joules

Post—-Force Motion

— Once the force is removed, the block continues to move at the final
velocity, vi.

- No further work is done unless external resistances act.

- The kinetic energy after force removal: KE, = (1/2) 2 72 = 49 Joules.

Real-World Implications and Further
Considerations

Friction and Resistance

e In real-world scenarios, resistive forces such as friction or air
resistance would oppose the motion, reducing the final velocity and
kinetic energy.

e Neglecting these forces simplifies the analysis but may not reflect
practical situations accurately.

Energy Conservation and Efficiency

1. The work done by the applied force increases the kinetic energy of the
block.

2. Efficiency considerations involve understanding how much of the work
converts into useful kinetic energy versus losses due to resistive
forces.

Summary

Applying a force in the same direction as the motion of a block results in
acceleration, increasing its velocity and kinetic energy. The work done by
the force is directly related to the change in kinetic energy and can be
calculated using principles of work and energy. When the force is removed,
the block continues with a higher wvelocity unless acted upon by other forces.
This scenario exemplifies fundamental concepts in classical mechanics,
illustrating how forces influence motion, energy transfer, and the importance
of analyzing the duration and magnitude of applied forces.



Conclusion

The case of a 2 kg block moving at 3 m/sec with a 4.0 N force applied in its
direction of motion underscores essential physics principles such as Newton's
Second Law, work—-energy theorem, and kinematic relationships. While
simplified assumptions are made, the core ideas demonstrate the relationship
between force, acceleration, work, and kinetic energy. Understanding these
interactions is fundamental to analyzing more complex motion scenarios in
physics and engineering applications.

Frequently Asked Questions

What is the initial velocity of the 2 kg block before
the force is applied?

The initial velocity of the block is 3 m/sec.

How much momentum does the 2 kg block have before the
force is applied?

The initial momentum is mass x velocity = 2 kg x 3 m/sec = 6 kg-m/sec.

What is the acceleration produced when a 4.0 N force
is applied to the 2 kg block?

Acceleration = Force / Mass = 4.0 N / 2 kg = 2 m/sec?.

How long is the force applied if it is to change the
block's wvelocity significantly?

The time depends on the desired change in velocity; using impulse-momentum
theorem, Av = F x t / m. For example, to double the velocity, t = (m x Av) /
F = (2 kg x 3 m/sec) / 4 N = 1.5 seconds.

What is the change in the block’s velocity after the
force is applied for 1 second?

Impulse = Force x time = 4 N x 1 sec = 4 N-sec. Change in velocity = impulse
/ mass = 4 N-sec / 2 kg = 2 m/sec. So, the final velocity is 3 m/sec + 2
m/sec = 5 m/sec.

What happens to the block's velocity once the force
is removed?
Once the force is removed, assuming no other forces act on the block, it

continues to move at its new velocity (e.g., 5 m/sec if force was applied for
1 second) due to inertia.



How does the applied force affect the kinetic energy
of the block?

The work done by the force increases the block's kinetic energy. For example,
applying the force for 1 second adds kinetic energy equal to the work done,
which can be calculated as W = Force x displacement during that time.

Additional Resources
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Introduction

Imagine a sleek, 2-kilogram block gliding smoothly across a frictionless
surface at a speed of 3 meters per second. Suddenly, a force of 4.0 newtons
is applied in the same direction of motion. After a certain period, this
force is turned off, leaving the block to coast freely again. While this
scenario might seem straightforward, it encapsulates fundamental principles
of classical mechanics—particularly Newton's laws of motion—and offers an
excellent opportunity to analyze how forces influence an object's velocity,
acceleration, and momentum over time. In this article, we'll delve into the
physics underlying this situation, explore the calculations involved, and
interpret what the outcomes reveal about motion and force interactions.

Setting the Stage: Initial Conditions and Assumptions

Before analyzing the effects of the applied force, it's crucial to establish
the initial parameters and assumptions:

- Mass of the Block (m): 2 kg

- Initial Velocity (u): 3 m/sec
- Force Applied (F): 4.0 N
— Time Duration of Force Application (t): To be determined based on context

- Surface Conditions: Assumed frictionless for simplicity

— Direction of Force: Same as initial motion

- Force Removal: At the end of the applied interval, force is suddenly
removed

By making these assumptions, we simplify the problem to focus on the core

physics principles, primarily Newton's second law, \( F = ma \), which
relates force, mass, and acceleration.

Understanding the Impact of the Force: Acceleration and Change in Velocity
1. Calculating Acceleration

When a force acts on an object, it causes an acceleration in accordance with
Newton's second law:

\[ a = \frac{F}{m} \]



Substituting the known values:

\[ a = \frac{4.0\, \text{N}}{2\, \text{kg}} = 2.0\, \text{m/sec}"2 \]

This means that during the period when the force is applied, the block
accelerates at a rate of 2 meters per second squared in the same direction as
its initial motion.

2. Determining the Change in Velocity

The change in velocity (\( \Delta v \)) depends on both the acceleration and
the duration of the applied force:

\[ \Delta v = a \times t \]
If we consider the force is applied for a specific duration \( t \), then:

\[ v_{final} = u + \Delta v = 3\, \text{m/sec} + 2.0\, \text{m/sec}”2 \times
t \]

For example, if the force is applied for 3 seconds:
\[ v_{final} = 3 4+ 2 \times 3 = 3 + 6 = 9\, \text{m/sec} \]

This demonstrates that the block’s velocity increases linearly with the
duration of force application.

Quantifying the Effect: Momentum and Work-Energy Considerations
1. Change in Momentum

Momentum (\( p \)) 1s the product of mass and velocity:

\[ p =m \times v \]

Initially:

\[ p_{initial} = 2\, \text{kg} \times 3\, \text{m/sec} = 6\, \text{kg-m/sec}
\]

After applying the force for time \( t \):

\[ p_{final} = 2\, \text{kg} \times v_{final} \]

Using the previous example (\( t=3\, \text{sec} \)):

\[ p_{final} = 2 \times 9 = 18\, \text{kg-m/sec} \]

The change in momentum (\( \Delta p \)):

\[ \Delta p = p_{final} - p_{initial} = 18 - 6 = 12\, \text{kg-m/sec} \]
This aligns with the impulse-momentum theorem, which states:

\[ \text{Impulse} = \text{Change in momentum} \]

and



\[ \text{Impulse} = F \times t \]
Given \ ( F=4\, \text{N} \), \( t=3\, \text{sec} \):
\[ \text{Impulse} = 4 \times 3 = 12\, \text{N-sec} \]

which matches the calculated change in momentum, confirming our
understanding.

2. Work Done by the Force

Work (\( W \)) is the force multiplied by the displacement (\( s \)) in the
direction of the force:

N[ W =TF \times s \]

Since the object accelerates, the displacement during force application is:
N[ s = u \times t + \frac{1l}{2} a t"2 \]

Using the earlier example:

\[ s = 3 \times 3 + \frac{l1l}{2} \times 2 \times 372 = 9 + \frac{l}{2} \times
2 \times 9 = 9 + 9 = 18\, \text{meters} \]

The work done:

\[ W= 4 \times 18 = 72\, \text{Joules} \]

This work translates into the kinetic energy gained by the block.
3. Kinetic Energy Considerations

Initial kinetic energy:

\[ KE_{initial} = \frac{l}{2} m u”2 = \frac{l1l}{2} \times 2 \times 372 =1
\times 9 = 9\, \text{J} \]

Final kinetic energy:

\[ KE_{final} = \frac{1}{2} \times 2 \times 972 = 1 \times 81 = 81\, \text{J}
\1

Change in kinetic energy:
\[ \Delta KE = KE_{final} - KE_{initial} = 81 - 9 = 72\, \text{J} \]

which matches the work done by the force, illustrating the conservation of
energy in the idealized scenario.

After the Force is Removed: Motion Continuing Unaffected (In Ideal
Conditions)

Once the force is removed, assuming no other forces act on the block (like
friction or air resistance), the block will continue to move at the final
velocity achieved during the force application. This is a direct consequence
of Newton’s First Law—the law of inertia.



— Post-force velocity: Equal to the velocity at the moment the force is
removed. For the example above, 9 m/sec.

— Post-force momentum: Similarly, remains constant at this new wvalue unless
acted upon by other external forces.

This continuation exemplifies the principle that, in the absence of external
forces, an object in motion stays in motion with constant velocity.

Real-World Considerations and Variations

While the simplified model assumes a frictionless surface and instantaneous
force application/removal, real-world scenarios often involve additional
factors:

— Friction or resistance: These oppose motion, causing deceleration when the
force is removed.

- Force application over variable durations: The actual time the force is
applied influences the final velocity.

- Non-constant forces: Forces might vary over time, requiring calculus-based
approaches.

- Elastic collisions or interactions: In some cases, the object might
interact with other bodies, redistributing energy.

Understanding these factors is essential for accurate modeling in practical
engineering and physics applications.

Broader Implications and Applications
The principles illustrated in this scenario extend across various fields:

— Vehicle dynamics: Accelerating a car involves applying force over time,
changing its momentum and velocity accordingly.

— Spacecraft propulsion: Engines apply thrust (force) to alter velocities,
with the principles of impulse and momentum guiding mission planning.

— Robotics: Precise control of motion relies on understanding how applied
forces influence movement over time.

— Sports science: Athletes generate forces to accelerate objects or
themselves, with energy transfer and momentum being key concepts.

Furthermore, these insights underpin technological innovations, safety
systems, and scientific research, making a fundamental understanding of
forces and motion indispensable.

Summary and Key Takeaways

- Applying a force in the same direction as an object’s motion causes
acceleration, increasing velocity and momentum.

— The magnitude and duration of the force determine how much the velocity
changes.

— The impulse-momentum theorem links force, time, and change in momentum
directly.

— Work done by the force translates into an increase in kinetic energy.

— Once the force is removed, the object continues in motion at the new



velocity i1if no other forces act upon it.
- Real-world scenarios often involve additional factors like friction, which
influence the outcome.

In essence, this simple scenario illustrates foundational concepts of
dynamics—how forces influence motion—and underscores the predictive power of
Newtonian physics. Whether in designing efficient transportation systems,
understanding natural phenomena, or developing advanced machinery, these
principles remain at the core of physics and engineering.

Closing Remarks

Understanding the physics behind a moving block subjected to an applied force
provides valuable insights into the fundamental laws governing motion. By
analyzing the interplay of force, acceleration, momentum, and energy,
scientists and engineers can predict and manipulate motion with precision. As
technology advances and our understanding deepens, these foundational
principles continue to serve as the bedrock for innovation across countless
domains.
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