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Understanding the motion of objects on surfaces is a fundamental aspect of physics. When analyzing
the movement of a cart with a mass of 10 kg on a level table, especially when subjected to an
external pulling force of 10 N, it is essential to consider the principles governing forces, motion, and
energy. In this article, we explore the dynamics of such a system, focusing on the absence of frictional
losses, the effect of the applied force, and the resulting motion of the cart.

Basic Concepts and Principles Involved

Newton's Laws of Motion

The behavior of the 10 kg cart when pulled by a 10 N force can be explained using Newton's Laws:

- First Law (Inertia): An object at rest stays at rest, and an object in motion continues in motion at
constant velocity unless acted upon by an external force.

- Second Law: The acceleration \(a\) of an object is directly proportional to the net force \(F\) acting on
it and inversely proportional to its mass \(m\), expressed as \(F = m \times a\).

- Third Law: For every action, there is an equal and opposite reaction.

Given the absence of friction, the net force acting on the cart is solely due to the applied force.

Role of Frictionless Surfaces

In real-world scenarios, friction opposes motion and dissipates energy as heat. However, in idealized
physics problems, assuming a frictionless surface simplifies analysis by removing resistive forces. This
assumption allows us to focus on the effects of the applied force and the mass of the object on its
acceleration and velocity.



Analyzing the Motion of the Cart

Calculating the Acceleration

Given:

- Mass of the cart, \(m = 10\, \text{kg}\)
- Applied force, \(F = 10\, \text{N}\)
- Frictional force, \(f_{friction} = 0\, \text{N}\) (assumed to be zero)

Applying Newton's second law:

\[
a = \frac{F_{net}}{m}
\]

Since no friction is present:

\[
a = \frac{10\, \text{N}} {10\, \text{kg}} = 1\, \text{m/s} "2
\]

This means the cart accelerates at a constant rate of 1 meter per second squared.

Velocity and Displacement Over Time

Assuming the cart starts from rest, its velocity \(v\) after time \(t\):

\[
v=v_0+al\timest
\]

where \(v_0 = 0\):

\[
v=0+ 1\timest = t\, \text{m/s}
\]

Displacement \(s\) after time \(t\):

\[
s=v_0\timest + \frac{1}{2} at"2
\]

\[
s =0+ \frac{1}{2} \times 1 \times t~2 = \frac{1}{2} t°2\, \text{meters}



\]

This indicates that the cart's position changes quadratically with time, moving faster as time
progresses.

Energy Considerations

Kinetic Energy of the Cart

The kinetic energy (KE) at any time is:

\[

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

\]

Substituting \(v = t\):

\[

KE = \frac{1}{2} \times 10 \times t~2 = 5 t™2\, \text{joules}
\]

As time increases, the kinetic energy increases proportionally to \(t~2\), reflecting the continuous
acceleration.

Work Done by the Force

The work \(W\) done by the applied force over displacement \(s\):

\[

W = F \times s
\]

Since:

\[

s =\frac{1}{2} at”2 =\frac{1}{2} \times 1 \times t"~2 = \frac{1}{2} t"2
\]

Work done:

\[
W = 10\, \text{N} \times \frac{1}{2} t~2 = 5 t"2\, \text{joules}
\]



This matches the kinetic energy, confirming the work-energy theorem: the work done by the force
equals the increase in the system's kinetic energy.

Implications and Real-World Applications

Idealized vs. Real Conditions

While the above analysis assumes no frictional losses, real-world scenarios involve resistive forces
such as:

- Rolling resistance
- Air resistance
- Surface imperfections

In such cases, the net force would be:

\[
F {net} = F {applied} - f {resistance}
\]

and the acceleration would be less than calculated.

Applications in Engineering and Physics

Understanding such idealized systems helps in:

- Designing efficient transportation systems

- Analyzing the fundamental principles of motion

- Developing simulations for more complex systems

- Teaching concepts of force, acceleration, and energy transfer

Summary and Key Takeaways

- An external force of 10 N applied to a 10 kg cart on a frictionless, level surface causes a constant
acceleration of 1 m/s\("~2\).

- The velocity of the cart increases linearly with time, while displacement increases quadratically.
- The work done by the force converts entirely into the kinetic energy of the cart in the absence of
frictional losses.

- Such idealized models are crucial for understanding fundamental physics principles but must be



adjusted for real-world conditions.

Conclusion

Analyzing the motion of a 10 kg cart on a frictionless level surface pulled by a 10 N force offers
valuable insights into Newtonian mechanics. The principles of force, acceleration, and energy transfer
become evident in such simplified models, serving as foundational concepts for more complex
physical systems. Recognizing the assumptions made, such as the absence of friction, helps in
understanding the ideal limits of motion and guides practical applications in engineering, physics
education, and research.
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Frequently Asked Questions

What is the acceleration of the 10 kg cart when a 10 N force is
applied on a frictionless level table?

The acceleration can be found using Newton's second law: a = F/m = 10 N/ 10 kg = 1 m/s2.

Does the cart experience any acceleration if no force is
applied?

No, if no force is applied, the cart remains at rest or continues at constant velocity due to inertia.

What is the net force acting on the cart when a 10 N force is
applied?

Since the surface is frictionless and only a 10 N force is applied, the net force is 10 N.

How long will it take for the cart to reach a velocity of 5 m/s
when pulled with a 10 N force?

Using v = u + at; with initial velocity u=0, a=1 m/s?, v=5m/s,sot =v/a =5s.

What is the kinetic energy gained by the cart after 5 seconds



of pulling?

Kinetic energy KE = (1/2) m v?; velocity after 5 secondsisv=at=1m/s?5s =5 m/s, so KE = 0.5 10
kg (5 m/s)? = 125 Joules.

If the force applied is increased to 20 N, what will be the new
acceleration?

The new acceleration will be a = F/m = 20 N/ 10 kg = 2 m/s2.

What would happen if the force applied is less than 10 N?

The cart would accelerate at a rate less than 1 m/s?, and if the force is zero, the cart would remain at
rest.

How does the absence of friction affect the motion of the
cart?

Without friction, the cart continues to move indefinitely once set in motion, and the applied force
solely determines its acceleration.

What is the work done by the 10 N force over 10 meters of
pulling?
Work done W = Force distance = 10 N 10 m = 100 Joules.

Can the cart reach a maximum velocity on a frictionless
surface if the force is constant?

No, on a frictionless surface with a constant applied force, the cart's velocity will keep increasing
indefinitely, meaning no maximum velocity is reached.

Additional Resources

The Cart Of Mass 10 Kg Shown Aboe Moves Without Frictional Loss On A Level Table. A 10 N Force
Pulls

In the realm of classical mechanics, understanding how objects respond to applied forces is
fundamental. Imagine a scenario where a small cart, with a mass of 10 kilograms, sits on a perfectly
level table—free from any frictional resistance. When a force of 10 newtons is applied to pull this cart,
what exactly happens? How does the cart accelerate? And what principles govern its motion? These
guestions are central to grasping the core concepts of Newtonian physics and are crucial for students,
engineers, and physicists alike.

This article delves into the detailed analysis of a frictionless cart being pulled by a force, exploring the
underlying physics principles, calculations, and broader implications. We will unravel the mechanics



step-by-step, providing a comprehensive understanding designed to be both technical and accessible.

Understanding the Scenario: The Frictionless Cart and
Applied Force

The Setup: An Idealized System

In our hypothetical situation, a cart with a mass (m) of 10 kg rests on a perfectly level, smooth
table—meaning there is no frictional force opposing its motion. This idealization simplifies the analysis
by removing complicating factors such as kinetic or static friction, air resistance, or other external
resistances.

A force (F) of 10 N is applied horizontally to the cart, pulling it forward. The question arises: what is

the resulting motion? Specifically, we want to determine the acceleration of the cart and understand
the relationship between the applied force, the mass, and the resulting motion.

The Significance of an Idealized Model

While real-world scenarios always involve some friction or resistance, studying an idealized case
provides a clear foundation to understand fundamental physics principles. This approach enables us
to focus solely on Newton's Second Law of Motion without the complications introduced by friction,
making it an essential educational tool.

In real applications, engineers and physicists often start with ideal models to understand the basic
behavior before adding complexities like frictional forces, air resistance, or other dissipative effects.

Applying Newton's Second Law: The Core Principle

Newton's Second Law Explained

At the heart of this analysis lies Newton's Second Law of Motion, which states:
F=ma

where:

- F is the net external force applied to an object,

- m is the mass of the object,

- a is the acceleration produced.

This law articulates that the acceleration of an object is directly proportional to the net force applied



and inversely proportional to its mass.

Calculating the Acceleration

Given:
- Force, F=10N
- Mass, m = 10 kg

Applying Newton's Second Law:
a=F/m
a=10N/10kg =1 m/s?

This straightforward calculation reveals that the cart accelerates at a rate of 1 meter per second
squared.

The Resulting Motion: Velocity and Displacement

If the force is applied over a certain duration or distance, the velocity and displacement can be
calculated using kinematic equations. For example, assuming the cart starts from rest:

- Final velocity after time t:
v=at

- Displacement after time t:
s=(1/2)at?

These equations help predict how quickly the cart speeds up and how far it travels over a given
period.

Implications of the Frictionless Assumption

Purely Accelerative Motion

In the absence of friction:

- The only force acting on the cart is the applied 10 N force.

- There are no resistive forces to counteract this pull.

- The cart experiences continuous acceleration as long as the force remains applied.

This idealized situation results in straightforward, linear acceleration, illustrating Newton's laws



without the complexity of resistance.

Energy Considerations

The work done by the force translates into kinetic energy:

Work (W) =F s

where s is the displacement. The kinetic energy (KE) of the cart after traveling a distance s is:
KE = (1/2) m v?

Given the constant acceleration, the energy transfer can be easily tracked, illustrating the conversion
of work into kinetic energy.

Introducing Real-World Factors: Beyond the Ideal

While the idealized model offers clarity, real systems often involve friction and other dissipative
forces.

Frictional Forces and Their Effects

In practical settings:

- Static or kinetic friction opposes motion.

- The magnitude of kinetic friction is typically u N, where u is the coefficient of kinetic friction and N is
the normal force.

- For a level table, N equals the weight (m g).

For example, if u = 0.1:

F friction=pumg=0.110kg 9.8 m/s2=9.8N

In this case, the net force becomes:

F net=F-F_ friction=10N-9.8N=0.2N

And the acceleration:

a=Fnet/m=0.2N/10 kg = 0.02 m/s?

This demonstrates how even small frictional coefficients significantly influence motion.



Energy Losses and Efficiency

Friction converts some of the work into heat, reducing the efficiency of motion and requiring
additional force or energy input to maintain movement. Understanding these effects is crucial in
engineering applications like vehicle design, conveyor systems, and robotics.

Broader Applications and Significance

Educational Value and Conceptual Clarity

Studying such idealized cases is vital for foundational learning. It helps students grasp the core
principles of motion, force, and energy transfer without the distraction of complex forces.

Engineering and Design Implications

Engineers utilize these fundamental concepts to optimize systems:

- Designing low-friction components to minimize energy losses.

- Calculating the required forces in transportation, manufacturing, and robotics.
- Developing control systems that account for resistive forces.

Real-World Examples

- Spacecraft propulsion systems operate in near frictionless environments, making such physics
principles directly applicable.

- High-speed trains and maglev systems minimize friction to achieve efficient, high-velocity travel.
- Precision manufacturing equipment relies on understanding and controlling forces to ensure
accuracy.

Conclusion: From Theory to Practice

The analysis of a 10 kg cart being pulled by a 10 N force on a frictionless, level surface exemplifies
the elegance and clarity of Newtonian physics. It demonstrates that under ideal conditions, the
acceleration is simply the force divided by the mass, resulting in 1 m/s2. While real-world systems
rarely achieve perfect frictionless environments, studying this ideal case provides essential insights
that underpin engineering design, experimental physics, and technological innovation.

Understanding these principles enables scientists and engineers to design more efficient systems,
predict motion accurately, and develop solutions that account for inevitable resistances. From the
basic classroom to advanced aerospace engineering, the fundamental relationship between force,
mass, and acceleration remains a cornerstone of our understanding of the physical universe.
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