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When analyzing the motion of objects in physics, understanding how forces influence acceleration and
interaction between objects is fundamental. In a typical setup, two blocks, labeled X and Y, are placed
on a frictionless horizontal surface, and a constant force of 36 Newtons is applied to one of the blocks.
This scenario provides a foundational example to explore concepts such as Newton’s laws of motion,
force transmission between objects, acceleration, and the effects of external forces in ideal
conditions.

In this article, we will thoroughly examine the dynamics of this system, including how the applied
force affects each block, the nature of their contact, and the resulting motion. We will also delve into
related concepts such as Newton’s second law, the role of contact forces, and the calculations
involved in determining acceleration and tension within the system.

Understanding the System: Blocks on a Frictionless
Surface

System Description

- Two blocks, X and Y, are placed in direct contact on a horizontal surface.

- The surface is frictionless, meaning there is no resistive force opposing motion.

- A constant force of 36 N is applied to one of the blocks, typically to block X.

- The blocks are in contact, implying they can exert normal and frictional forces on each other, but in
this case, friction is absent due to the frictionless surface.

Assumptions and Simplifications

- The blocks are considered to be rigid bodies.

- The contact between blocks is ideal, meaning no deformation and perfectly inelastic contact.
- External forces other than the applied force are neglected.

- The mass of each block is known or can be denoted as \( m_X\) and \( m_Y'\).



Analyzing the Forces in the System

Applying Newton’s Second Law

Newton’s second law states:

\[
F {net} = m\times a
\]

where \( F_{net}\) is the net external force acting on an object, \( m) is its mass, and \( a\) is its
acceleration.

In this system, the force applied to block X induces motion in both blocks through contact, provided
they are in contact and free to move.

Identifying the Forces on Each Block

- Force on Block X:

- Applied force \( F_{app} = 36\, N\)
- Contact force exerted by Y on X, denoted as \( F_{XY}\)

- Force on Block Y:

- Contact force exerted by X on Y, denoted as \( F_{YX} \). By Newton’s third law, \( F_{XY} = -F_{YX}
\).

- Normal Forces:

- Since the surface is frictionless, normal forces are perpendicular and do not oppose horizontal
movement.

Calculating the Motion: Step-by-Step Approach



Step 1: Determine the Total System Mass

- The total mass \( M_{total} = m X+ m_Y')

- Since the blocks move together as a single system (assuming they are in contact and not slipping),
the combined acceleration \( a\) can be found using:

\[
a = \frac{F_{total}}{M {total}}
\]

where \( F_{total} \) is the net force applied to the system.

Step 2: Calculate the Acceleration of the System

- If the force is applied to block X and blocks are in contact, both blocks accelerate together:

\[
a = \frac{36\, N}{m X + m_Y}
\]

- This acceleration is uniform for both blocks if they move together without slipping.

Step 3: Find the Contact Force Between Blocks

- The contact force \( F_{XY}\) (or \( F_{YX}\)) is responsible for transmitting the force from block X
to block Y.

- To find this, focus on one block, for example, block Y:

\[
F {Y} =m_Y\times a
\]

- Since block Y is only influenced by the contact force:

\[
F {XY} =m_Y \times a
\]

- Similarly, for block X:

\[
F {X} = m_X\times a
\]



But because the applied force is on block X, the net force on X is:

\[
F_{net\ X} = 36\, N - F_{XY}
\]

and the acceleration of X is:

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

From these relationships, the contact force can be determined after knowing the masses.

Special Cases and Additional Considerations

Case 1: Equal Mass Blocks

-If\( m_X =m_Y), then the acceleration of both blocks is:

\[
a = \frac{36\, N}{2m}

\]

- Contact force:

\[
F {XY} = m\times a = m \times \frac{36}{2m} = 18\, N

\]

- The contact force is 18 N, and each block accelerates at:

\[
a = \frac{36\, N}{2m}
\]

Case 2: Different Masses

- For different masses, the calculations are:

\[
a = \frac{36\, N}{m X + m_Y}
\]



- Contact force:

\[
F {XY} = m_Y \times a
\]

- The force transmitted depends on the mass ratio.

Impact of External Forces and Friction

- In real-world scenarios, friction can influence the motion, either opposing or aiding movement.
- Here, frictionless assumption simplifies calculations, but in practical applications, coefficients of
friction must be considered.

Practical Applications of the System Analysis

Engineering and Design

- Understanding how forces transmit between contacting bodies is crucial in mechanical design, such
as in conveyor belts, gear trains, or robotic joints.

Educational Demonstrations

- This setup serves as an excellent demonstration in physics education to illustrate Newton’s laws and
the principles of force transmission.

Simulation and Modeling

- Computer simulations of such systems help predict behavior in more complex scenarios involving
friction, elasticity, or external forces.

Summary of Key Concepts

- Newton’s Second Law: Fundamental in calculating acceleration and force in the system.
- Contact Forces: Transmit the applied force from one block to another.



- System Acceleration: Depends on the total mass and net force.
- Frictionless Surface: Simplifies analysis by removing resistive forces.
- Mass Distribution: Affects how forces are transmitted and accelerations are shared.

Conclusion

Analyzing the motion of two blocks in contact on a frictionless surface under an applied constant force
provides deep insights into basic mechanics principles. By applying Newton’s laws, understanding
force transmission, and calculating accelerations, one can predict the movement of each component
in the system accurately. Whether for educational purposes, engineering design, or theoretical
physics, such problems serve as foundational examples of force interactions and motion analysis.

Remember, the critical steps involve identifying all forces acting on each object, applying Newton’s
second law, and considering the effects of contact forces and system mass. Mastery of these concepts
allows for a comprehensive understanding of similar systems and real-world applications in physics
and engineering.

Frequently Asked Questions

What is the primary physical principle involved when a
constant force is applied to two blocks in contact on a
frictionless surface?

The primary principle is Newton's Second Law of Motion, which states that the net force applied to an
object causes acceleration proportional to the force and inversely proportional to its mass.

How do you determine the acceleration of the system when a
36-N force is applied to the blocks?

First, find the total mass of both blocks combined, then divide the applied force by this total mass: a
=F/(ml+ m2).

If the blocks have different masses, how does the applied
force affect each block?

Both blocks accelerate at the same rate due to the contact, but the force exerted between them
depends on their masses; the block with lesser mass experiences a larger acceleration.



Does the frictionless surface affect the motion of the blocks
when a force is applied?

Yes, since the surface is frictionless, there are no resistive forces, so the entire applied force
accelerates the system without any energy loss due to friction.

How can we find the contact force between the two blocks
during motion?

Identify the mass of the second block and its acceleration, then use F_contact = m2 a to find the force
exerted by one block on the other.

If one of the blocks is initially at rest, how does the
application of the force affect both blocks over time?

Both blocks start accelerating together at the same rate; the initially stationary block begins to move
as the force is transmitted through the contact, maintaining contact without slipping (assuming no
external forces).

What assumptions are made in analyzing the motion of the
two blocks with a constant force on a frictionless surface?

Assumptions include neglecting friction and air resistance, assuming perfect contact without slipping,
and considering the applied force as constant and acting in a straight line.

Additional Resources

Two Blocks (X And Y) Are In Contact On A Horizontal Frictionless Surface. A 36-N Constant Force Is
Applied

In the realm of classical mechanics, understanding how objects move under various forces is
fundamental. Imagine two blocks, labeled X and Y, resting on a perfectly smooth, frictionless
horizontal surface. Suddenly, a steady force of 36 newtons is applied to one of the blocks. How do
these blocks respond? Do they move together or separately? What happens to the forces within and
between the blocks? These questions form the basis of a classic physics problem that illustrates key
principles of Newtonian dynamics, including force interactions, acceleration, and the role of contact
forces.

This article explores the intricate dynamics of two blocks in contact under a constant applied force,
examining the factors that influence their motion, the internal forces at play, and the implications for
understanding real-world systems. By dissecting the problem step-by-step, readers will gain a
comprehensive understanding of the physics principles involved, presented in a clear and accessible
manner.



Setting Up the Scenario: The Basic Principles

Before delving into the specifics, it’s crucial to establish the foundational concepts that govern the
system.

Understanding the System Components

- Block X and Block Y: These are rigid objects placed on a horizontal surface. Their masses are
denoted as \( m_X\) and \( m_Y'\), respectively.

- Contact Contact: The blocks are in direct contact, meaning they exert forces on each other normal to
their surfaces.

- Surface Conditions: The surface beneath the blocks is frictionless, implying no resistive force from
friction opposes their motion.

- Applied Force: A constant force of 36 N is applied to one of the blocks—either X or Y. The choice of
which block receives the force significantly affects the motion and internal forces.

Key Assumptions for Simplification

- No friction between the blocks and the surface.

- No air resistance or other dissipative forces.

- The contact force between blocks acts only horizontally.

- The applied force remains constant throughout the analysis.
- The blocks are rigid and do not deform upon contact.

Analyzing the Motion: Which Block Gets the Force?

A critical initial question is: To which block is the force applied? The answer determines the entire
dynamic behavior of the system.

Scenario 1: Force Applied to Block X

Suppose the 36-N force is applied directly to Block X.

Implications:

- Acceleration of the system: Both blocks will accelerate together if they move as a single unit.

- Contact force: Block Y experiences a force via contact from Block X, which depends on the masses

and the applied force.

Calculating the acceleration:



Total mass of the system:

\[ M_{total} = m X+ m_Y\]

Using Newton's Second Law:

\[ a = \frac{F_{applied}}{m X + m_Y}\]

The internal contact force \( F_{contact} \) (acting on Y by X) is:

\[ F_{contact} = m_Y \times a = m_Y \times \frac{F_{applied}}{m X + m Y} \]
Key points:

- Both blocks accelerate at the same rate \( a \).
- The contact force ensures that Y moves in unison with X.

Scenario 2: Force Applied to Block Y

If the 36 N force is applied to Block Y:

- The analysis mirrors the previous case, but with the force acting on Y.
- The acceleration:

\[ a = \frac{F_{applied}}{m X + m_Y}\]
- The contact force from Y on X:
\[ F_{contact} = m X \times a = m_X\times \frac{F_{applied}}{m X + m Y} \]

In both cases, the internal contact force depends on which block the external force is applied to, and
the masses.

Internal Contact Forces and Their Significance

Understanding the contact force between the two blocks is essential because it reveals how the
blocks influence each other's motion.

What Is the Contact Force?

The contact force is the force exerted by one block on the other at their interface. It has two key
characteristics:



- Magnitude: Determined by the mass of the blocks and the acceleration.
- Direction: Always directed from the block exerting the force toward the other, aligned along the line
of contact.

Why Is the Contact Force Important?

- It maintains the integrity of the contact—preventing the blocks from sliding apart or passing through
each other.

- It indicates how much force is needed to accelerate one block in response to the external force
applied to the other.

- It helps determine whether the blocks move together or separately under different conditions.

Calculating the Contact Force: An Example

Suppose:

-\(m_X =5\kg\)

-\(m_Y =10\,kg )

- Force applied to Block X:

\[ @ = \frac{36\,N} {5\,kg + 10\,kg} = \frac{36} {15} = 2.4\,m/s"2\]
- Contact force on Y:

\[ F_{contact} = m_Y \times a = 10 \times 2.4 = 24\,N \]

This force acts on Y in the direction of the applied force, ensuring Y accelerates at 2.4 m/s2.

Analyzing Different Scenarios and Outcomes

The system's behavior depends heavily on which block receives the applied force, as well as the
masses of the blocks.

Scenario A: Force Applied to Block X

- Both blocks accelerate together.
- The internal contact force is:

\[ F_{contact} = \frac{m_Y}{m X 4+ m_Y} \times 36\,N \]

- If\( m_X\) is small relative to \( m_Y'\), the contact force is larger, indicating Y experiences a



significant push.

Scenario B: Force Applied to Block Y

- Similar calculations apply, but with the roles reversed.
- The contact force exerted on X is:

\[ F_{contact} = \frac{m _X}{m_X + m_Y} \times 36\,N \]

Implications for Real-World Systems

- Mechanical linkages: Understanding contact forces helps in designing systems where parts interact
under load.

- Robotics: Precise control of contact forces ensures safe and efficient operation.

- Vehicle dynamics: Managing forces between components ensures stability and performance.

Effects of System Parameters on Motion

Variations in mass, applied force, and contact conditions significantly influence the system's behavior.

Mass Ratios

- Heavier blocks resist acceleration more, resulting in lower accelerations for the same applied force.
- The internal contact force increases with the mass of the block being pushed or pulled.

Magnitude of Applied Force

- Larger forces produce higher accelerations and greater contact forces.
- There's no maximum in the ideal frictionless system unless other constraints are introduced.

Contact Conditions

- Perfect contact without slipping assumes the contact force is sufficient to prevent relative motion at
the interface.
- If the contact force exceeds material limits, slipping could occur, complicating the analysis.



Practical Applications and Educational Significance

Understanding the dynamics of two blocks in contact under an external force provides valuable
insights applicable to various engineering and physics problems.

Educational Uses:

- Demonstrates Newton’s laws in a tangible context.
- Teaches the importance of internal forces and their calculation.
- Reinforces the concept of system mass and acceleration.

Engineering Applications:

- Designing conveyor belts, gear assemblies, and robotic arms.
- Analyzing collision and contact forces in structural engineering.
- Developing safe and efficient mechanical systems.

Conclusion: The Power of Fundamental Physics

The scenario of two blocks in contact on a frictionless surface subjected to a constant force
encapsulates core principles of Newtonian mechanics. Whether the force is applied to one block or the
other, the resulting motion depends on the masses involved and the contact forces that arise. By
systematically analyzing the forces, accelerations, and internal interactions, we gain not only a
deeper understanding of fundamental physics but also practical insights applicable across
engineering disciplines.

In essence, this problem exemplifies how simple yet profound the laws of motion are. They allow us to
predict the behavior of complex systems, ensuring that from the smallest components to large-scale
machinery, the principles remain consistent and reliable. Through careful calculation and conceptual
clarity, these foundational concepts empower engineers, scientists, and students alike to analyze and
innovate with confidence.
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