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This scenario presents an interesting application of basic physics
principles, particularly Newton's laws of motion and the concept of
equilibrium. When two men exert a combined force of 150 N horizontally on a
heavy sofa, yet the sofa remains stationary, it highlights the significance
of factors such as friction, normal force, and the balance of forces.
Understanding these concepts is essential in analyzing real-world situations
involving static equilibrium and force interactions.

Understanding the Scenario: Two Men and a Heavy
Sofa
In this situation, two men are pushing a heavy sofa with a combined force of
150 N. Despite their effort, the sofa does not move, indicating that the net
force acting on it is zero. To analyze this, we need to explore the forces
involved and why the sofa remains at rest.

What Does It Mean When an Object Doesn’t Move?
When an object remains stationary despite applied forces, it is said to be in
static equilibrium. According to Newton's First Law, an object at rest will
stay at rest unless acted upon by an unbalanced force. Therefore, for the
sofa to stay still:
- The net force acting on it must be zero.
- The forces pushing against it are balanced by other forces resisting
motion.

The Role of Friction in Preventing Motion
Friction plays a crucial role in determining whether the sofa moves or stays
put. When the men push the sofa, the force they exert is opposed by the
frictional force between the sofa's feet and the floor.
- The maximum static friction force determines whether the sofa will move.
- If the applied force (150 N) is less than or equal to the maximum static
friction force, the sofa will not move.



Analyzing the Forces at Play
To understand why the sofa remains stationary despite the push, it is
essential to analyze all the forces involved.

Applied Force (Push) by the Men
- Total force exerted: 150 N.
- This force is horizontal and directed along the line of pushing.

Frictional Force (Static Friction)
- Acts opposite to the applied force.
- Its magnitude can vary up to a maximum value:
\[ F_{max} = \mu_s \times N \]
where:
- \( \mu_s \) = coefficient of static friction between the sofa and the
floor.
- \( N \) = normal force, which is equal to the weight of the sofa if the
surface is horizontal.

Normal Force (Weight of the Sofa)
- Calculated as:
\[ N = m \times g \]
where:
- \( m \) = mass of the sofa.
- \( g \) = acceleration due to gravity (~9.8 m/s²).

Conditions for the Sofa to Remain Stationary
Given the forces, the sofa will stay at rest if the static friction force
exceeds or equals the applied force. That is:

\[ F_{friction} \geq 150\, \text{N} \]

If the maximum static friction force \( F_{max} \) is less than 150 N, then
the sofa would move.

Therefore, the key factors determining whether the sofa moves include:

- The coefficient of static friction \( \mu_s \).
- The weight of the sofa \( m \times g \).
- The magnitude of the applied force (150 N).

In most practical scenarios, the static friction coefficient between typical
furniture and flooring ranges from 0.3 to 0.6.



Calculating the Frictional Force and
Implications
To determine whether the sofa stays still, consider an example:

- Assume the sofa weighs 200 kg.
- The normal force \( N = 200\, \text{kg} \times 9.8\, \text{m/s}^2 = 1960\,
\text{N} \).
- With a static friction coefficient \( \mu_s \) of 0.4,
\[ F_{max} = 0.4 \times 1960\, \text{N} = 784\, \text{N} \]

Since 784 N is much greater than the applied 150 N, static friction can
easily resist the push, and the sofa will not move.

This example demonstrates that unless the force exceeds the maximum static
friction force, the sofa remains stationary.

Factors Affecting the Static Friction and
Movement
Several factors influence whether the sofa moves under the applied force:

Coefficient of Static Friction (\( \mu_s \))
- Depends on the materials of the sofa's feet and the floor surface.
- Higher \( \mu_s \) implies greater resistance to motion.

Weight of the Sofa
- Heavier sofas generate a larger normal force, increasing static friction.

Surface Conditions
- Smooth, polished floors may have lower \( \mu_s \).
- Carpeted or textured floors tend to have higher \( \mu_s \).

Distribution of Force
- How the men apply force (uniformly or unevenly) can influence local
friction points.

Additional Factors
- Presence of lubrication or debris can reduce friction.



- The angle of pushing and use of leverage can affect effective force.

Practical Implications and Real-World
Applications
Understanding the balance of forces when pushing heavy furniture has
practical significance:

Moving Heavy Furniture Safely
- Ensuring the applied force does not exceed static friction can help prevent
unintended movement.
- Using tools like sliders or pads reduces friction, making movement easier.

Designing for Ease of Movement
- Selecting materials with lower friction coefficients for furniture feet or
flooring can facilitate easier relocation.
- Applying strategic force or leverage can help overcome static friction when
movement is desired.

Safety Considerations
- Overestimating static friction can lead to injury if excessive force is
applied unexpectedly.
- Proper techniques and equipment should be used when moving heavy objects.

Summary and Key Takeaways
- When two men push a heavy sofa with a combined force of 150 N and the sofa
does not move, it indicates that static friction and other resistive forces
are balancing the applied force.
- The static friction force depends on the coefficient of static friction and
the normal force (which is related to the weight of the sofa).
- The sofa remains stationary as long as the applied force does not exceed
the maximum static friction force.
- Factors like material surfaces, weight, and surface conditions influence
the static friction and ease of movement.

Conclusion
The scenario of two men exerting a force of 150 N on a heavy sofa without
causing movement exemplifies fundamental physics principles, especially
static equilibrium and friction. It underscores the importance of



understanding how forces interact and how material properties influence the
ease or difficulty of moving objects. Whether for practical purposes like
rearranging furniture or in engineering contexts, grasping these concepts is
essential for safe and efficient handling of heavy objects. Recognizing the
role of static friction allows individuals to better assess when movement is
possible and how to effectively apply forces to achieve desired outcomes.

Frequently Asked Questions

Why does the sofa not move despite the two men
applying a combined force of 150 N?
Because the applied force is less than the sofa's static friction force,
which prevents movement.

What is static friction, and how does it relate to
this scenario?
Static friction is the force that resists the initiation of motion between
two surfaces; it must be overcome for the sofa to move. In this case, it
exceeds 150 N, so the sofa remains stationary.

How can the men move the sofa if their combined
force is 150 N and it doesn't move?
They would need to increase their applied force beyond the maximum static
friction force or reduce the friction (e.g., by placing sliders or
lubricants).

Does the weight of the sofa affect the static
friction force? If so, how?
Yes, the static friction force is proportional to the normal force, which is
related to the weight of the sofa. A heavier sofa has a higher maximum static
friction force.

Can the static friction force vary, and what factors
influence it?
Yes, static friction varies up to a maximum value depending on the nature of
the surfaces in contact and the normal force; rougher surfaces and greater
weights increase it.



If the sofa is heavy, why do the men still need to
exert force to move it?
Because the static friction force increases with weight, requiring more force
to overcome it and initiate movement.

What is the significance of the force being applied
horizontally in this context?
Applying force horizontally ensures the focus is on overcoming static
friction in the horizontal plane, which is the primary force resisting the
sofa's movement.

If the men continue pushing with 150 N, what could
happen over time?
If the static friction is exactly 150 N, the sofa will remain stationary; if
the static friction is slightly less or if they apply slightly more force,
the sofa may start to move.

How can understanding static friction help in real-
world scenarios like moving furniture?
Understanding static friction allows us to estimate the minimum force needed
to start moving heavy objects, making the process safer and more efficient.

Additional Resources
Two Men Push Horizontally On A Heavy Sofa With A Combined Force Of 150 N And
The Sofa Does Not Move

When analyzing everyday physics scenarios such as two men pushing a heavy
sofa, it's essential to understand the underlying principles that govern
motion, force, and equilibrium. This case involves two men exerting a
combined force of 150 N horizontally, yet the sofa remains stationary. This
phenomenon offers valuable insights into forces, friction, and static
equilibrium, serving as a practical illustration of Newtonian mechanics.

---

Understanding the Scenario

Before delving into the details, let's clarify the situation:

- Participants: Two men are pushing a heavy sofa.



- Force Applied: The combined force exerted by both men is 150 N.
- Direction of Force: Horizontally, in the same or similar direction.
- Outcome: The sofa does not move; it remains at rest.

This scenario prompts questions like:

- Why doesn’t the sofa move despite the applied force?
- What roles do static friction and other forces play?
- How does the magnitude of the applied force compare to the resisting
forces?

---

Fundamentals of Force and Equilibrium

Newton’s First Law of Motion

Newton’s First Law states that an object at rest remains at rest unless acted
upon by an external force. For the sofa to stay stationary:

- The net external force acting on it must be zero.
- The forces pushing against it are balanced.

Static Equilibrium Conditions

An object is in static equilibrium when:

- The sum of forces in all directions equals zero.
- The sum of torques (moments) about any point equals zero.

In this case, for the sofa:

- The applied force by the men is counteracted by an opposing force.
- No acceleration occurs because the net force is zero.

---

Forces Acting on the Sofa

To understand why the sofa does not move, analyze all forces involved:



Applied Force (Fapp)

- The combined force from the two men: 150 N.
- Direction: Horizontal, towards the sofa.

Normal Force (N)

- The force exerted by the ground supporting the sofa, perpendicular to the
contact surface.
- Equal in magnitude to the weight of the sofa if on a horizontal surface,
assuming no additional vertical forces.

Weight (W)

- The gravitational force: W = m × g, where m is the sofa's mass, g ≈ 9.8
m/s².
- Acts vertically downward.

Frictional Force (Ffriction)

- Resists the motion of the sofa.
- Its magnitude depends on the coefficient of static friction (μs) and the
normal force: Ffriction ≤ μs × N.

Other forces

- Air resistance or other minor forces are negligible here.

---

The Role of Friction in Preventing Motion

Friction is the key force resisting the applied push. To keep the sofa
stationary:

- The static frictional force must be at least equal to the applied force.

Mathematically:

Ffriction ≥ Fapp = 150 N



Given that:

- The sofa does not move, so the static frictional force equals the applied
force (assuming maximum static friction isn't exceeded).

- Therefore, the coefficient of static friction and normal force determine
whether the sofa moves or not.

---

Quantitative Analysis

Suppose the sofa has a mass m, and rests on a horizontal surface:

1. Normal Force (N):

\[
N = W = m \times g
\]

2. Maximum Static Friction (Fmax):

\[
F_{max} = \mu_s \times N
\]

3. Condition for No Motion:

\[
F_{app} \leq F_{max}
\]

4. Implication:

\[
150\, \text{N} \leq \mu_s \times m \times g
\]

Thus, for the sofa not to move under a 150 N push, the coefficient of static
friction and the mass of the sofa must satisfy:

\[
\mu_s \geq \frac{150}{m \times g}
\]

Example:

- If the sofa weighs 300 kg, then:



\[
N = 300 \times 9.8 = 2940\, \text{N}
\]

- The minimum coefficient of static friction:

\[
\mu_s \geq \frac{150}{2940} \approx 0.051
\]

Since typical static friction coefficients for rubber on wood or similar
surfaces are between 0.3 and 0.6, the static friction is sufficient to
prevent movement.

---

Real-World Factors Affecting the Outcome

While the simplified calculation suggests the sofa remains stationary,
several practical factors influence this:

Surface Material and Friction Coefficient

- The type of surface (carpet, hardwood, tile) significantly affects static
friction.
- Rougher surfaces tend to increase μs, making it more difficult to move the
sofa.
- Smooth or lubricated surfaces decrease μs, potentially allowing movement
under lower forces.

Distribution of Force and Contact Points

- How the men apply force: whether at the same point or different points
along the sofa.
- Force distribution affects the likelihood of tipping or sliding.

Pulling vs. Pushing

- Direction of applied force influences the frictional response.
- Pushing in line with the center of mass tends to slide rather than tip.



Additional Vertical Forces

- Any lifting or vertical component could reduce normal force, decreasing
friction.
- Conversely, if the sofa is on an incline, gravity components could
influence the feasibility of movement.

Torque and Moments

- Applying force at different heights can create torque, potentially causing
tipping.
- Tipping is unlikely here if force is applied horizontally at the center of
mass.

---

Implications and Real-Life Applications

Understanding this scenario is not just academic; it has practical
implications:

Moving Heavy Furniture

- Knowing the coefficient of static friction helps in planning how much force
is needed.
- Using sliders or lubricants reduces μs, making movement easier.
- Proper technique (pushing at the right point, using leverage) minimizes
effort.

Safety Considerations

- Excess force can cause injuries or damage.
- Recognizing the limits of static friction prevents overexertion.

Design of Furniture and Flooring

- Manufacturers consider friction when designing furniture and selecting
flooring materials.
- Anti-slip pads or mats are used to prevent unwanted movement.



---

Summary and Conclusions

This detailed analysis reveals why two men exerting a combined force of 150 N
on a heavy sofa do not cause it to move:

- The static frictional force resisting the motion exceeds or equals the
applied force.
- The magnitude of the force relative to the mass and the static friction
coefficient determines whether movement occurs.
- In most typical household scenarios, static friction is sufficient to
prevent movement under such forces.
- External factors like surface material, force application point, and
additional vertical forces can influence the outcome.

Understanding the interplay of these forces enhances our grasp of fundamental
physics principles, applies to practical situations like furniture moving,
and underscores the importance of friction in everyday life. Recognizing that
force alone doesn't cause motion without overcoming friction and other
resistive forces is key to mastering Newtonian mechanics in real-world
contexts.

---

In conclusion, the scenario exemplifies the concept of static equilibrium,
illustrating how forces balance out to keep objects at rest. It emphasizes
the significance of static friction, the importance of force magnitude, and
the real-world factors that influence the movement (or lack thereof) of
objects under applied forces. Whether moving furniture, designing safer
flooring, or understanding everyday physics, these principles form the
foundation of our comprehension of motion.
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