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Understanding how objects accelerate when forces are applied is fundamental
in physics, especially in real-world scenarios like pushing household
appliances. In this article, we explore the dynamics involved in the
acceleration of a refrigerator 30 seconds after a person begins exerting a
force of 400 N. We will analyze the factors influencing the acceleration, the
physics principles involved, and practical implications.

Fundamental Concepts in Force and Acceleration

Newton’s Second Law of Motion

At the core of understanding acceleration is Newton’s second law, which
states:

F = m × a

Where:
- F is the net force applied to an object (in newtons, N)
- m is the mass of the object (in kilograms, kg)
- a is the acceleration (in meters per second squared, m/s²)

Rearranged to find acceleration:

a = F / m

This relation indicates that, for a given force, the acceleration of an
object is inversely proportional to its mass.

Frictional Forces and Real-World Conditions

In practical situations such as pushing a refrigerator, friction plays a
significant role. Frictional force opposes the motion and is given by:

F_friction = μ × N

Where:
- μ is the coefficient of kinetic friction between the refrigerator’s wheels
or base and the floor
- N is the normal force, typically equal to the weight of the refrigerator
(mass × gravity)



The net force acting on the refrigerator is thus:

F_net = Applied Force – Frictional Force

This net force determines the actual acceleration.

Analyzing the Scenario: Pushing a Refrigerator
with 400 N Force

Initial Conditions and Assumptions

Suppose:
- The person applies a constant force of 400 N
- The refrigerator has a mass of m (unknown for now)
- The coefficient of kinetic friction (μ) between the refrigerator’s base and
the floor is known or estimated
- Gravity (g) is approximately 9.8 m/s²

Let’s consider typical values:
- Mass of refrigerator: 80 kg
- Coefficient of kinetic friction: 0.3 (common for rubber wheels on tile)

Calculating Frictional Force

The normal force:

N = m × g = 80 kg × 9.8 m/s² = 784 N

Frictional force:

F_friction = μ × N = 0.3 × 784 N ≈ 235.2 N

Determining Net Force and Initial Acceleration

Net force:

F_net = Applied Force – Frictional Force = 400 N – 235.2 N ≈ 164.8 N

Initial acceleration:

a = F_net / m = 164.8 N / 80 kg ≈ 2.06 m/s²

This implies that immediately upon applying the force, the refrigerator
accelerates at approximately 2.06 m/s².



Why Does Acceleration Change Over Time?

The question arises: what happens 30 seconds after the person begins pushing?
Does the acceleration remain constant, increase, or decrease?

Several factors influence the change in acceleration over time:

1. Changes in Friction

- Frictional Force Dynamics: Friction can change due to:
- Variations in surface conditions
- Wheels or rollers heating up, reducing or increasing friction
- Accumulation of debris or dust

- Effect over Time: If the surface becomes smoother or if the wheels start
slipping, the coefficient of friction might decrease, increasing net force
and acceleration.

2. Force Applied by the Person

- Constant Force Assumption: If the person maintains a steady push of 400 N,
then the applied force stays constant.

- Variable Force: If the person tires or adjusts their effort, the applied
force may decrease, reducing acceleration.

3. Changes in the Refrigerator's State

- Speed and Momentum: As the refrigerator accelerates, it gains velocity, and
the force required to continue accelerating can change due to dynamic factors
like air resistance (though minimal at low speeds).

- Frictional Drag: Sometimes, moving objects experience increased friction at
higher speeds, which could reduce acceleration over time.

Modeling Acceleration 30 Seconds After Pushing
Begins

Assuming the force remains constant at 400 N, and the coefficient of friction
stays the same, the acceleration would theoretically stay constant as long as
the net force remains unchanged.

However, in real-world conditions, some factors could alter this:

Case 1: No Change in Conditions

- If surface conditions and applied force remain steady, the acceleration



remains approximately 2.06 m/s².
- After 30 seconds, the velocity (v) can be calculated:

v = a × t = 2.06 m/s² × 30 s ≈ 61.8 m/s

This is a very high velocity, indicating that in a real scenario, other
factors like air resistance and structural limitations would prevent such
speeds.

Case 2: Friction Increases Over Time

- Suppose the surface becomes rougher, increasing μ to 0.4
- New frictional force:

F_friction = 0.4 × 784 N = 313.6 N

- Net force:

F_net = 400 N – 313.6 N ≈ 86.4 N

- New acceleration:

a = 86.4 N / 80 kg ≈ 1.08 m/s²

- The acceleration roughly halves, demonstrating how increased friction
diminishes the rate of acceleration over time.

Practical Implications and Considerations

1. Effort Required to Move Heavy Appliances

Understanding the forces involved helps in ergonomic planning. For example,
moving an 80 kg refrigerator requires significant effort, especially
overcoming friction.

2. Safety Precautions

- Excessive force can lead to loss of control or injury.
- Using proper techniques and tools (like dollies or sliders) reduces
required effort and risk.

3. Design of Household Appliances

- Manufacturers aim to reduce the coefficient of friction through wheels,
smooth surfaces, or rollers.
- Energy efficiency and ease of movement are considered in design.



Summary and Key Takeaways

Newton’s second law provides the foundation for calculating acceleration
based on applied force and mass.

Friction plays a critical role in real-world scenarios and can
significantly reduce the net force and acceleration.

In the given scenario, with a 400 N force applied to an 80 kg
refrigerator on a surface with μ = 0.3, the initial acceleration is
approximately 2.06 m/s².

Over time, factors such as changes in surface conditions or force
exerted by the person can alter the acceleration.

Practical considerations include the effort required to move heavy
appliances and safety precautions.

Conclusion

The acceleration of a refrigerator 30 seconds after a person begins pushing
it at a force of 400 N depends on several factors, primarily the
refrigerator’s mass and the frictional forces at play. Under typical
household conditions, the initial acceleration can be a few meters per second
squared, but this can decrease over time if friction increases or the applied
force diminishes. Understanding these dynamics is crucial for safe and
efficient movement of heavy objects, as well as for designing household
appliances that are easier to handle. Whether for moving furniture or
understanding basic physics principles, analyzing forces and acceleration
helps explain everyday experiences comprehensively.

Frequently Asked Questions

What is the initial acceleration of the refrigerator
when a person applies a 400 N force?

The initial acceleration can be calculated using Newton's second law: a = F /
m. Without the mass of the refrigerator, the exact acceleration cannot be
determined, but it is directly proportional to the applied force.

Why does the acceleration of the refrigerator change
after 30 seconds?

The acceleration may change due to factors such as increased friction, static
friction overcoming, or the person adjusting their pushing force, which
affects the net force and resulting acceleration.



What factors influence the acceleration of a
refrigerator when pushed?

Factors include the friction between the refrigerator and the floor, the mass
of the refrigerator, the magnitude and direction of the applied force, and
any external resistances like obstacles.

How does static and kinetic friction affect the
movement of the refrigerator?

Static friction must be overcome to initiate movement, requiring a force
greater than static friction. Once moving, kinetic friction opposes the
motion. The force of kinetic friction is usually less than static friction,
affecting the acceleration after movement begins.

Can the acceleration of the refrigerator be
maintained at 30 seconds after pushing begins?

It depends on whether the applied force remains constant and whether external
resistances like friction stay the same. If the person maintains a steady
push of 400 N and external factors don't change, acceleration can be
sustained, but in reality, it often decreases over time due to increasing
friction.

What is the significance of the 30-second timeframe
in this scenario?

The 30-second mark might indicate a change in acceleration due to factors
such as fatigue, changes in pushing force, or the refrigerator reaching a
certain speed where frictional forces or other resistances alter its
acceleration.

How can the acceleration of the refrigerator be
experimentally measured after 30 seconds?

Use motion sensors or video analysis to track the refrigerator's position
over time, then calculate acceleration by analyzing the change in velocity
over the 30-second interval.

What are practical applications of understanding the
acceleration of objects pushed with a known force?

This understanding helps in designing efficient transportation and handling
of heavy objects, improving safety protocols, and optimizing force
application in mechanical systems and ergonomics.

Additional Resources
Acceleration Of A Refrigerator 30s After A Person Begins Pushing It At A
Force Of 400 N

Understanding the dynamics of objects in motion is fundamental to classical



mechanics, and when it comes to everyday activities such as pushing a
refrigerator, the principles become remarkably relevant. This detailed review
explores the scenario where a person applies a force of 400 N to a
refrigerator, and after 30 seconds, the refrigerator's acceleration behavior
is examined. We will dissect the physics involved, analyze the factors
affecting acceleration, and interpret what happens over the specified time
frame.

---

Introduction to the Problem

The scenario involves a person exerting a constant force of 400 N on a
refrigerator, which subsequently accelerates. The key points to consider
include:

- The magnitude and direction of the applied force.
- The initial state of the refrigerator (initial velocity).
- The physical properties of the refrigerator (mass, frictional
characteristics).
- External factors such as friction and air resistance.
- The duration of force application (30 seconds) and the resulting
acceleration profile.

Understanding how these elements interplay allows us to predict the
refrigerator's acceleration at different times, especially after 30 seconds
of pushing.

---

Fundamental Concepts: Newton’s Laws and Motion
Dynamics

Newton’s Second Law of Motion

The cornerstone for analyzing this problem is Newton’s second law, which
states:

\[
\mathbf{F}_{\text{net}} = m \mathbf{a}
\]

Where:
- \(\mathbf{F}_{\text{net}}\) is the net force acting on the object.
- \(m\) is the mass of the object.
- \(\mathbf{a}\) is the acceleration.

In the context of pushing a refrigerator:
- The applied force is 400 N.
- The net force is the applied force minus resistive forces like friction.
- The resulting acceleration depends on the mass and the net force after
accounting for resistive forces.



Frictional Forces and External Resistances

Friction plays a critical role in real-world pushing scenarios. The two main
types are:

- Static Friction: Prevents initial movement; once overcome, the object
begins to slide.
- Kinetic Friction: Opposes ongoing motion; characterized by a coefficient
\(\mu_k\).

The resistive force due to kinetic friction is:

\[
F_{\text{friction}} = \mu_k \times N
\]

Where:
- \(\mu_k\) is the coefficient of kinetic friction.
- \(N\) is the normal force, typically equal to the weight of the
refrigerator (\(N = mg\)) if on a horizontal surface.

Assuming the surface is level and the refrigerator's mass is known, the
frictional force can be calculated. For example, if the refrigerator has a
mass of 100 kg and \(\mu_k = 0.4\):

\[
N = 100\, \text{kg} \times 9.8\, \text{m/s}^2 = 980\, \text{N}
\]
\[
F_{\text{friction}} = 0.4 \times 980\, \text{N} = 392\, \text{N}
\]

This suggests that a force slightly greater than 392 N is required to
initiate movement. Since the applied force is 400 N, movement will commence,
overcoming static friction, and kinetic friction will oppose the motion.

---

Estimating the Refrigerator’s Mass and
Frictional Parameters

Accurate predictions hinge on knowing the refrigerator's mass and the
friction coefficient. Typical household refrigerators weigh between 80 kg and
150 kg.

- Mass (\(m\)): Let's assume an average of 100 kg for calculation purposes.
- Coefficient of kinetic friction (\(\mu_k\)): On smooth floors, might range
from 0.3 to 0.5.

Using these assumptions:
- Normal force \(N = 100\, \text{kg} \times 9.8\, \text{m/s}^2 = 980\,
\text{N}\).
- Friction force \(F_f = \mu_k \times N\), with \(\mu_k = 0.4\):

\[



F_f = 0.4 \times 980\, \text{N} = 392\, \text{N}
\]

Since the applied force (400 N) slightly exceeds the frictional force, the
refrigerator will begin to move with an initial acceleration determined by
the net force.

---

Calculating the Initial Acceleration

The net force when the refrigerator is moving:

\[
F_{\text{net}} = F_{\text{applied}} - F_f
\]

\[
F_{\text{net}} = 400\, \text{N} - 392\, \text{N} = 8\, \text{N}
\]

Corresponding acceleration:

\[
a = \frac{F_{\text{net}}}{m} = \frac{8\, \text{N}}{100\, \text{kg}} = 0.08\,
\text{m/s}^2
\]

This is a small acceleration, indicating slow but steady increase in the
refrigerator's velocity.

---

Time-Dependent Behavior of the Refrigerator’s
Acceleration

Now, the key question is: What is the acceleration after 30 seconds?

Given the assumptions above, if the force and frictional properties remain
constant, the acceleration remains roughly constant at 0.08 m/s².

However, real-world factors such as:

- Change in kinetic friction with speed.
- Decreasing force application due to fatigue.
- Possible changes in surface conditions.

must be considered.

Assuming a simplified model where the applied force is constant, and friction
remains unchanged, the acceleration over time remains constant at 0.08 m/s².

---



Velocity and Displacement After 30 Seconds

Using kinematic equations, the velocity after time \(t\):

\[
v = v_0 + a t
\]

Assuming the refrigerator starts from rest (\(v_0 = 0\)):

\[
v_{30s} = 0 + 0.08\, \text{m/s}^2 \times 30\, \text{s} = 2.4\, \text{m/s}
\]

The displacement after 30 seconds:

\[
s = v_0 t + \frac{1}{2} a t^2
\]

\[
s = 0 + \frac{1}{2} \times 0.08\, \text{m/s}^2 \times (30\, \text{s})^2 =
0.04 \times 900 = 36\, \text{m}
\]

This indicates the refrigerator would have moved approximately 36 meters
after 30 seconds under these assumptions.

---

Factors Influencing Changes in Acceleration
Over Time

While simplified models suggest constant acceleration, real-world dynamics
involve factors that can alter this behavior:

1. Variation in Friction Coefficient

- Frictional properties may change with speed or surface conditions.
- At higher speeds, kinetic friction can sometimes decrease or increase
slightly due to lubrication effects or surface heating.

2. Fatigue and Force Application

- The person’s applied force might decrease over time due to fatigue.
- Alternatively, if the person increases their force, acceleration could
increase.



3. Surface Conditions

- Presence of debris, uneven floors, or changing surface textures can alter
friction.

4. Mechanical Resistance

- Any mechanical components, such as wheels or rollers, may experience
increased resistance over time due to wear or dirt accumulation.

5. External Factors

- Air resistance is negligible at these speeds but could have minor effects.
- External disturbances, such as bumps or vibrations, may also influence
acceleration.

---

Implications of the 30-Second Time Frame

Based on the calculations and assumptions, after 30 seconds of continuous
pushing with a constant force of 400 N:

- The refrigerator's acceleration remains approximately 0.08 m/s².
- Its velocity reaches around 2.4 m/s.
- It travels roughly 36 meters.

However, in real life, the actual acceleration might be slightly different
due to the factors previously discussed.

---

Practical Considerations and Safety

When applying such force:

- Physical effort should be considered; pushing with 400 N (~40 kg of force)
for 30 seconds is strenuous and may not be sustainable without proper
technique or assistance.
- Floor condition significantly impacts the effort required; smoother floors
reduce friction and make pushing easier.
- Equipment and safety: Ensure a clear path and secure surroundings to
prevent accidents.

---



Conclusion

In summary, when a person pushes a refrigerator with a force of 400 N:

- The initial acceleration is determined by the net force after overcoming
friction.
- For a typical refrigerator with a mass of 100 kg and a kinetic friction
coefficient of 0.4, the acceleration is approximately 0.08 m/s².
- Over 30 seconds, the refrigerator's velocity would increase to around 2.4
m/s, and it would have traveled about 36 meters.
- These values are contingent on constant force application and unchanging
surface
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