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How Much Work Is a common physics problem that involves understanding the concept of work
and its calculation. When pushing an object across a surface, the amount of work done depends on
the force applied, the distance moved, and the direction of the force relative to the displacement. In
this article, we will explore the principles behind computing work, analyze the given problem in
detail, and walk through the step-by-step process of calculating the work done.

Understanding the Concept of Work in Physics

What Is Work?

In physics, work is defined as the product of the force applied to an object and the displacement of
the object in the direction of the force. Mathematically, it is expressed as:

\[ W = F \times d \times \cos \theta \]

Where:
-\( W) is the work done (in Joules, ])
-\( F) is the magnitude of the force applied (in Newtons, N)
-\(d)) is the displacement or distance moved (in meters, m)
\('\theta \) is the angle between the force and the displacement vector

If the force is applied in the same direction as the movement, then \( \theta = 0™\circ \), and \( \cos
0~\circ = 1), making the work calculation straightforward.

Factors Affecting Work

Several factors influence the amount of work done when pushing an object:
- The magnitude of the applied force

- The distance over which the force is applied

- The angle between the force and the direction of movement

- Opposing forces such as friction, which can do negative work

Understanding these factors is essential for accurately calculating work in real-world situations.



Analyzing the Given Problem

The problem states:

- Mass of the object, \( m = 20\, \text{kg} \)

- Distance moved, \( d = 10\, \text{m} \)

- Applied horizontal force, \( F = 80\, \text{N} \)

The question: How much work is done in pushing the object?

To solve this, we need to determine:

- Whether the applied force is in the same direction as the displacement
- The effect of opposing forces such as friction

- The net work done on the object

Let's analyze each aspect carefully.

Considering Friction and Other Opposing Forces

Frictional Force

When pushing an object across a surface, the primary opposing force is usually kinetic friction,
which opposes the motion. To accurately calculate the work done, we need to estimate the frictional
force.

The kinetic friction force is given by:

\[ F f =\mu k \times N \]

Where:

-\(\mu k) is the coefficient of kinetic friction

-\( N'\) is the normal force, which for horizontal movement equals the weight of the object:

\[ N = m \times g \]

Assuming standard gravity:

\[ g = 9.8\, \text{m/s}"~2\]
\[ N = 20\, \text{kg} \times 9.8\, \text{m/s} "2 = 196\, \text{N} \]

The coefficient of kinetic friction, \(\mu k), varies depending on the surfaces involved. For typical
surfaces, \(\mu_k \) can range from 0.2 to 0.5.

For this calculation, let's assume an average value:
\[ \mu k =0.3\]

Then,



\[ F f=0.3\times 196\, \text{N} = 58.8\, \text{N} \]

This opposing force reduces the net force contributing to moving the object.

Net Force and Work Calculation

Since the person applies an 80 N force, and friction opposes motion with approximately 58.8 N, the
net force responsible for moving the object forward is:

\[ F {\text{net}} = F {\text{applied}} - F f= 80\ \text{N} - 58.8\, \text{N} = 21.2\, \text{N} \]

Assuming the applied force acts horizontally in the same direction as the displacement, the work
done by the person is based on the applied force over the distance.

Key Point: In physics, the work done by the person is calculated using the applied force, regardless
of opposing forces; but the useful work contributing to displacement considers net forces.

Calculating the Work Done

The work done by the person in pushing the mass over 10 meters with an applied force of 80 N is:
\[ W = F \times d \times \cos 0™ \circ = 80\, \text{N} \times 10\, \text{m} \times 1 = 800\, \text{J} \]
This is the total work exerted by the person.

However, the useful work that actually contributes to moving the object against friction (i.e., the net
work) is:

\[ W_{\text{net}} = F {\text{net}} \times d = 21.2\, \text{N} \times 10\, \text{m} = 212\, \text{J} \]

Summary:

| Quantity | Value | Explanation |

[

| Applied force (\(F\)) | 80 N | Force exerted by the person |

| Frictional force (\(F_f\)) | ~58.8 N | Opposing force due to friction |

| Net force (\(F_{\text{net}}\)) | ~21.2 N | Effective force causing acceleration or displacement |
| Distance (\(d\)) | 10 m | Length of the push |

| Work done by person | 800 J | Total energy exerted in pushing |

| Useful work (against friction) | 212 J | Net work contributing to movement |



Additional Considerations

Is the Object Accelerating?

In this scenario, if the applied force is just enough to overcome friction, the object will move at a
constant velocity, indicating zero acceleration. The work done in such cases primarily compensates
for energy lost to friction.

Energy Perspective

From an energy standpoint, the person expends approximately 800 Joules to move the mass 10
meters, with about 212 Joules doing useful work against friction and the remaining energy
dissipated as heat and deformation.

Conclusion

Calculating work in real-world scenarios involves understanding forces, directions, and opposing
effects like friction. In this problem, the total work done by the person pushing the 20 kg mass over
10 meters with an 80 N force is 800 Joules. The net work contributing to moving the object against
friction is approximately 212 Joules, considering an estimated coefficient of friction of 0.3.

This problem illustrates the importance of considering all forces involved and understanding the
distinction between total work done and useful work. Such insights are fundamental in physics,
engineering, and everyday problem-solving.

Remember: When calculating work, always verify the direction of forces, consider opposing forces
like friction, and understand the context of the movement to arrive at accurate and meaningful
results.

Frequently Asked Questions

What is the work done when pushing a 20 kg mass 10 meters
across the floor with an 80 N force?

The work done is calculated by multiplying the force by the distance: Work = Force x Distance = 80
N x 10 m = 800 Joules.

Does the work done depend on the mass of the object in this
scenario?

No, the work done depends on the force applied and the distance moved; the mass affects the force
required if friction is considered, but in this simplified case, it doesn't directly affect the work



calculation.

What assumptions are made in calculating the work done in
this scenario?

Assumptions include that the force applied is constant, acts horizontally, and all of the work is used
to move the mass without energy losses like friction or air resistance.

How would the work change if the force applied was less than
80 N?

If the force was less than 80 N, the work done would decrease proportionally, since Work = Force X
Distance, assuming the object still moves 10 meters.

What role does friction play in calculating the actual work
done in real-world scenarios?

Friction opposes motion and requires additional force to overcome; thus, the actual work done would
include overcoming friction, potentially making it higher than the simple calculation assuming no
friction.

Can the work done be negative in this scenario?

Work done is negative if the force applied opposes the direction of movement; in this case, since the
force and displacement are in the same direction, the work done is positive.

Additional Resources
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Introduction

In the realm of physics, understanding the concept of work is fundamental to analyzing everyday
activities—such as pushing a heavy object across a surface. Consider a scenario where an individual
pushes a 20 kg mass across a floor for a distance of 10 meters, applying a constant horizontal force
of 80 newtons. This seemingly simple act encapsulates core physics principles involving force,
displacement, work, and energy transfer. Calculating the amount of work done in this context not
only enhances our grasp of classical mechanics but also illustrates how these principles underpin
real-world tasks, from manual labor to engineering applications. In this article, we delve into the
physics behind this scenario, exploring how to determine the work done, the role of friction, and the
broader implications of such calculations.



Understanding the Concept of Work in Physics

Before diving into calculations, it’s essential to clarify what physics means by “work.” In classical
mechanics, work (denoted as W) is defined as the product of the force applied to an object and the
displacement of that object in the direction of the force:

W =F x d x cos(0)

Where:

- F is the magnitude of the force applied,

- d is the displacement of the object,

- B is the angle between the force vector and the direction of displacement.

In many practical situations, like pushing an object along a flat surface, the force is aligned with the
displacement (6 = 0°), simplifying the formula to:

W=Fxd

This formula indicates that the work done depends on how much force is applied and how far the
object moves in the force’s direction.

Dissecting the Scenario: Forces at Play

In the given scenario, a person applies a horizontal force of 80 N to move a 20 kg mass across a floor
for 10 meters. Several forces influence this process:

- Applied Force (F push): The person exerts an 80 N force to move the object.

- Frictional Force (F friction): The floor opposes movement through friction, which resists the
applied force.

- Normal Force (N): The support force exerted by the surface, balancing the weight.

- Weight (W): The gravitational force acting downward, calculated as:

W=mxg=20kg x 9.8 m/s? =196 N

Understanding how these forces interact is critical to accurately calculating work.

Calculating the Frictional Force

Friction plays a central role in the effort required to move an object. The amount of frictional force
depends on two factors:

1. Normal Force (N): Since the surface is horizontal and the object is on Earth, the normal force
equates to the weight of the object unless other vertical forces are involved.

2. Coefficient of Friction (p): This is a property of the surfaces in contact, indicating how 'sticky' or
resistant to sliding they are.



The formula for kinetic friction (the force opposing motion when an object slides) is:

F friction = p X N

Assuming the surface provides a certain coefficient of kinetic friction, we need to determine its value
to proceed. For typical surfaces, p ranges between 0.1 (smooth, lubricated surfaces) and 0.6 (rough,
dry surfaces). Let's consider an average value of p = 0.3 for this analysis.

Calculating the frictional force:

F friction=pxN=0.3 x 196 N = 58.8 N

This value signifies that to keep the object moving at constant velocity, the person must exert a force
at least equal to this frictional force, i.e., approximately 58.8 N.

Analyzing the Actual Force Applied

In the scenario, the person applies an 80 N force, which exceeds the estimated frictional force of
approximately 58.8 N. This suggests:

- The person is exerting enough force to overcome friction.
- The net force (F_net) propelling the object forward is:

F net = F applied - F friction = 80 N-58.8 N = 21.2N

A positive net force indicates the object accelerates; however, in many practical pushing scenarios,
the person may push just enough to maintain constant velocity, implying the applied force equals the
friction.

For simplicity, and to focus on work done, we’ll assume the person pushes with a force of 80 N,

which is above the friction threshold, perhaps causing acceleration. But if the problem indicates the
object is moved at a constant velocity, then the applied force effectively balances the frictional force.

Calculating the Work Done
Case 1: Assuming the Person Applies Exactly the Frictional Force

If the person applies a force just enough to overcome friction—say 58.8 N—and moves the object at
constant velocity over 10 meters, then:

W=F xd=>58.8N x 10 m = 588 Joules

This represents the work done against friction to move the object over the given distance, which is
the energy required to overcome resistive forces.

Case 2: Using the Given Applied Force of 80 N



If the person applies an 80 N force, and assuming the movement is at constant velocity (implying no
net acceleration), the work done by the person is:

W=Fxd=80N x 10 m = 800 Joules

This calculation reflects the total work done by the person in pushing the object across the floor,
including overcoming friction and any other resistive forces, as well as imparting kinetic energy to
the object if it accelerates.

Considering Energy Transfer and Practical Implications
In real-world scenarios, the work done by the person manifests as:

- Overcoming resistive forces such as friction.
- Accelerating the object, if any.
- Potentially overcoming other minor resistances like air drag, though negligible at this scale.

If the object moves at a steady speed, the work done primarily goes into overcoming friction, and the
energy transferred as work is stored as kinetic energy in the object during acceleration phases.
Once at constant velocity, the net work done over each subsequent moment is zero, as the energy
input balances the energy lost to friction.

The total work done in this scenario, therefore, depends on the specific conditions: whether the
person accelerates the object or maintains a steady velocity. For simplicity, and in line with the
typical physics problem assumptions, the work done against friction—approximately 588 Joules—is
often the primary focus.

Broader Context and Applications
Understanding how much work is done in such a scenario has broader implications:

- Engineering Design: Engineers use similar calculations to determine the energy requirements for
moving objects—whether in manufacturing, logistics, or robotics.

- Ergonomics & Human Effort: Assessing the energy expenditure and effort needed for manual tasks
helps improve safety and efficiency.

- Physics Education: Such problems serve as foundational exercises to illustrate forces, work, and
energy transfer principles.

Moreover, this analysis emphasizes the importance of friction and force application in everyday
tasks, highlighting the energy costs associated with seemingly simple actions.

Final Thoughts

Calculating the work done when pushing a mass across a floor involves understanding the interplay
of applied force, resistive forces like friction, and the displacement involved. In the given scenario, if



the individual applies an 80 N force to move a 20 kg mass over 10 meters, the total work performed
can be approximated as 800 Joules, assuming the force is applied in the direction of movement and
the object accelerates or moves at constant velocity.

Ultimately, this exercise underscores that even mundane activities are governed by fundamental
physics principles. Recognizing these helps us appreciate the forces involved in everyday tasks and
the energy dynamics at play, whether in manual labor, machinery operation, or athletic
performance.

Note: For more precise calculations, knowing the exact coefficient of friction and whether the object
accelerates or moves at constant velocity would refine the work estimate further.
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