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Up In The Air At a certain initial velocity involves understanding the complex interplay of forces
acting on the object as it moves through the air. When an object is projected upward, it experiences
various forces that influence its motion, including gravity (a conservative force) and air resistance (a
nonconservative force). To accurately calculate the work done by nonconservative forces, such as air
drag, it is essential to analyze the energy transformations and the net work done on the object
during its ascent.

This article provides a comprehensive overview of how to determine the work done by
nonconservative forces in such scenarios. We will explore key concepts like work, energy
conservation, the role of nonconservative forces, and step-by-step procedures to quantify the work
involved.

Understanding the Fundamentals: Forces and Work

Work and Energy: Basic Concepts

Work is defined as the transfer of energy when a force acts on an object causing displacement.
Mathematically, work (W) is expressed as:

\[ W = \int \vec{F} \cdot d\vec{s} \]
where \(\vec{F}\) is the force vector and \(d\vec{s}\) is the infinitesimal displacement vector.

Energy, on the other hand, relates to an object’s capacity to do work. When an object is in motion, it
possesses kinetic energy, given by:

\[ KE =\frac{1}{2} mv"2\]
and potential energy in a gravitational field:
PE=mgh}\]

where:

-\(m\) is the mass,

-\(v\) is velocity,

-\(g\) is acceleration due to gravity,
\(h\) is height.



Conservative vs. Nonconservative Forces

- Conservative forces (like gravity) conserve mechanical energy. The work done by these forces
depends only on the initial and final positions.

- Nonconservative forces (like air resistance or friction) do not conserve mechanical energy. They
often convert mechanical energy into other forms such as heat.

Understanding the difference is crucial because nonconservative forces do work that cannot be
simply deduced from potential energy differences.

Scenario Description: Object Shot Upward

Suppose an object with a mass of 10 kg is projected vertically upward with an initial velocity \(v_0\).
As it moves upward:

- Gravity acts downward with a force \(F g = m g\),

- Air resistance (drag) opposes the motion, acting downward with a force \(F_{drag}\),

- The object reaches a maximum height \(h_{max}\),

- Then it descends back down, experiencing similar forces.

The goal is to determine the work done by nonconservative forces—primarily air resistance—during
the entire ascent.

Step-by-Step Approach to Calculating Work Done by
Nonconservative Forces

1. Establish Initial Conditions and Known Data

Gather the necessary information:

- Mass of the object, \(m = 10\, kg\),

- Initial velocity, \(v_0\) (assumed or given),

- Gravitational acceleration, \(g = 9.8\,m/s"2\),

- Air resistance characteristics (drag coefficient \(C d\), cross-sectional area \(A\), air density

\(\rho\)),
- Maximum height or time of flight, if available.

Example: Let’s assume the object is shot upward with \(v_0 = 20\,m/s\).

2. Determine Theoretical Maximum Height Without
Nonconservative Forces

Using energy conservation considering only gravity:

\[v0"2 =2 gh {max} \Rightarrow h {max} = \frac{v 0~2}{2 g} \]



Plugging in values:
\[ h {max} = \frac{(20)"2}{2 \times 9.8} \approx \frac{400}{19.6} \approx 20.41\,m \]

This is the maximum height if no air resistance acts.

3. Calculate Actual Maximum Height with Air Resistance

In reality, the maximum height will be less due to energy lost to air resistance.

- To find the actual height, one may need to analyze the forces during ascent or use experimental
data.

Alternatively, energy loss can be estimated if the work done by nonconservative forces is known or
can be approximated.

4. Apply Work-Energy Principle Including Nonconservative
Forces

The general energy relation:

\[ W _{nc} = \Delta KE + \Delta PE \]

Since the object starts at initial velocity \(v_0\) and comes to rest at maximum height:
- Initial kinetic energy:

\[ KE ({initial} = \frac{1}{2} mv 07°2]

- Final kinetic energy at maximum height:

\[ KE {final} =0\]

- Change in potential energy:

\[ \Delta PE = m g h {actual} \]

- Work done by nonconservative forces:

\[ W {nc} = (KE {final} + PE {final}) - (KE {initial} + PE {initial}) \]

Given that \(PE {initial} = 0\) at ground level, and \(PE {final} = m g h {actual}\):
\[ W {nc} = -\left(\frac{1}{2} mv 072 -m gh {actual} \right) \]

This accounts for the energy lost due to air resistance.



5. Quantify the Work Done by Nonconservative Forces

Assuming the actual maximum height \(h {actual}\) is known or measured:
\[ W {nc} =\frac{1}{2} mv 0”2 -m gh {actual} \]

Because air resistance opposes the motion, the work done by air drag will be negative, representing
energy lost from the system.

Using the previous example:

Suppose experimental data shows the maximum height is actually \(h_{actual} = 15\,m\). Then:
\[ KE {initial} = \frac{1}{2} \times 10 \times 20”2 = 100 \times 400 = 40000\,J \]

\[ PE_{final} = 10 \times 9.8 \times 15 = 10 \times 147 = 1470\,J \]

Work done by nonconservative forces:

\[ W_{nc} =40000 - 1470 = 38530\,J \]

Since energy is lost to air resistance, this value indicates approximately 38,530 ] of work was done
by nonconservative forces (or, more accurately, energy was dissipated due to their action).

Note: The negative sign indicates energy is leaving the mechanical system, so the work done by
nonconservative forces (like air drag) is negative:

\[ W {drag} = -38530\]\]

Alternatively, you could state the magnitude as the energy lost due to air resistance.

Role of Drag Coefficient and Air Resistance Modeling

Understanding Drag Force

Air resistance is typically modeled as:
\[ F {drag} =\frac{1}{2} C d\rho Av"2\]

where:

-\(C_d\) is the drag coefficient,

\(\rho\) is air density (~1.225 kg/m? at sea level),
(A\) is the cross-sectional area,

(v\) is the velocity.

— -

This force acts opposite to the direction of motion, reducing the kinetic energy as the object ascends.



Calculating Work Done by Air Resistance

The work done by drag over the entire path can be calculated by integrating the force over the
displacement:

\[ W {drag} = \int {s {initial}}"~{s {final}} F {drag}\, ds\]

Since \(F_{drag}\) depends on velocity, which varies over time, solving this integral often requires
numerical methods or computational simulations.

Practical Examples and Applications

- Projectile motion analysis: Engineers and physicists often need to determine how much energy is
lost due to air resistance to optimize projectile designs.

- Sports science: Analyzing how air drag affects the trajectory of balls or athletes’ movements.

- Aerospace engineering: Calculating work done by nonconservative forces helps in designing
efficient aircraft or spacecraft.

Summary and Key Takeaways

- The work done by nonconservative forces, such as air resistance, can be determined by analyzing
the energy difference between initial and final states.

- In upward projectile motion, energy lost due to air drag manifests as negative work, reducing the
maximum height and kinetic energy.

- Precise calculations involve understanding the forces involved, modeling air resistance, and
integrating the force over the displacement.

- Experimental data or detailed force models are often necessary to obtain accurate estimates.

In conclusion, determining the work done by nonconservative forces when an object is shot upward
requires a combination of energy principles, force modeling, and sometimes numerical methods.
Recognizing the role of air resistance allows for more accurate predictions of projectile behavior and
energy losses, which are essential in various scientific and engineering applications.

Note: Always ensure to have

Frequently Asked Questions

How do nonconservative forces affect the work done on a
projectile launched upward?

Nonconservative forces like air resistance do negative work on the projectile, reducing its total
mechanical energy and affecting its maximum height and speed.



What is the method to calculate the work done by
nonconservative forces on a 10 kg object shot upward?

The work done by nonconservative forces can be found by calculating the difference between the
initial and final mechanical energies, accounting for energy lost due to forces like air resistance.

How does air resistance influence the work done on a 10 kg
object shot upwards?

Air resistance opposes the motion, doing negative work that decreases the object’s kinetic energy
and reduces the height achieved compared to ideal conditions.

If an object with mass 10 kg is shot upward with initial
velocity v, how can we determine the work done by
nonconservative forces?

Calculate the initial kinetic energy (0.5 10 v*~2), then find the maximum height considering only
conservative forces, and subtract the final mechanical energy from the initial to find work done by
nonconservative forces.

Why is it important to consider nonconservative forces when
analyzing projectile motion?

Because nonconservative forces like air resistance dissipate mechanical energy as heat or sound,
significantly impacting the trajectory and energy calculations.

Can the work done by nonconservative forces be positive in
projectile motion?

Generally, nonconservative forces do negative work, removing energy from the system; positive
work would require an external force adding energy, which is not typical in projectile motion.

What is the relation between work done by nonconservative
forces and the change in kinetic energy?

The work-energy theorem states that the work done by nonconservative forces equals the change in
the object's kinetic energy minus the change in potential energy, reflecting energy loss due to these
forces.

How does the initial velocity of the object influence the work
done by nonconservative forces?

A higher initial velocity results in greater initial kinetic energy, and thus, more work is typically done
by nonconservative forces to oppose and dissipate this energy during the motion.



Additional Resources

Work Done by Nonconservative Forces: An In-Depth Exploration

When analyzing the motion of objects, especially in physics, understanding the forces at play is
fundamental. Among these forces, nonconservative forces—like friction, air resistance, or applied
forces—play a crucial role in energy transfer and work calculations. Today, we delve into a specific
scenario: "Determine the work done by nonconservative forces when a 10 kg object is shot up in the
air." This problem not only illustrates core principles of work and energy but also exemplifies how
nonconservative forces influence an object’s journey through space.

Understanding the Scenario: The Basic Setup

Imagine a 10 kg object launched vertically upward with some initial velocity. Our goal is to quantify
the work done by nonconservative forces—primarily air resistance and any other external
forces—during its ascent.

Key assumptions for analysis:

- The object is shot vertically upward from ground level.

- Initial velocity \( u\) (to be specified or assumed).

- The only conservative force involved is gravity.

- Nonconservative forces, mainly air resistance, oppose the motion.

- The object eventually reaches a maximum height and then descends back down.

Note: To perform detailed calculations, we need to specify the initial velocity or initial kinetic
energy. For illustrative purposes, let's assume an initial velocity \(u = 20\, \text{m/s} \).

Core Concepts and Principles Involved

Before diving into calculations, it's essential to clarify the fundamental physics concepts:

Work-Energy Theorem
This theorem states that the net work done on an object equals its change in kinetic energy:
\[

W _{\text{net}} = \Delta KE = KE {\text{final}} - KE {\text{initial}}
\]

In the absence of nonconservative forces, the work done by conservative forces (like gravity)
accounts for changes in potential energy. When nonconservative forces like air resistance act, they



do work that either dissipates energy as heat or other forms, reducing the object's mechanical
energy.

Types of Forces and Their Work

- Conservative forces: Gravity, elastic springs; their work depends only on initial and final positions.
- Nonconservative forces: Friction, air resistance, applied forces; their work depends on the path
taken and results in energy dissipation or addition.

In our case, the work by nonconservative forces is negative (they oppose motion), leading to energy
loss during the ascent.

Analyzing the Motion: Step-by-Step Approach

To determine the work done by nonconservative forces, we follow these steps:

1. Identify initial and final energies.

2. Calculate the initial kinetic energy.

3. Determine the maximum height reached in ideal conditions (without air resistance).
4. Estimate the actual maximum height considering nonconservative forces.

5. Use energy conservation principles to find work done by nonconservative forces.

Step 1: Initial Conditions

Given:

- Mass \( m = 10\, \text{kg} \)

- Initial velocity \( u = 20\, \text{m/s} \)

- Gravitational acceleration \( g = 9.81\, \text{m/s}"~2)

Initial kinetic energy:

\[

KE {initial} = \frac{1}{2} m u”~2 = \frac{1}{2} \times 10 \times (20)"~2 = 5 \times 400 = 2000\,
\text{]J}

\]

Initial potential energy at ground level:

\[
PE {initial} = 0\, \text{J}
\]



Step 2: Ideal Maximum Height (Without Air Resistance)

In an ideal scenario (no air resistance), the maximum height \( H {ideal} \) is obtained when all
initial kinetic energy converts into potential energy:

\[

PE {max} = KE {initial}

\]

\[

m g H {ideal} = KE {initial}

\]

\[

H {ideal} = \frac{KE {initial}}{m g} = \frac{2000}{10 \times 9.81} \approx \frac{2000} {98.1}
\approx 20.4\, \text{m}

\]

So, without air resistance, the object would reach approximately 20.4 meters.

Step 3: Actual Maximum Height with Air Resistance

In reality, air resistance does work against the object’s motion, removing some energy from the
system. Suppose experimental data or detailed modeling indicates that the actual maximum height
reached is 15 meters.

At maximum height, the velocity is zero, and potential energy:

\[
PE {max} =m g H {actual} = 10 \times 9.81 \times 15 = 10 \times 147.15 = 1471.5\, \text{J}

\]

Initial total mechanical energy:

\[
E {initial} = KE {initial} + PE {initial} = 2000\, \text{J}
\]

Final mechanical energy at maximum height:

\[
E {final} = PE {max} = 1471.5\, \text{J}

\]



Step 4: Work Done by Nonconservative Forces

The work done by nonconservative forces, \( W_{nc} \), accounts for the energy lost due to air
resistance:

\[
W {nc} = E {final} - E {initial} = 1471.5\, \text{J} - 2000\, \text{J} = -528.5\, \text{]J}
\]

The negative sign indicates that nonconservative forces have done negative work, removing energy
from the system.

Therefore, the work done by air resistance during the ascent is approximately 528.5 Joules.

Expanding the Analysis: Generalized Approach

The above example highlights a practical method, but the principles extend broadly:

1. Using Energy Conservation with Nonconservative Work

\[
\text{Initial Mechanical Energy} + W _{nc} = \text{Final Mechanical Energy}

\]

Rearranged:

\[

W {nc} = \text{Final Energy} - \text{Initial Energy}
\]

Where:

- Initial Energy: sum of initial kinetic and potential energies.
- Final Energy: sum at the point of interest (e.g., maximum height).

2. Calculating Work Done for Different Initial Velocities

If the initial velocity differs, the same method applies:

\[
KE {initial} = \frac{1}{2} m u"2
\]



\[
H {ideal} = \frac{KE {initial}}{m g}
\]

Actual maximum height can be obtained via measurements or data, and then:

\[
W {nc} = m g H {actual} - KE {initial}
\]

Additional Considerations and Real-World Complexities

While the above calculations provide a clear methodology, real-world scenarios involve additional
complexities:

- Variable air resistance: Air density varies with altitude, affecting drag.

- Drag coefficient: The shape and surface texture of the object influence air resistance.
- Wind and environmental factors: Lateral forces can alter the trajectory.

- Energy losses in other forms: Vibration, heat, and sound may dissipate energy.

In advanced physics, these factors are modeled using differential equations and fluid dynamics, but
for educational and practical purposes, the simplified energy approach suffices to estimate work
done by nonconservative forces.

Conclusion: The Significance of Nonconservative Force
Work Calculations

Understanding the work done by nonconservative forces, such as air resistance, is vital in fields
ranging from engineering to sports science. It informs us about energy efficiency, projectile
optimization, and environmental effects on motion.

In our example, the key takeaways are:

- The initial kinetic energy of 2000 Joules is partially lost due to air resistance.

- The actual maximum height achieved (15 meters) is less than the ideal height (~20.4 meters).
- The work done by nonconservative forces during ascent is approximately 528.5 Joules,
representing energy dissipated.

This detailed analysis underscores the importance of considering nonconservative forces in real-
world physics problems, demonstrating how they influence motion and energy transfer. Whether
designing a rocket, analyzing projectile motion, or studying athletic performance, quantifying work
done by such forces is fundamental to accurate modeling and understanding.



In essence, the work done by nonconservative forces when a 10 kg object is shot upward with an
initial velocity of 20 m/s is approximately 528.5 Joules, reflecting the energy lost mainly due to air
resistance during its ascent. This example illustrates core principles of energy conservation, force
work, and the real-world impacts of nonconservative forces on motion.
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