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When analyzing the physics of falling objects, especially a person descending
through a fluid medium such as air, understanding the energy dynamics
involved is essential. Specifically, when a 60-kg person falls at a constant
speed for a duration of 15 seconds, a crucial aspect to consider is how much
energy is dissipated due to the dissipative drag force exerted by the
surrounding medium. This article delves into the detailed physics behind this
phenomenon, explaining the concepts of drag force, energy dissipation, and
the calculations involved in quantifying the energy lost during such a fall.

Understanding the Concept of Dissipative Drag
Force

What Is Drag Force?

Drag force is a resistive force experienced by an object moving through a
fluid (liquid or gas). It acts opposite to the direction of motion and
depends on several factors, including:

- The velocity of the object relative to the fluid
- The fluid's density
- The shape and size of the object
- The viscosity of the fluid

In the case of a person falling through air, the primary resistive force is
the aerodynamic drag caused by the air particles colliding with the person's
body as they descend.

Mathematical Representation of Drag Force

The drag force \( F_d \) can be expressed as:

\[



F_d = \frac{1}{2} C_d \rho A v^2
\]

Where:
- \( C_d \) is the drag coefficient (dimensionless), dependent on shape and
flow conditions
- \( \rho \) is the air density (kg/m³)
- \( A \) is the cross-sectional area of the falling object (m²)
- \( v \) is the velocity of the object relative to the fluid (m/s)

For a person, typical values of \( C_d \) range between 1.0 and 1.3 during
free fall, depending on posture and orientation.

Constant Speed (Terminal Velocity) and Energy
Balance

What Is Terminal Velocity?

When a person falls, initially, gravity accelerates them downward. As
velocity increases, the drag force also increases until it balances the
gravitational force. At this point, acceleration ceases, and the person
continues to fall at a constant velocity called the terminal velocity \( v_t
\).

\[
mg = F_d
\]

Where:
- \( m \) is the mass of the person
- \( g \) is the acceleration due to gravity (≈ 9.81 m/s²)
- \( F_d \) is the drag force at terminal velocity

Once terminal velocity is reached, the net force on the person is zero, and
the fall continues at this constant speed.

Energy Considerations During the Fall

Initially, the person possesses gravitational potential energy relative to
the ground:

\[
U = mgh
\]



where \( h \) is the initial height or the distance fallen.

As the person falls at constant speed over time \( t \), the potential energy
decreases, converting into kinetic energy and energy lost to the environment
due to drag.

Since the velocity remains constant during the fall (no acceleration), the
kinetic energy remains steady. Therefore, the energy lost to dissipative
forces—primarily air drag—is the difference between the initial potential
energy and the energy retained as kinetic energy at that velocity.

In essence:

\[
\text{Energy lost to drag} = \text{Initial potential energy} - \text{Kinetic
energy after fall}
\]

However, because the velocity is constant, kinetic energy remains the same
during the fall, and the energy loss is primarily due to the work done
against the drag force over the duration.

Calculating the Energy Lost to Drag Force for
the Person Falling

Step 1: Determine the Person's Terminal Velocity

Given:
- Mass \( m = 60\, \text{kg} \)
- Gravity \( g = 9.81\, \text{m/s}^2 \)
- Air density \( \rho \approx 1.225\, \text{kg/m}^3 \) at sea level
- Cross-sectional area \( A \): typical human frontal area is approximately
0.7 m²
- Drag coefficient \( C_d \): assume 1.0 (for a stable, belly-to-earth
position)

Calculate \( v_t \):
\[
mg = \frac{1}{2} C_d \rho A v_t^2
\]

Rearranged:

\[
v_t = \sqrt{\frac{2mg}{C_d \rho A}}
\]



Plugging in the numbers:

\[
v_t = \sqrt{\frac{2 \times 60 \times 9.81}{1.0 \times 1.225 \times 0.7}}
\]

Calculate numerator:

\[
2 \times 60 \times 9.81 = 1177.2
\]

Calculate denominator:

\[
1.225 \times 0.7 = 0.8575
\]

Now:

\[
v_t = \sqrt{\frac{1177.2}{0.8575}} \approx \sqrt{1373.0} \approx 37.05\,
\text{m/s}
\]

Thus, the person's terminal velocity is approximately 37.05 m/s.

Step 2: Confirm the Fall Duration and Distance

Since the person falls at constant velocity \( v_t \), the total distance
fallen over time \( t \) is:

\[
h = v_t \times t
\]

Given:
- \( t = 15\, \text{s} \)

Calculate:

\[
h = 37.05\, \text{m/s} \times 15\, \text{s} = 555.75\, \text{m}
\]

The person falls approximately 556 meters in 15 seconds at terminal velocity.



Step 3: Calculate the Initial Potential Energy

\[
U = mgh = 60\, \text{kg} \times 9.81\, \text{m/s}^2 \times 555.75\, \text{m}
\]

\[
U \approx 60 \times 9.81 \times 555.75 \approx 60 \times 5450 \approx
327,000\, \text{J}
\]

The initial potential energy is approximately 327,000 Joules.

Step 4: Determine the Work Done Against Drag Force

The work done by the drag force over the fall is:

\[
W_{drag} = \int F_d \, ds
\]

Since during the fall at terminal velocity, \( F_d = mg \) and the force is
constant, the work done:

\[
W_{drag} = F_d \times h = mg \times h
\]

But, because the drag force opposes gravity, and the force balance provides:

\[
F_d = mg
\]

Thus:

\[
W_{drag} = mg \times h \approx 327,000\, \text{J}
\]

This indicates that approximately 327,000 Joules of energy are dissipated by
air resistance during the fall.

Note: This matches the initial potential energy, implying that all the
initial potential energy is lost to air resistance if the person is falling
at constant velocity over such a significant distance.



Summary and Implications

- The energy lost to dissipative drag force during a 15-second fall at
terminal velocity from a height of approximately 556 meters is about 327,000
Joules.
- In real-world scenarios, factors such as varying wind conditions, changes
in posture, and non-constant velocity can influence the actual energy
dissipation.
- The calculation assumes steady terminal velocity is maintained throughout
the fall, which is typical after initial acceleration phases.
- The significant amount of energy dissipated illustrates the powerful
influence of air resistance on high-speed falls and has practical
implications in areas like skydiving, parachuting safety, and high-altitude
jumps.

Conclusion

Understanding how much energy is lost to a dissipative drag force during a
fall provides valuable insight into the physics of motion through a fluid
medium. For a 60-kg person falling at terminal velocity for 15 seconds,
approximately 327,000 Joules of energy are dissipated due to air resistance.
This energy loss underscores the importance of drag in limiting fall speeds
and influencing the dynamics of free-fall motion. Whether analyzing safety in
parachuting or designing aerodynamic bodies, quantifying energy dissipation
due to drag is fundamental in physics and engineering applications.

Keywords: dissipative drag force, energy loss, fall at constant speed,
terminal velocity, air resistance, physics calculation, potential energy,
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Frequently Asked Questions

How can we calculate the energy lost to a
dissipative drag force when a person falls at
constant speed?
The energy lost is equal to the work done against the drag force, which can
be calculated by multiplying the drag force by the distance fallen. Since the
person falls at constant speed, the gravitational force is balanced by the
drag force, so the work done against drag equals the gravitational potential
energy lost over the fall distance.



What is the total energy lost to drag when a 60-kg
person falls at constant speed for 15 meters?
The energy lost is approximately 8,820 Joules, calculated using the drag
force and the distance fallen, assuming the drag force remains constant
during the fall.

How does the dissipative drag force affect the
person's kinetic energy during the fall?
Since the person falls at constant speed, their kinetic energy remains
constant, indicating that the energy lost to the drag force is compensated by
the work done by gravity, with some energy dissipated as heat due to drag.

What factors determine the magnitude of the energy
lost to drag during the fall?
The key factors include the magnitude of the drag force (dependent on factors
like air density, the person's surface area, and drag coefficient), the
distance fallen, and the person's mass and speed. In this case, the constant
speed condition simplifies calculations.

Why is the energy loss to dissipative drag force
important in understanding falling objects or
humans?
Understanding energy loss due to drag helps in designing safety equipment,
estimating terminal velocities, and analyzing energy efficiency in various
scenarios involving falling objects or humans in fluid environments.

Additional Resources
How Much Energy Is Lost To A Dissipative Drag Force If A 60-kg Person Falls
At A Constant Speed For 15 Seconds

Imagine watching a skydiver gracefully descend, their speed steady and
unchanging. Have you ever wondered how much energy is dissipated into the
environment during this seemingly effortless fall? Specifically, if a 60-kg
person falls at a constant speed for 15 seconds, how much energy is lost due
to the dissipative drag force acting on them? This question delves into the
fascinating interplay between gravity, air resistance, and energy transfer,
blending physics concepts with real-world phenomena.

In this article, we explore the principles governing such a fall, analyze the
energy transformations involved, and estimate the magnitude of energy
dissipated through drag force. Whether you're a student, a science
enthusiast, or just curious about the physics of falling objects, this



comprehensive overview aims to shed light on the energy dynamics at play
during steady falls.

---

Understanding the Physics of Falling with Drag

Before we quantify energy loss, it's essential to understand the forces
involved when a person falls through the air.

Gravitational Force

The primary force pulling the person downward is gravity, calculated by:

\[ F_g = m \times g \]

where:
- \( m = 60\, \text{kg} \) is the person's mass,
- \( g \approx 9.81\, \text{m/s}^2 \) is the acceleration due to gravity.

So,

\[ F_g = 60 \times 9.81 \approx 588.6\, \text{N} \]

Air Resistance (Drag Force)

Opposing gravity is the drag force exerted by air. When falling at a constant
velocity, the drag force (\( F_d \)) balances the gravitational force:

\[ F_d = F_g \approx 588.6\, \text{N} \]

The drag force depends on several factors, including the shape and size of
the object, the air's density, and the velocity:

\[ F_d = \frac{1}{2} \times \rho \times v^2 \times C_d \times A \]

where:
- \( \rho \) is the air density (approximately \( 1.225\, \text{kg/m}^3 \) at
sea level),
- \( v \) is the velocity,
- \( C_d \) is the drag coefficient (dimensionless),
- \( A \) is the cross-sectional area facing the airflow.

---

Estimating the Terminal Velocity

Since the person is falling at a constant speed, they are at their terminal
velocity—the speed where the upward drag force equals the downward
gravitational force, resulting in zero net acceleration.



Calculating approximate terminal velocity requires assumptions:

- Typical cross-sectional area (\(A\)) of a person: about \(0.7\,
\text{m}^2\).
- Drag coefficient (\(C_d\)): for a human in a stable, belly-to-earth
position, roughly 1.0.

Using these values, we estimate the terminal velocity:

\[
v_{t} = \sqrt{\frac{2 m g}{\rho C_d A}}
\]

Plugging in the numbers:

\[
v_{t} = \sqrt{\frac{2 \times 60 \times 9.81}{1.225 \times 1.0 \times 0.7}}
\]

Calculating numerator:

\[
2 \times 60 \times 9.81 = 1177.2
\]

Calculating denominator:

\[
1.225 \times 0.7 = 0.8575
\]

So,

\[
v_{t} = \sqrt{\frac{1177.2}{0.8575}} \approx \sqrt{1373.0} \approx 37.05\,
\text{m/s}
\]

Therefore, the approximate terminal velocity is about 37 meters per second.

---

Energy Dissipation During a Steady Fall

When the person falls at this terminal velocity, the mechanical energy they
lose from gravity is continuously dissipated and transferred into the
environment via air resistance. The key insight is that, over time, the total
energy lost to drag equals the work done against the drag force.

Calculating Energy Lost Over 15 Seconds



Since the velocity is constant (steady fall), the power dissipated by the
drag force is:

\[
P = F_d \times v
\]

Given that \( F_d \approx 588.6\, \text{N} \) and \( v \approx 37\,
\text{m/s} \):

\[
P = 588.6 \times 37 \approx 21,800\, \text{W}
\]

This means approximately 21.8 kilowatts of power is being continuously lost
to air resistance during the fall.

The total energy dissipated over 15 seconds is:

\[
E = P \times t = 21,800\, \text{W} \times 15\, \text{s} \approx 327,000\,
\text{J}
\]

In words: about 327 kilojoules of energy are dissipated into the environment
as air resistance during the 15-second fall.

---

Interpreting the Energy Loss

This significant amount of energy suggests that the environment absorbs a
large portion of the gravitational potential energy lost by the person. To
see this more clearly, let's compare the initial potential energy to the
energy dissipated:

\[
\text{Potential Energy} = m \times g \times h
\]

where \( h \) is the vertical distance fallen in 15 seconds:

\[
h = v \times t = 37 \times 15 = 555\, \text{meters}
\]

The initial potential energy:

\[
PE = 60 \times 9.81 \times 555 \approx 326,763\, \text{J}
\]



This closely matches our total energy dissipation estimate (327,000 J),
confirming that nearly all the potential energy lost during the fall is
converted into heat and other forms of energy in the environment due to air
drag.

---

Real-World Considerations and Limitations

While these calculations provide a solid approximation, several factors can
influence the actual energy loss:

- Variability in Air Density: Altitude and weather conditions alter \( \rho
\), affecting drag.
- Position and Posture: Changing body positions modify \( C_d \) and \( A \),
influencing terminal velocity.
- Non-ideal Conditions: Turbulence, wind, and body movements can cause
fluctuations in velocity and force.

Despite these, the fundamental physics remains consistent: a steady fall at
terminal velocity involves a continuous conversion of gravitational potential
energy into heat via air resistance.

---

Broader Implications and Applications

Understanding the energy lost due to dissipative forces has practical
implications across multiple fields:

- Aerospace Engineering: Designing parachutes, aircraft, and spacecraft
requires precise calculations of energy dissipation.
- Sports Science: Athletes training for high-altitude or free-fall sports
benefit from understanding drag and energy transfer.
- Environmental Science: Air resistance plays a role in how pollutants
disperse and how animals and objects move through the atmosphere.

This knowledge also underscores the importance of dissipative forces in
energy conservation and transfer, illustrating how energy is not destroyed
but transformed, often into less apparent forms such as heat.

---

Final Thoughts

In summary, when a 60-kg person falls at a constant speed for 15
seconds—roughly 37 meters per second—the energy lost to dissipative drag
force is approximately 327,000 joules. This energy transfer manifests as heat
and turbulence in the surrounding air, highlighting the fundamental physics
that govern even the most seemingly simple phenomena like a steady fall.



The interplay between gravity and air resistance exemplifies the delicate
balance of forces in our environment and underscores the importance of
understanding energy transfer mechanisms in physics. Whether for scientific
research, engineering, or simply appreciating the physics behind a fall,
recognizing how much energy is lost to drag enriches our understanding of
motion and energy in the real world.

How Much Energy Is Lost To A Dissipative Drag Force If A 60
Kg Person Falls At A Constant Speed For 15

How Much Energy Is Lost To A Dissipative Drag Force If A 60 Kg Person Falls At A Constant Speed
For 15

Related Articles
Jenny Is Shopping At Fashion Island In Newport Beach For A New Winter Jacket And Finds
One On Sale For
Jack Welch, Former CEO Of General Electric, Was Known By His Employees As "Bloody Jack"
Because Of The
Goal Instability Scale Life Satisfaction Index And Interpersonal Support Evaluations List Are
All Used

Back to Home

https://sip.evo9x.com/ma25/how-much-energy-is-lost-to-a-dissipative-drag-force-if-a-60-kg-person-falls-at-a-constant-speed-for-15.pdf
https://sip.evo9x.com/ma25/how-much-energy-is-lost-to-a-dissipative-drag-force-if-a-60-kg-person-falls-at-a-constant-speed-for-15.pdf
https://sip.evo9x.com/ma25/jenny-is-shopping-at-fashion-island-in-newport-beach-for-a-new-winter-jacket-and-finds-one-on-sale-for.pdf
https://sip.evo9x.com/ma25/jenny-is-shopping-at-fashion-island-in-newport-beach-for-a-new-winter-jacket-and-finds-one-on-sale-for.pdf
https://sip.evo9x.com/ma25/jack-welch-former-ceo-of-general-electric-was-known-by-his-employees-as-bloody-jack-because-of-the.pdf
https://sip.evo9x.com/ma25/jack-welch-former-ceo-of-general-electric-was-known-by-his-employees-as-bloody-jack-because-of-the.pdf
https://sip.evo9x.com/ma25/goal-instability-scale-life-satisfaction-index-and-interpersonal-support-evaluations-list-are-all-used.pdf
https://sip.evo9x.com/ma25/goal-instability-scale-life-satisfaction-index-and-interpersonal-support-evaluations-list-are-all-used.pdf
https://sip.evo9x.com

