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Understanding the dynamics of a parachutist’s descent involves analyzing their rate of change in
height over time. In this article, we will explore how to determine the rate at which a parachutist
descends, interpret the significance of this rate, and delve into the physics principles that underpin
free fall and parachuting. Whether you're a student, a physics enthusiast, or simply curious about
parachuting mechanics, this comprehensive guide aims to provide clear explanations and practical
insights.

Introduction to Parachutist Descent and Rate of
Change in Height

The descent of a parachutist is a fascinating application of physics, particularly the concepts of
velocity, acceleration, and rate of change. When a parachutist jumps from an aircraft, they initially
accelerate due to gravity, but their acceleration decreases as air resistance (drag) increases.
Eventually, they reach a terminal velocity where the downward force of gravity is balanced by the
upward drag force, resulting in a constant velocity.

In our specific scenario, the parachutist descends 32 feet in 2 seconds. This information allows us to

calculate the average rate of change of height, which is essentially the average velocity during that
time interval.

Calculating the Rate of Change of Height

Understanding the Concept

The rate of change in height refers to how quickly the height of the parachutist decreases over a
specific period. It is mathematically expressed as the derivative of height with respect to time (dh/dt)
in calculus. When dealing with average rates over a time interval, it simplifies to:

\[ \text{Average Rate} = \frac{\text{Change in Height} }{\text{Change in Time}} \]



Applying the Data

Given:

- Height change (Ah) = 32 feet (descent, so it’s a decrease)
- Time interval (At) = 2 seconds

Since the descent is downward, the height decreases:

\[ \Delta h = -32 \text{ feet} \]

The average rate of descent (velocity) is:

\[ v {avg} = \frac{\Delta h}{\Delta t} = \frac{-32 \text{ ft}}{2 \text{ sec}} =-16 \text{ ft/sec} \]

The negative sign indicates a downward direction, but when discussing the magnitude of the rate,
we often focus on the absolute value:

\[ [v_{avg}| = 16 \text{ ft/sec} \]

Therefore, the parachutist’s average rate of change in height during this interval is 16 feet per
second downward.

Interpreting the Result

Average vs. Instantaneous Velocity

While the calculated rate (16 ft/sec) is an average over 2 seconds, the actual instantaneous velocity
at any moment during the descent could be different. For example, at the start of the jump, the
parachutist accelerates from zero, but as air resistance builds up, their velocity approaches the
terminal velocity, which can be higher than the average velocity calculated here.

Significance of the Rate

Understanding the rate of descent has practical implications:
- Safety: Ensuring the parachutist reaches a safe terminal velocity.

- Equipment Design: Designing parachutes that effectively slow descent.
- Timing: Determining the duration of free fall before deploying the parachute.

Physics Principles Underpinning the Parachutist’s



Descent

Gravity and Free Fall

Gravity is the primary force pulling the parachutist downward, with an acceleration of approximately
32.2 ft/sec? (9.8 m/sec?) near the Earth's surface. In free fall (without air resistance), an object
accelerates at this rate continuously.

Air Resistance and Drag

As the parachutist accelerates, air resistance (drag) opposes their motion. The drag force depends
on factors such as:

- Velocity of the object

- Cross-sectional area

- Shape and surface texture
- Air density

This force increases with velocity until it balances the weight of the parachutist, leading to terminal
velocity.

Terminal Velocity

At terminal velocity, the net acceleration is zero; the parachutist falls at a constant speed. Typically,
for a standard human in a belly-to-earth position, terminal velocity ranges from 120 to 180 mph
(approximately 176 to 264 ft/sec). However, in the initial moments of descent, the velocity is much
lower, which is why the average rate over the initial 2 seconds is 16 ft/sec, significantly below
terminal velocity.

Factors Affecting the Rate of Descent

Understanding what influences the rate of the parachutist’s change in height is crucial for both
safety and performance:

e Body Position: A spread-eagle position increases drag, reducing descent speed, while a
streamlined position increases speed.

¢ Parachute Deployment: Opening the parachute dramatically increases drag, slowing
descent.

* Weight of the Parachutist: Heavier individuals tend to reach higher terminal velocities.



¢ Altitude and Air Density: Higher altitudes with thinner air slightly reduce drag, affecting
descent rate.

Practical Applications and Real-World Considerations

Design of Parachuting Equipment

Engineers and designers use physics principles to optimize parachute design, ensuring safe and
controlled descent rates. For example:

- Parachute size and shape are calibrated to produce the desired drag.
- Materials are chosen to withstand forces during deployment.

Emergency Protocols

In emergency situations, understanding descent rates helps in planning safe landing procedures,
such as:

- When to deploy the main or reserve parachute.
- How to position the body for a safe landing.

Training and Simulation

Simulators use physics models to teach parachutists about descent dynamics, helping them control
their fall and land safely.

Conclusion

In summary, when a parachutist descends 32 feet in 2 seconds, their average rate of change in
height is approximately 16 feet per second downward. This calculation provides valuable insight into
their descent speed during that interval. The physics of parachuting involves a complex interplay of
gravity, air resistance, and body positioning, all of which influence the actual velocity and safety of
the descent.

Understanding these principles not only enhances safety and performance but also enriches our
appreciation for the science behind parachuting. Whether for recreational jumps, military
operations, or scientific research, mastering the concepts of rate of change in height and the forces
involved is essential for every parachutist and engineer involved in this fascinating activity.
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Frequently Asked Questions

What is the rate of the parachutist's change in height when
descending 32 feet in 2 seconds?

The rate of change in height is 16 feet per second downward.

How do you calculate the rate of descent for a parachutist who
descends 32 feet in 2 seconds?

Divide the total descent (32 feet) by the time (2 seconds): 32 + 2 = 16 feet per second downward.

Is the rate of descent constant for the parachutist in this
scenario?

Assuming uniform descent, yes, the rate is constant at 16 feet per second downward.

What units are used to express the rate of change in height?

Feet per second (ft/sec) is used to express the rate of change in height.

If the parachutist's descent speed increased to 20 feet per
second, how does the rate change?

The rate of change in height increases to 20 feet per second downward.

How can understanding the rate of descent help in
parachuting safety?

Knowing the rate of descent helps pilots and jumpers manage landing timing and ensure safe



landing procedures.

What mathematical concept is used to express the rate of
change in this problem?

The concept is the average rate of change, calculated as the change in height divided by the change
in time.

Can the rate of descent be considered a derivative in calculus
terms?

Yes, in calculus, the rate of descent at any moment is represented by the derivative of the height
function with respect to time.

If the descent continued at the same rate, how long would it
take to fall 100 feet?

At 16 feet per second, it would take 100 + 16 = 6.25 seconds to fall 100 feet.

Additional Resources
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Understanding the Rate of Descent: A Dive into Motion and Mathematics

In the world of parachuting, every second counts—not just for safety but also for understanding the
physics of free fall. Recently, a parachutist was observed to descend 32 feet in just 2 seconds,
prompting a closer look at the rate at which their height changes during this descent. This simple
observation opens the door to exploring concepts of velocity, acceleration, and the mathematical
tools used to quantify motion. Whether you're an aspiring skydiver, a physics enthusiast, or just
curious about how motion can be expressed mathematically, this article will guide you through
understanding how to determine the rate of change in the parachutist’s height.

The Basics of Rate of Change in Motion

Before delving into calculations, it’s important to understand what "rate of change" means in the
context of motion. In physics, the rate at which an object’s position changes over time is called its
velocity. When considering vertical motion, such as a parachutist descending, the velocity indicates
how quickly the height is decreasing.

Key Concepts:

- Displacement: The change in position; in this case, the vertical distance fallen.
- Time: Duration over which the displacement occurs.

- Velocity: The rate of change of displacement with respect to time.



- Average Velocity: The total displacement divided by total time; useful when the speed varies over
time.

In our scenario, the observed descent gives us data to compute the average rate of change in height.
If the descent is uniform (constant velocity), this average is the actual velocity at that moment. If the
descent involves acceleration (speeding up or slowing down), then the average velocity provides a
general estimate over the interval.

Quantifying the Parachutist’s Descent
Step 1: Identifying Known Data

From the scenario:
- Vertical displacement (change in height): 32 feet
- Time taken: 2 seconds

Step 2: Calculating the Average Rate of Change of Height
The average rate of change in height is computed as:

\[
\text{Average Rate} = \frac{\text{Change in Height}} {\text{Time}}

\]

Plugging in the known values:

\[
\text{Average Rate} = \frac{32 \text{ feet}}{2 \text{ seconds}} = 16 \text{ feet per second}
\]

This means that, on average, the parachutist’s height decreases by 16 feet every second during the
2-second interval.

Step 3: Interpreting the Result
This rate provides a snapshot of the descent speed over the specified interval. It does not necessarily
reflect the instantaneous velocity at any specific moment unless the descent was uniform. To

determine the precise velocity at a particular instant, further data on acceleration or velocity at
specific points would be necessary.

Delving Deeper: From Average to Instantaneous Velocity
While the average velocity is straightforward to compute, real-world motion often involves
acceleration due to gravity and air resistance, especially during a parachute descent. Let’s explore

how these factors influence the rate of change in height.

Understanding Acceleration in Free Fall



- Initial phase (free fall before deploying the parachute): The parachutist accelerates downward due
to gravity (~32 ft/sec?), reaching a maximum velocity.

- Deceleration phase (parachute deployment): Air resistance increases dramatically, causing
deceleration.

- Steady descent (with parachute open): The parachutist reaches a new, lower constant velocity.

Modeling the Motion

To analyze the rate at different points, physicists often use equations of motion under constant
acceleration:

\[

v=vO0O+at

\]

\[

h=h0+v O0t+\frac{1}{2}at"2
\]

Where:

-\(v\) = velocity at time \( t\)
v _0\) = initial velocity
a\) = acceleration

\) = height at time \( t\)

-\(
(
(h
(h 0\) = initial height

-\
-\
-\
In the context of the parachutist:

- Before parachute deployment: acceleration approximately \( g = 32\) ft/sec?.
- After parachute opens: acceleration decreases, and velocity stabilizes.

Application to Our Scenario
If the 32-foot descent occurred during free fall or a phase of acceleration, the average rate of 16
ft/sec might be less than the instantaneous velocity at the midpoint due to acceleration effects.

Conversely, if the descent was at a constant speed (terminal velocity), then the average and
instantaneous velocities coincide.

Real-World Implications and Safety Considerations

Understanding the rate at which a parachutist descends isn't just academic—it has direct safety
implications. Accurate knowledge of descent rates allows for better planning of jump sequences,
safer landing zones, and improved parachute design.

Factors Affecting Descent Rate:

- Body Position: A spread-eagle position increases air resistance, reducing descent speed.

- Parachute Design: Larger or more aerodynamic parachutes slow descent.

- Environmental Conditions: Air density, wind, and turbulence can influence descent rate.

Monitoring and Measurement



Modern parachuting equipment often includes altimeters and accelerometers that provide real-time
data on descent rates, ensuring safety and precise navigation.

Summary: Expressing the Parachutist's Change in Height

In the scenario where a parachutist descends 32 feet in 2 seconds, the average rate of change of
height is:

\[

\boxed{

\text{Rate of change} = \frac{\text{Change in height}}{\text{Time}} = \frac{32 \text{ feet}} {2
\text{ seconds}} = 16 \text{ feet per second}

}

\]

This figure describes how quickly the parachutist’s height is decreasing during that interval. While it
provides a clear measure of the average descent speed, a deeper understanding of the physics
involved—particularly acceleration and air resistance—can further refine this picture. Whether for
safety, training, or scientific curiosity, quantifying the rate of descent remains a fundamental aspect
of understanding and mastering the art and science of parachuting.

Final Thoughts

The journey from a simple observation to a comprehensive understanding of motion illustrates the
power of mathematical analysis in real-world scenarios. By calculating the rate of change in the
parachutist’s height, we gain insight not only into the descent itself but also into the fundamental
principles of physics that govern our daily lives. As technology advances, so too will our ability to
measure, analyze, and optimize such motions, ensuring safer and more efficient parachuting
experiences for all.
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