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Skydiving is an exhilarating activity that combines adrenaline, physics, and
careful safety considerations. Imagine a 75.0 kg teacher, including their
parachute, leaping from an aircraft into the open sky. As the parachute
deploys, a fascinating series of physical interactions unfold within the
system. These events involve forces, energy transformations, and momentum
exchanges that are vital to understanding the dynamics of skydiving. In this
article, we explore the physics behind this scenario, focusing on what
happens as the parachute opens and the system experiences, including the
forces involved, energy considerations, and the overall effects on the
skydiver.

---

Initial Conditions Before Parachute Deployment

Before the parachute opens, the skydiver is in a state of free fall,
descending under the influence of gravity and air resistance. To grasp the
physics involved, let's first examine the initial conditions.

Mass and Weight of the Skydiver
- Mass (m): 75.0 kg
- Gravitational acceleration (g): approximately 9.81 m/s²
- Weight (W): calculated as W = m × g = 75.0 kg × 9.81 m/s² ≈ 735.75 N

Velocity During Free Fall
- The skydiver accelerates downward due to gravity, but air resistance
opposes this motion.
- After a period of free fall, the skydiver reaches terminal velocity, where
the force of air resistance equals the weight, resulting in zero net
acceleration.
- For a typical skydiver, terminal velocity is approximately 53 m/s (~120
mph).



Forces Acting on the Skydiver
- Gravity (Weight): pulls downward with force W ≈ 736 N.
- Air Resistance (Drag): upward force, increasing with velocity until
terminal velocity is achieved.

---

The Moment of Parachute Deployment

When the skydiver pulls the ripcord or the automatic activation device
triggers, the parachute begins to deploy.

Physical Process of Deployment
- The deployment involves rapid unfolding of the canopy.
- The process causes an abrupt change in the system's dynamics, especially in
the forces acting on the skydiver.

Immediate Effects
- The deployment causes a sudden increase in air resistance.
- The velocity of the skydiver decreases sharply from terminal velocity to a
much lower, controlled descent speed.
- The system experiences a significant change in momentum and energy.

---

The System Experiences As The Parachute Opens

Understanding the physics during parachute opening involves analyzing forces,
energy transformations, and momentum exchanges.

1. Rapid Increase in Air Resistance (Drag Force)
- As the parachute opens, it dramatically increases the surface area exposed
to air.
- This increase in surface area causes a sudden spike in the drag force.
- The drag force (F_d) can be approximated by the equation:

F_d = ½ ρ v² C_d A



where:
- ρ = air density (~1.225 kg/m³ at sea level)
- v = velocity of the skydiver before parachute deployment
- C_d = drag coefficient (depends on shape, typically high for parachutes)
- A = surface area of the parachute canopy

2. Deceleration of the Skydiver
- The increased drag results in a rapid reduction in velocity.
- The skydiver experiences a deceleration (negative acceleration), which can
be calculated using Newton’s second law:

a = F_net / m

where:
- F_net = net force acting on the system (primarily drag force minus weight)
- m = 75.0 kg

- The deceleration can be quite large, often in the range of 5-10 m/s²,
depending on the parachute and deployment speed.

3. Energy Transformations
- Kinetic Energy (KE): The system's initial kinetic energy before deployment
is:

KE_initial = ½ m v²

- Potential Energy (PE): While in free fall, the skydiver loses gravitational
potential energy as they descend:

PE = m g h

- Energy Dissipation: When the parachute opens, the kinetic energy decreases
as velocity drops. The lost kinetic energy is primarily converted into:
- Heat energy due to air friction.
- Sound energy from the rapid canopy deployment.
- Vibrations in the parachute fabric and suspension lines.

4. Forces Acting on the Parachute System
- The parachute canopy experiences an upward force (drag) that opposes the
downward motion.



- The tension in the suspension lines transmits this force to the skydiver.
- The net force causes deceleration, bringing the descent to a safe,
controlled speed.

5. Momentum Changes
- Momentum (p) is given by p = m v.
- During deployment, the downward momentum decreases rapidly.
- The change in momentum (Δp) is related to the impulse exerted by the drag
force:

Impulse = F × Δt = Δp

- The impulse causes the reduction in velocity, ensuring a safe landing.

---

Physical Quantities and Calculations

Let's consider some quantitative aspects to understand the physics better.

1. Initial Kinetic Energy Before Deployment
- Assuming terminal velocity v ≈ 53 m/s:

KE_initial = ½ × 75.0 kg × (53 m/s)² ≈ ½ × 75.0 × 2809 ≈ 105,338 J

This is the kinetic energy the system has just before the parachute opens.

2. Deceleration During Deployment
- Suppose the parachute causes a deceleration of approximately 8 m/s² over 1
second:

Δv = a × Δt = 8 m/s² × 1 s = 8 m/s

- The velocity reduces from 53 m/s to approximately 45 m/s during this phase.



3. Energy Dissipated
- The change in kinetic energy:

ΔKE = ½ m (v_final² - v_initial²) = ½ × 75.0 × (45² - 53²) ≈ 37.5 ×
(2025 - 2809) ≈ 37.5 × (-784) ≈ -29,400 J

- The negative sign indicates energy loss, primarily converted into heat and
sound.

4. Drag Force Estimation
- Using the drag equation with typical values:

Assuming:
- ρ = 1.225 kg/m³
- v = 53 m/s
- C_d ≈ 1.5 (for a deployed parachute)
- A ≈ 20 m² (approximate canopy area)

Then:

F_d = ½ × 1.225 × (53)² × 1.5 × 20 ≈ 0.6125 × 2809 × 1.5 × 20 ≈
0.6125 × 2809 × 30 ≈ 0.6125 × 84,270 ≈ 51,600 N

This enormous force highlights the dramatic increase in resistance as the
parachute opens.

---

Impacts on the Skydiver and System

The physical interactions during this phase have immediate and long-term
consequences.

1. Deceleration and Safety
- The rapid deceleration could cause injury if not properly managed.
- Parachutes are designed for smooth deployment to minimize forces on the
skydiver.



2. Energy Dissipation and Heat Generation
- The conversion of kinetic energy into heat prevents damage to the parachute
fabric.
- Proper material selection ensures the parachute can withstand these forces.

3. System Dynamics and Stability
- The sudden increase in drag can cause oscillations or instability.
- Parachute design incorporates features to dampen such oscillations.

4. Overall System Performance
- The entire system—skydiver, harness, lines, and parachute—must withstand
these forces.
- Proper training and equipment maintenance are essential for safe skydiving
experiences.

---

Conclusion

Skydiving, especially the moment when the parachute opens, presents a
fascinating interplay of physics principles. The system experiences a sudden
increase in drag force, leading to rapid deceleration and energy
transformations. Understanding these dynamics not only underscores the
importance of safety and design in parachuting equipment but also provides a
vivid illustration of fundamental physics concepts such as force, energy,
momentum, and impulse. For the 75.0 kg teacher, the experience is a thrilling
demonstration of how physics governs even the most exhilarating moments of
human activity. Whether for safety, engineering, or educational purposes,
analyzing the forces and energy exchanges during parachute deployment

Frequently Asked Questions

What forces act on the teacher and parachute system
when the parachute opens during skydiving?
When the parachute opens, the primary forces are gravity pulling the system
downward and air resistance (drag) acting upward, which significantly
increases due to the large surface area of the parachute.



How does the opening of the parachute affect the
acceleration of the teacher and parachute system?
The acceleration decreases dramatically as the parachute increases air
resistance, reducing the net downward force and causing the system to slow
down from terminal velocity to a much lower speed.

What is the role of air resistance during the
parachute deployment?
Air resistance acts as an upward force counteracting gravity, and its rapid
increase when the parachute opens causes the system to decelerate quickly.

Why does the system experience a sudden decrease in
speed when the parachute opens?
Because the parachute greatly increases surface area, air resistance spikes,
producing a large upward force that reduces the downward velocity of the
skydiver and parachute system.

How does the mass of the teacher and parachute
system influence the forces during descent?
The mass determines the weight (force of gravity), but the deceleration
caused by the parachute depends mainly on the increased air resistance; a
heavier system experiences greater force but still slows down significantly
due to increased drag.

What safety considerations are related to the forces
experienced when the parachute opens?
The rapid deceleration can cause sudden jolts, so parachutes are designed to
open gradually if possible; understanding these forces helps in designing
safety features to prevent injury during deployment.

Additional Resources
Skydiving Dynamics: A Deep Dive into the System's Response When a 75.0 kg
Teacher and Parachute Deploy

Skydiving combines human bravery with complex physical interactions, making
it a fascinating subject from both a scientific and engineering perspective.
When a 75.0 kg teacher, equipped with a parachute, jumps from an aircraft,
the entire system—the teacher, the harness, the parachute, and the
environment—engages in a dynamic interplay of forces. As the parachute opens,
the system undergoes rapid yet predictable changes, influenced by physics



principles that ensure safety and control. This article explores these
phenomena in depth, providing an expert analysis of what occurs during this
critical phase of the skydive.

---

Understanding the Initial Conditions: The Free
Fall Phase

The Mass and Gravity
At the outset, the system consists of the teacher (mass = 75.0 kg), the
harness, and the parachute assembly. Before deployment, the system is in free
fall, accelerating downward due to gravity. The force acting on the system is
primarily gravity, calculated as:

\[ F_g = m \times g \]

where:
- \( m = 75.0\,kg \),
- \( g \approx 9.81\,m/s^2 \).

Thus:

\[ F_g = 75.0\,kg \times 9.81\,m/s^2 = 735.75\,N \]

This force causes the system to accelerate downward, initially approaching
the acceleration due to gravity, as air resistance is negligible immediately
after exit.

Air Resistance in Free Fall
As the system accelerates, air resistance (drag) opposes the motion. The drag
force is given by:

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

where:
- \(\rho\) is the air density (~1.225 kg/m³ at sea level),
- \(v\) is the velocity,
- \(C_d\) is the drag coefficient,
- \(A\) is the cross-sectional area.

Initially, the net force is \( F_{net} = F_g - F_d \), causing the system to
accelerate until it reaches terminal velocity, where \( F_d = F_g \).



Terminal velocity for a typical human skydiver (including the teacher with
gear) is approximately 53 m/s (~120 mph), but this value varies based on body
position, gear, and clothing.

---

The Deployment of the Parachute: Transition and
Rapid Changes

Triggering the Deployment
At a predetermined altitude, the instructor or automatic activation device
triggers the parachute deployment. The pilot chute, a small auxiliary
parachute, is ejected first, pulling out the main canopy. This process
introduces a significant change in the system's dynamics.

Rapid Deceleration Phase
Upon opening, the parachute dramatically increases the system's drag area.
The cross-sectional area \(A\) jumps from a relatively small value during
free fall to a much larger value, often by a factor of 10 or more. Typical
parameters for a standard parachute are:

- Cross-sectional area \(A\): 20-30 m²,
- Drag coefficient \(C_d\): 1.0 to 1.5 (depending on canopy shape and opening
configuration).

The sudden increase in \(A\) causes the drag force \(F_d\) to spike,
surpassing the weight component:

\[ F_d \gg F_g \]

This results in a rapid deceleration—an experience often described as a
"jerk" or strong pull.

Mathematically, immediately after opening:

\[ F_{net} = F_d - F_g \]

Since \(F_d\) is now much larger, the net force is negative, causing the
system to slow down swiftly.

Effects on the System Components
- Teacher's Safety Harness: Designed to withstand substantial forces, it



transmits the deceleration forces safely to the body.
- Parachute Canopy: Undergoes rapid inflation, transitioning from a collapsed
or semi-collapsed state to fully deployed.
- Rapid Airflow Dynamics: The airfoil shape of the canopy generates lift (or
more accurately, drag), stabilizing the descent.

---

Physical Phenomena During Parachute Opening

Deceleration and G-Forces
The sudden change in velocity leads to high decelerations, measured in "g-
forces." Typical peak deceleration during parachute opening can reach 3-5 g:

\[ a = \frac{\Delta v}{\Delta t} \]

- \(\Delta v\): change in velocity (~50 m/s),
- \(\Delta t\): duration of deceleration (~0.5 seconds).

This yields:

\[ a \approx \frac{50\,m/s}{0.5\,s} = 100\,m/s^2 \]

which is about 10 g. However, actual experienced g-forces are often lower
(~3-5 g) due to the parachute's design to minimize stress.

Implications:
- The human body and harness system are built to withstand these forces.
- The rapid deceleration is felt as a strong pull, but safety standards
ensure it remains within tolerable limits.

Stability and Oscillations
Immediately after deployment, the system may experience oscillations or
"swinging" motions due to:
- Inconsistent airflow,
- Slight asymmetries in the canopy,
- Initial turbulence.

These oscillations tend to dampen quickly as the canopy stabilizes, aided by
venting and vent design.

Pressure and Airflow Dynamics
The airflow over the canopy creates:



- Lift: Opposing gravity, reducing descent speed.
- Turbulence: Leading to slight wobbling or oscillations.
- Venting: Allows excess air to escape, aiding stability.

---

The System's Steady-State Post-Deployment

New Terminal Velocity
Once the parachute fully inflates and stabilizes, the system reaches a new,
much lower terminal velocity—typically around 5 m/s (~11 mph), significantly
safer and more controlled.

\[ F_d \approx F_g \]

which results in a gentle descent rate, allowing for controlled landing.

Deceleration Summary
The entire process involves a dramatic but controlled deceleration,
transforming a high-speed free fall into a slow, stable descent. The forces
involved are carefully managed by the design of the parachute and harness
system, ensuring safety and comfort.

---

Additional Factors Influencing System Response

Environmental Conditions
- Air Density: Higher altitude means lower air density, affecting drag and
terminal velocity.
- Wind Conditions: Lateral winds can induce swinging or drift.
- Temperature and Turbulence: Can influence airflow behavior around the
canopy.

Equipment Design and Safety Features
- Canopy Shape: Designed for optimal inflation and stability.
- Vents and Reinforcements: Minimize oscillations and wear.
- Harness Systems: Distribute forces evenly and prevent injury.



Human Factors
- Body Position: A stable, belly-to-earth position maximizes drag.
- Preparation and Training: Ensures proper deployment and response to
oscillations.

---

Conclusion: The Marvel of Physics and
Engineering

The moment the parachute opens, the skydiving system transitions from a state
of free fall to a controlled descent, governed by complex physical phenomena.
The immense change in aerodynamic forces results in rapid deceleration,
oscillations, and stabilization—all meticulously managed through engineering
design and safety standards. For the 75.0 kg teacher, this process
exemplifies the harmonious interplay of physics principles—gravity, drag,
lift—and engineering ingenuity, culminating in a safe and exhilarating
experience.

Understanding these dynamics not only enhances appreciation for skydiving
safety but also underscores the importance of rigorous design, training, and
environmental awareness. Whether for recreational or professional purposes,
the physics at play during parachute deployment remains one of the most
compelling demonstrations of applied science in action.
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